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Abstract

The brain’s ability to focus on one conversation in a noisy environment,
known as the cocktail party effect, remains a significant challenge in neuro-
science. We still lack a clear understanding of how the brain uses experience to
prioritize elements of auditory information from speech successfully. Research
has shown that neural processing is predominantly dedicated to speech from an at-
tended speaker compared to ignored speech. However, familiar and previously ex-
perienced stimuli may trigger relatively weaker neural responses than novel ones
do, a phenomenon known as priming effect. This study investigates the interplay
between auditory processing in the cock- tail party effect and the influence of
prior knowledge through different levels of familiarity with speech. Our research
specifically investigates how prior experience with speech, including familiarity
with the voice or the content of the voiced message, plays a role in this informa-
tion segregation process.

In a series of single-trial electroencephalography (EEG) studies, we measured
the temporal attention indices allocated to neural responses to continuous speech
using the temporal response function (TRF) method. The experiments were con-
ducted to investigate the interaction between attention and experience at three dif-
ferent levels.

In Experiment 1, we primed listeners with single-speaker speech prior to hear-
ing the exact same sequence in a two-speaker cocktail-party scenario, which in-
volved full prior knowledge of one of the two speech objects. In Experiment 2,
listeners were similarly primed with single-speaker speech, and in the subsequent
cocktail-party setting were then exposed to one of the two speakers having the
same voice but a different message. In Experiment 3, the speech on which listen-
ers were primed via a single-speaker was then restated in the same paraphrasal
content from one of two new speakers. Importantly, we addressed the separate im-
pact that prior knowledge may have on processing of the attended versus unat-
tended speech, i.e., whether prior experience relates to target or masker speech.

We identify and analyse the effects of attentional and experience factors on

components P1, N1, and P2 from the resulting EEG TRFs. The results show that
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attention and experience factors interact during the late P2 processing stage (220-
320 ms), as long as priming involves full prior knowledge (Experiment 1), not
being observed on partially primed auditory information (Experiments 2a and 2b.
The interaction consists of a reduced neural response to the primed target, com-
pared to the case when the target is unprimed. The reduction occurs while main-
taining an attentional enhancement in the P2 response, relative to the concurrent
masker’s. The finding of reductions in P2 but not earlier stages is consistent with
this later cortical stage operating a single auditory object representation of neu-

rally segregated speech.

Keywords:
cocktail party effect, selective attention, speech encoding, tem-

poral response function.



Resumen

La capacidad del cerebro para enfocarse en una conversacion en un ambiente
ruidoso, conocido como efecto coctel, sigue siendo un desafio significativo en la
neurociencia. Todavia carecemos de una comprension clara de cémo el cerebro
utiliza la experiencia para priorizar elementos de la informacion auditiva del habla
con éxito.

La investigacion ha demostrado que el procesamiento neuronal se dedica
predominantemente al habla de un interlocutor atendido en comparacion con el
habla ignorada. Sin embargo, los estimulos familiares y previamente
experimentados pueden desencadenar respuestas neuronales relativamente mas
débiles que los novedosos, un fenomeno conocido como efecto de priming. Este
estudio investiga la interaccion entre el procesamiento auditivo en el efecto de
fiesta de coctel y la influencia del conocimiento previo a través de diferentes
niveles de familiaridad con el habla. Nuestra investigacion investiga
especificamente como la experiencia previa con el habla, incluida la familiaridad
con la voz o el contenido del mensaje vocalizado, desempefia un papel en este
proceso de segregacion de informacion.

En una serie de estudios de electroencefalografia (EEG) de ensayo tnico, me-
dimos los indices de atencidén temporal asignados a las respuestas neuronales al
habla continua utilizando el método de funcion de respuesta temporal (FRT). Los
experimentos se llevaron a cabo para investigar la interaccion entre la atencion y
la experiencia en tres niveles diferentes.

En el Experimento 1, familiarizamos a los oyentes con el discurso de un solo
hablante antes de escuchar la misma secuencia en un escenario de fiesta de coctel
con dos hablantes, que implicaba un conocimiento previo completo de uno de los
dos objetos de habla. En el Experimento 2, los oyentes fueron familiarizados de
manera similar con discurso de un solo hablante y, en el posterior escenario de
coctel, fueron expuestos a uno de los dos interlocutores con la misma voz pero un
mensaje diferente. En el Experimento 3, el habla sobre la que se familiarizo a los
oyentes a través de un solo interlocutor se repiti6 luego en el mismo contenido pa-

rafraseado de dos nuevos hablantes en la posterior escucha del coctel. Es impor-
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tante destacar que abordamos el impacto separado que el conocimiento previo
puede tener en el procesamiento del habla atendida versus no atendida, es decir, si
la experiencia previa se relaciona con el habla objetivo o el habla desatendida.
Identificamos y analizamos los efectos de los factores atencionales y de
experiencia en los componentes P1, N1 y P2 de las FRT de EEG resultantes. Los
resultados muestran que los factores de atencion y experiencia interactian durante
la etapa de procesamiento P2 tardio (230-320 ms), siempre que el priming
implique un conocimiento previo completo (Experimento 1), y no se observa en la
informacion auditiva parcialmente familiarizada (Experimentos 2a y 2b). La
interaccion consiste en una respuesta neuronal reducida al objetivo conocido, en
comparacion con el caso en que el objetivo no conocido. La reduccidon ocurre
mientras se mantiene un aumento atencional en la respuesta P2, en relacion con el
enmascarador concurrente. El hallazgo de reducciones en P2 pero no en etapas
anteriores es consistente con esta etapa cortical posterior que opera una

representacion de objeto auditivo Unico de habla neuronalmente segregada.

Palabras claves:
efecto fiesta de coctel, atencion selectiva, codificacion neural, funcion de

respuesta temporal.
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Chapter 1

Introduction

Following intense social lives, humans have developed a remarkable ability to
communicate and understand each other. Many important soundscapes involve
multiple conversations, such as parties where people talk simultaneously amid
ever-changing background sounds. Yet, one may still discriminate the speech of a
friend from a stranger’s. Despite such acoustically challenging environments, lis-
teners retain the ability to comprehend a message of their interest from a target
speaker while disregarding others. This phenomenon is known as the cocktail
party effect (Cherry, 1953) and is based on selective attention, a cognitive process
that enables the selection of different sound sources by shaping the representation
of sounds from their initial mixed entry into the ear, and follows on different
stages up to the parsing of the message (Har-shai Yahav and Zion Golumbic,
2021; Wood and Cowan, 1995).

The formation of auditory objects involves the grouping of sounds in the form
of temporally connected objects (Bronkhorst, 2000; Moore and Gockel, 2012)
with selection leading to their segregation from a scene (Middlebrooks and Si-
mon, 2017; Shinn-Cunningham et al., 2017). Selection is motivated by listener’s
demands in a multi-talker environment and is constrained by limited resources and
neural processing costs, shaping the distinction between relevant and irrelevant
sources. Auditory selection may be based on extraction of physical features of
sound including timbre, tone, intensity, or location (Brodbeck et al., 2020;
Bronkhorst, 2000; Giraud and Poeppel, 2012; Luo and Poeppel, 2007; Obleser and
Kayser, 2019; Ozmeral et al., 2021). In speech, these features represent low-hier-
archy ‘primitive’ grouping processing (Bronkhorst, 2000) that later serve as a basis
to determine the binding of sensory information under common causes as auditory
object units (Poeppel and Assaneo, 2020; Shinn-Cunningham et al., 2017). Such
processing entails top-down higher-level cognitive functions, with speech compre-
hension depending on both formation and selection processes feedback to each
other heterarchically (Shinn-Cunningham et al., 2017). This is opposed to a
process structured into successively higher-level control mechanisms. For in-
stance, determining a target in an auditory scene involves estimating individual

sound sources, such as a particular voice, on the basis of relevance guided by top-
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down action mechanisms. However, strongly salient features of a scene can in-
stantaneously capture and redirect relevance away from the elements of the target.
In another example, strong prior expectations about speech may guide its repre-
sentation when it is replaced by noise, overcoming missing sensory input (Cer-
vantes Constantino and Simon, 2018, Leonard et al., 2016).

Examples in which forming an individual auditory object involves interacting
top-down and bottom-up processes typically relate to the balance between atten-
tional control (which promotes exploitation of prior knowledge) versus attentional
capture (which promotes feature exploration). Critically, the balance depends on
experience and observer expectations (Shinn-Cunningham, 2008). In an effort to
gain a deeper understanding of how auditory objects are encoded in the brain, nu-
merous studies have addressed the representational differences between attended
and unattended auditory objects at the cocktail party problem (Ding and Simon,
2012; Haykin and Chen, 2005; O’Sullivan et al., 2015; Power et al., 2012). The
question is motivated in particular because in complex cocktail party situations,
individuals can adapt and follow a specific stream despite considerable disadvan-
tages (Fiedler et al., 2019), including when the target and maskers have a voice
of the same gender, or when the intensity of the target is lower than that of the
background (Ding and Simon, 2012; Kidd et al., 2016) for instance.

Important insight has been gained with high temporal precision neuroimaging
methods such as electroencephalography (EEG), in combination with temporal re-
sponse function analyses (TRF). The TRF is particularly useful to describe the
neural processing during speech perception, as it details the stages of auditory pro-
cessing given specific acoustical characteristics of speech (Bednar and Lalor,
2020; Broderick et al., 2019; Di Liberto et al., 2015; Har-shai Yahav and Zion
Golumbic, 2021; Wéstmann et al., 2019; Zion Golumbic et al., 2013). These stud-
ies have clarified which auditory features are relevant for speech encoding, and
how does selective attention modulate their representation in relation to a target
versus a masker.

It remains unclear however how selective attention interacts with prior knowl-
edge in the cocktail party. For this, we set out an experimental design to investi-
gate the nature of the statistical interaction between selective attention and prior
experience in speech processing when individuals are exposed to multiple simul-
taneous speakers. Using the TRF method, we investigated this interaction at each
of the relevant stages of speech processing, using non-invasive EEG data. In par-

ticular, we addressed the problem of prior experience of speech influences neural

14



patterns under a speech comprehension task, representing the typical challenges

facing the ‘cocktail party’ problem.
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Chapter 2

Theoretical background

Attentional filter models

Different models have approached the attentional mechanisms involved in sen-
sory information processing. The work of Cherry (1953) led to the advent of the
Early Selection model of attention (Broadbent, 1957), which assumes a rigid filter
that allows only relevant information to pass for processing at later stages, similar
to a bottleneck. In this model, the processing of irrelevant acoustic information is
limited, and extraction of information from ignored auditory objects is not fully
accounted for (Cherry, 1953). It does not explain however how attentional mecha-
nisms can be directed based on individual needs and stimulus properties, for ex-
ample, when student wishes to listen to a lecture despite off-topic discussions
from his classmates. Even if thorough comprehension of the lecturer’s speech can
be achieved despite the noise, should the student be named by peers this would
likely engage his attention. Thus even as off-target input can be mostly ignored
some may leak in affecting performance.

By contrast, from the visual literature the Attenuation Model proposes that ob-
ject-dependent feature integration during serial search as the process driving selec-
tion (Treisman, 1960). Unlike exclusive processing of the target versus background
input (all or nothing), the latter is only subject to an attenuation mechanism that
modifies background perception (Driver, 2001). This introduces a preattentive
stage where objects may be formed and integrated through their various features,
setting the conditions for later selection of the target.

Understanding how the brain processes acoustic information in challenging
multi-talker scenarios during the early stages of processing may help disentangle
the neural coding and attentional mechanisms that manage basic features of sound
before we focus on specific auditory inputs. This process may act like a spotlight,

enabling us to concentrate on one sound at a time.

Three key time windows for speech processing

16



Evidence suggests that the auditory brain aligns its activity to temporal regu-
larities found in speech. This neural entrainment phenomenon is known as ‘phase
coding’ or ‘speech tracking’ (Obleser and Kayser, 2019; Zion Golumbic et al.,
2013). Speech tracking and related event-related potential (ERP) reports from
EEG and MEG studies typically indicate a pattern of neural activation with laten-
cies structured in a triphasic series of auditory processing stages, namely the P1,
N1, and P2 components (Aiken and Picton, 2008; Fiedler et al., 2019; Martin et
al., 2008; Steinschneider et al., 2011).

The first processing peak, P1, is recognized with a positive polarity, and also
called the P50 component, or P1m in the MEG literature (Aiken and Picton, 2008)
and occurs in the pre-attentive stage, approximately 50 ms after stimulation. P1 is
considered to emerge in the Heschl gyrus and is related to sensory perception and
the encoding of acoustic characteristics of the incoming auditory stream. P1 has
been associated with sensory gating (Jones et al., 2016), to the ability to reduce
representation of repetitive sounds, similar to filtering out redundant sensory in-
formation (Haykin and Chen, 2005). It is a component widely linked to bottom-
up processes that has however rarely featured in cocktail party studies given its
early nature and relatively low amplitude. Some evidence links the P1 to goal-di-
rected attentional tasks, suggesting an interactive flow of information between
participating top-down and bottom-up processes (Golubic et al., 2019; Jones et al.,
2016).

The next stage of processing, the N1 component, is indicated by a negative
peak starting 100 ms after stimulus onset in the EEG. It has been the most studied
in the cocktail party as it is in this time window when dominance of the represen-
tation of the attended stream response is typically observed. Based on ERP data,
Hillyard et al. (1973) first observed attentional effects in the auditory N1 response
to attended tones, which elicited larger responses than N1 responses from unat-
tended tones. The N1 modulation appears consistent with the gain model for the
representation of attended stimuli and suppression of unattended stimuli, according
to Treisman’s filter-attenuation hypothesis. In particular, N1 changes are critical to
account for in step-wise frameworks to disentangle aspects of early versus late se-
lection (Fiedler et al., 2019; Giard et al., 2000). This is particularly relevant when
processing salient stimuli within complex acoustic scenes, where attention plays a crucial
role in segregating important auditory information. In natural acoustic scenes, other fac-
tors can also contribute to the processing within this temporal window, including famil-
iarity with the attended or ignored stimulus. This phenomenon, known as the priming ef-

fect, can influence the processing of a stimulus (Wang et al., 2019).
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The emerging phase-locking of auditory objects at the N1 may reflect synchro-
nization of endogenous neural activity with the target’s own exogenous temporal
structure (Kachlicka et al., 2022). A hypothesis is that this stage enables masker-at-
tenuated object-based processing of the selected target, in a mechanism that is con-
sidered to be influenced and guided by top-down processes (Ding and Simon,
2012; Kaya and Elhilali, 2017).

Brodbeck et al. (2020) investigated how speech segregation is processed corti-
cally during the cocktail party. Specifically, they examined MEG responses to at-
tended and ignored speech, as well as responses to single-speaker (solo) listening.
The researchers presented pairs of audiobook segments in a continuous mixture of
two speakers, and the listeners were instructed to focus on only one speaker. They
investigated how the auditory cortex tracks acoustic onsets (Hertrich et al., 2012),
which are necessary cues for speech segmentation. The activity revealed, as ex-
pected, attentional modulation of the N1 in the form of enhanced responses to the
target acoustic onsets, but also an earlier response compared to responses to the
ignored speaker. The responses to acoustic onsets were obtained with spectro-tem-
poral response functions (STRFs), which generally followed a similar pattern for
both solo speech and cocktail listening. The general pattern consisted of at least
two peaks, of which the earliest, P1, had a latency of approximately 70 ms, fol-
lowed by an N1 peak of approximately 150 ms. Their N1 results were in line with
previous studies that have indicated enhanced target processing at this stage. With
regards to the background, the attenuated and delayed responses may be inter-
preted as the auditory system maintaining a limited ability to retrieve acoustic on-
sets from the background response. The available representations of the back-
ground sensory noise then become further reduced as different stages of informa-
tion processing advance from the periphery through the auditory cortex (Rabi-
nowitz et al., 2013).

Finally, the P2 component is characterized by a positive peak in the EEG
waveform, which typically occurs around 150-260 ms after stimulus onset (Pinto
et al., 2019; Lewald and Getzmann, 2015; Getzmann et al., 2016). The stage has
been is associated with top-down and higher-order perceptual processing that is
also modulated by attention, and appears delayed in older populations (Getzmann
et al., 2016). In the cocktail party situations, the P2 component of the target re-
sponse typically increases compared with the background (Charest et al., 2009). In
particular, the auditory P2 may be behaviorally relevant, as the magnitude of its
attentional modulation may indicate task performance (O’Sullivan et al., 2015).

One hypothesis is that during this later stage of processing, also known as P300,
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representations of the background are further prevented from entering working
memory (Power et al., 2012). Evidence for this higher-order component in partic-
ular to be linked to working memory remains unclear, however (Hjortkjer et al.,
2020). Nevertheless, as memory load increases, encoding accuracy of the speech
envelope was shown to generally decreases in TRF models, suggesting a potential
interplay between attentional mechanisms and working memory (Gazzaley and

Nobre, 2012) across encoding stages.

Does prior knowledge play a significant role in understanding
speech in cocktail party scenarios?

In everyday scenarios, prior knowledge or familiarity may offer advantages in
managing complex and challenging situations. Investigating the significance of
the specific circumstances set by priming speech input may provide new insight
into ecological contexts. Examples include the easier distinguishing of a friend’s
voice in a crowd, or understanding a noisy message when one is familiar with the
topic. Processing voices that are familiar improves target intelligibility in natural
communication settings with multiple speakers, relative to unfamiliar voices
(Domingo et al., 2020). However, the behavioral benefits on comprehension may
not be extended to cases where the unattended speaker alone is familiar (Newman
and Evers, 2007). Nevertheless, there is evidence that in a low cognitive demand
tasks and with extensive experience, masker’s voice familiarity may facilitate
cocktail party performance (Johnsrude et al., 2013).

At the level of prior knowledge about speech content, behavioral evi-
dence shows detection benefits for target words that have been semantically
primed shortly before and which correspond to the same semantic category during
masking (Dekerle et al., 2014). Park et al. (2023) studied the influence of topic
familiarity on selective attention; using a dichotic listening paradigm, selective
comprehension of speech was investigated across simple versus complex message
narratives (including challenging philosophical discourse), and, separately, on
fixed versus variable speaker targets. The findings showed, in the case of complex
narratives, steep comprehension error increases that were not in place for listeners
that were presented with simple narrations but had no prior knowledge of the
speaker. The complex narrations entail contexts of lower sentential predictability,
and this is a factor that may interact with speech intelligibility especially in noise-
degraded conditions (Bhandari et al., 2021).
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In the case of complete prior knowledge about speech, full auditory priming of
an identical stimulus is particularly helpful, in terms of performance when target
and masker speech presentations are co-localized (Wang et al., 2021). Evidence
suggests that prior knowledge of speech facilitates the segregation of targets in
multi-speaker scenes through top-down processing. Using the TRF method,
Wang et al. (2019) investigated the effect of prior knowledge of speech stimuli by
analysing magnetoencephalography responses to a mixture of stories narrated by
the same speaker. In half of trials, listeners were be primed with the target speech
sequences of the mixture, by listening to them in advance as a solo (single-
speaker) speech presentation. Neural encoding was compared under primed and
unprimed conditions for attended and unattended speech. Attentional modulation
of the TRF emerged from around 100 ms and was influenced by priming, with the
authors reporting significantly enhanced attentional effects for the primed com-
pared to the unprimed condition. Source analyses revealed significant activity
changes related to differential attentional enhancement at the level of bilateral su-
perior temporal gyrus (STG) and the superior temporal sulcus (STS). However,
the nature of the statistical interaction between attentional enhancement and the
priming effect at early, middle and late stages of processing, remained unclear.
Moreover, the experimental design of the task did not directly involve speech
comprehension, as participants were instructed to detect brief silences (acoustic
gaps) of the target speaker ignoring those from the masker’s. In addition, the
cocktail stimuli were presented using the same voice for target and background, in
all trials. If neural processing of the scene were involved for a speech comprehen-
sion task, we would expect performance differences to be dependent on the com-
bination of participating voices (Brungart, 2001), as target/masker voice charac-
teristics may affect the separability of auditory objects.

Top-down expectation allows for a complex interplay between perception and
understanding, using knowledge to drive perceptual inference (Clark, 2013; Ten
Oeve & Martin, 2024). For human hearing, predictive mechanisms are considered
to interact at the bottom-up and top-down levels playing an important role in
speech encoding. In auditory cortex, top-down input is hypothesized to be com-
pared against incoming sensory inputs, according to existing knowledge and ex-
pectations of the observer, in order to adjust prediction errors and interpret the au-
ditory scene accordingly more precisely. In a study that evaluated the influence of
visual predictions on auditory speech processing (Pinto et al., 2019), it was found

that the observer’s reliance on the gestural information of a speaker during speech
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listening resulted in a reduction in the amplitude of the components N1 and P2.
The effects of decreasing activity under priming of certain features may be inter-
preted as a learning outcome that reflects a reduced neural processing cost regard-
ing those features. This is similar to the ‘repetition suppression effect’ phenome-
non that may indicate the efficient encoding of redundant information (Grill-Spec-
tor et al., 2006; Summerfield et al., 2008). It is unclear how does this reduction in-
teract with the key suppression of distractor-related activity under voluntary atten-
tion, an effect attributed to inhibitory process (Wostmann et al., 2022).

In this thesis, we address this interaction in complex cocktail-party scenarios.
We ask at what level does prior experience benefit the auditory segregation that is
reflected in activity at the auditory cortex. One level of experience involves the
prior knowledge about acoustic characteristics of a speaker, such as their distinc-
tive voice spectral cues. At a higher level, we consider the case where prior
knowledge arises from the intended message, leading to facilitated semantic and
phonemic content inference. The third, most fundamental scenario, involves full
knowledge of target input, with prior experience therefore resolving the ‘cocktail-

party’ selection problem beforehand.
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Chapter 3

Research problem

The neural mechanisms that underlie the brain’s segregation of relevant
speech from competing noise, the cocktail party effect, remain poorly understood.
Furthermore, the nature of the auditory cortical responses of primed targets versus
maskers has not yet been described at the principal stages of auditory cortical pro-

cessing.
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3.1 Objectives

3.1.1 General Objective

* To investigate the interaction between selective attention and prior experi-
ence during speech processing when listeners face simultaneous speakers,
using non-invasive electrophysiological estimates of speech encoding (P1-

N1-P2 components) of the TRF.
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3.1.2 Specific Objectives

» To investigate the role of full prior knowledge in selective attention in a

speech comprehension task under the ‘cocktail party’ problem (Experiment

).

 To investigate the role of prior knowledge of speaker’s voice in selective at-
tention in the same task (Experiment 2a).

» To investigate the role of prior knowledge of speech content message in se-
lective attention in the same task (Experiment 2B).
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3.2 Hypothesis

3.2.1 Behaviour

* We hypothesize a higher level of comprehension when listeners are primed
with information about the target.

3.2.2 Neural response

* We hypothesize the interaction between selective attention and prior experi-
ence in the neural processing associated with resolving the ‘cocktail-party’.

» Regarding selective attention, we anticipate a systematic enhancement in
neural tracking response for the attended speaker compared to the unat-
tended speaker at N1 and P2 stages of cortical processing.

» Regarding prior experience, we anticipate that priming effects observed, if
any, will be consistent with suppression of the neural tracking response to the

primed stream.
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Chapter 4

Methodology

4.1 Participants

Seventy-four human subjects participated across three experiments (48 female;
mean age 25.6 £ 4.9 SD; 11 left-handed). Subjects were native Rioplatense Span-
ish speakers who reported no hearing impairment or neurological disorder and
normal or corrected vision. The participants completed the Edinburgh Handedness
Inventory.

The Ethics in Research Committee at the Faculty of Psychology, Universidad
de la Republica Uruguay, approved the study. All participants gave their written
consent in accordance with the guidelines of the Declaration of Helsinki (World
Medical Association, 2009). As a token of appreciation for their time, the partici-
pants received a chocolate bar at the conclusion of the experimental session.

Thirty-six subjects participated in Experiment 1 (27 female; mean age 26.5 *
4.7 SD; 7 left-handed). One participant was excluded due to a negative score on
the task, while the behavioural response file of the other participant was not saved
correctly.

Seventeen subjects participated in Experiment 2a (7 female; mean age 24.1
+4.8 SD; 3 left-handed). One participant was excluded due to the behavioural re-
sponse file was not saved correctly. Twenty-one subjects participated in Experi-
ment 2b (16 female; mean age 25,7 + 6 SD; 1 left-handed).

4.2 Setup

Participants were seated 50 cm in front of a 40 cm size monitor (E. Systems,
Inc., CA). For audio presentation, we used a Sound Blaster Z sound card (Creative
Labs, Singapore) in combination with a Scarlett 414 sound interface (Focusrite
Plc, UK) and high-quality Sennheiser HD 25 headphones (Sennheiser, Ger-
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many). Neural recordings were made with BioSemi ActiveTwo 64-channel sys-
tem with an Active two ERGO Opticlink (BioSemi, The Netherlands) to connect
synchronous auditory signals to the ActiveTwo output system. The participants
adjusted the presentation of the sound volume to a comfortable listening level be-

fore starting the computerized tasks.

4.3 Stimuli

Auditory stimuli were obtained from two databases constructed explicitly for
the study by our team (see Database 1, Database 2). Database audios consisted of
short phrases narrated by a single speaker, where keywords and topics have been
annotated per audio. Additionally, each audio was classified according to the per-
ceived age and sex group of the speaker.

MATLAB® software (MathWorks, Natick, United States) was used to convert
audio recordings into diotic formats (simultaneous presentation to both ears) at a
sampling rate of 44100 Hz. The low- frequency amplitude envelopes in the speech
signals were obtained using Hilbert’s method.

Long silences and repeated filler words were manually removed based on the
stimulus envelope and content features on a case-by-case basis. To prevent the au-
dible perception of clicks, 5 ms long cosine ramps were applied at the beginning

or end of the stimulus and any excisions. All individual stimuli were normalized.

4.3.1 Database 1

Database 1 (D1) consisted of 259 single-speaker audios (129 female voices,
mean duration 8.6 s, £0.8 s). D1 was based on various source formats, such as
news broadcasts, audiobooks, and interviews with Uruguayan Spanish speakers.
In addition, audio clips were extracted from radio and TV channels, podcasts, and
YouTube videos. All audio sentences were selected for explicit thematic content
issued by a single speaker without background noise. In D1, four keywords were
chosen from each audio sentence, including adjectives, nouns, verbs, and adverbs,
but excluding those near the end of the sentence. Additionally, one or two topical
categories were assigned to each sentence, from a fixed pool of topics that in-
cluded politics, government, sports, religion, education, health, leisure, personal,
culture, nature, labour, commerce, and money. Furthermore, apparent voice gen-

der (male or female) was designated according to the name, face, and voice qual-
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ity of the source material. The audios were also identified according to the per-

ceived age of the speakers, i.e., less than or older than 35 years, resulting in 59

younger and 200 older speakers.

Audio Politics Gov't Sports  Religion Educ. Keyl Key2 Key3 Key4 M/F Age
1 X X X Biases Brain Financial  Invest F Younger
2 X Retire Write Journal Stuff M Older
3 X X Tourism ]I1Husio ;ransfor Sxperienc M Younger
4 X Advance Rights ~ Money Depressio F Older

S

n

Table 1: Example of the Database registration

4.3.2 Database 2

Database 2 (D2) consisted of 348 single-speaker audios containing 184 female

voices. The mean duration of the audios was 8.08 s, SD + 1.97 s. Individual sen-

tences were created and recorded using the Microsoft Research Paraphrase Corpus
(MRPC) (Quirk et al., 2004), a database that records pairs of headlines or sen-

tences containing similar information on the world news from different newspa-

pers and sources. We selected 169 paraphrase pairs from the MRPC rated as se-

mantically equivalent, and translated them into Spanish. Non-Spanish names (e.g.,

people, companies, or localities) from the local context and substituted them with

familiar and local/regional names using an online random name generator

(https://generadordenombres.online/). An example of a resulting paraphrase pair

used for D2 audios

MRPC sentence 202294
El procedimiento comenzo con la presentacion

por parte de los fiscales del caso contra Adolfo,
leyendo 33 paginas de documentos que resumian
las acusaciones contra él.

The proceedings were taken up with prosecutors outlining their
case against Amrozi, reading 33 pages of documents outlining
allegations against him.

shown in Table 2.

MRPC sentence 202143 (paraphrase)
El procedimiento comenzé con la expresion

por parte de los fiscales de su caso contra Adolfo,
leyendo una carta de acusacion de 33 paginas al

tribunal.

Proceedings were taken up with prosecutors outlining their case
against Amrozi, reading a 33-page accusation letter to the court.

Table 2: Example of a paraphrase pair used in D2

Audio recordings were obtained from locally surveyed volunteers, who read

aloud one or two pairs of paraphrases simulating a spontaneous conversation. An
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Olympus recorder model VN-5410C (OM Digital Solutions Corporation, Japan)
was used with settings suitable for recording in the open air (44.1 kHz sampling
rate, 40 Hz - 13 kHz frequency response, 5 - 320 kbps bit rate range). Selected
recordings were made in noise-free open or closed spaces, and contained clear
message narrations as per the indicated sentence(s). Resulting audios were anno-
tated for their speaker age, gender and keywords following similar criteria as in
D1, with the exception that keywords were limited to two per phrase. The selected

keywords always differed across paraphrasing pairs.

4.3.3 Cocktail party stimuli

A unique set of cocktail party (CP) stimuli was created per study participant.
Each CP stimulus was generated from a selection of two solo speech stimuli from
the same database by additive combination of the two streams using a 750 ms in-
ter-stream onset asynchrony. This design was used for target instruction purposes,
to ensure that listeners attend either the one single speech stimulus that was pre-
sented initially or the other speech stimulus interjected later. Each CP stimulus
end time was equal to the resulting mixture overlap time. The root mean squared
(RMS) intensity was equalized between the overlapping epochs of both streams,

and the amplitude of the entire cocktail stimulus was normalized.

4.4 Experimental task

Participants were instructed to listen to every auditory stimulus presentation
with their eyes closed, focused solely on speech without visual distractions while
minimizing all other motor activities. A two-stage design was used for each trial
in the task, to investigate the interaction between previous listening experiences
and attention, specifically how previous listening experiences may affect listeners’
capacity to concentrate on a particular speaker in a multi-talker scenario. In the
first part, ‘pre-listening’, participants were presented with a single-speaker speech
stimulus. In the second part, ‘CP listening’, participants were tasked with selec-
tively attending to either the first (leading) or second (interjecting) speech stream.
Leading or interjecting targets were cued immediately beforehand, and were in-

structed with equal probability. Upon listening, the trial continued with a ques-
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tionnaire designed to evaluate participants’ comprehension of the target speaker,
and involved selecting three options from a multiple-choice format containing
nine choices. Subsequent to participant’s response validation, the score feedback
of the trial was provided along with an accumulated score for the experiment trial.
See Figure 1.

Pre-listening

T TP

Please close your
eyes and listen to
the speaker

Keep your eyes
closed

Please close your
eyes and listen to the

FIRST speaker

2-3s
Cocktail-party £
listening
Response

What was the FIRST Feedback
speaker talking about?
Indicate three options

Keep your eyes
closed

Score: 3

Total score: 50

Until press

Figure 1: Experimental design
Each trial consisted of two parts, the first of which was a pre-listening stage where participants
listened to a single speaker speech stimulus. In the second part, CP listening, participants were
given instructions to attend to one speaker from a ‘cocktail-party’ stimulus, i.e., a speech mixture
of two different speakers. After each trial, participants were required to answer multiple-choice
questions about the attended speech. This example illustrates the ‘attended known’ condition

(AK), where the pre-listening stage provides full prior knowledge about the target element of the
CP mix.
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4.4.1 Experimental conditions

Three conditions, namely, attended known (AK), unattended known (UK), and
no prior knowledge (NP), were employed in all studies. Within each experiment,
these conditions provided the listener with different degrees of knowledge about
individual streams of the CP listening stage. Generally, for the AK trials, the pre-
listening presentation matched with information contained in the target stream. In
UK trials, the pre-listening presentation matched with information contained in
the background stream. NP trials by contrast used pre-listening presentations with-
out any connection or prior exposure to either the attended or unattended stream
of the CP listening stage; these trials served as a control condition to assess base-
line performance across all experiments. Attentional target cues were instructed at
the start of the CP-listening stage, and were issued on the basis of leading or inter-
jecting order (“first/second”) of the asynchronous order mixture (Figure 1).

Each pre- and CP-listening stimulus was presented only once. Prior to the
main experimental session, participants performed a 3-trial practice session with
fixed, non-database stimuli that were specifically generated for this purpose. In all
experiments, all speakers varied from trial to trial, as random and unique stimuli
combinations were created per participant without stimulus replacement. All three
conditions were equally represented and randomly ordered during the experimen-
tal trials.

4.4.1.1 Experiment1

Experiment 1 (full priming) was designed for participants to gain prior knowl-
edge with a clean auditory stimulus that will later act as foreground or background
during masking at the selective attention stage. Therefore, for AK or UK trials the
pre-listening stimulus was identical to one of the two elements of the mixture. In
the AK condition, participants were instructed so that they effectively focus, dur-
ing CP-listening, on a target stream that is identical to the one presented in the
pre-listening period (Figure 1 shows this case). Conversely, in UK trials, partici-
pants were instructed so that they effectively disregard, during CP-listening, a
stimulus that is identical with the one presented during the pre-listening stage as it

now acted as the background stream. All stimuli were constructed using samples
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from D1. The task comprised 108 trials, and the total experimental session lasted

approximately 2.5 hours.

4.4.1.2 Experiment 2a

Experiment 2a (voice priming) was designed for participants to gain prior
knowledge with a speaker’s voice that will later act as foreground or background
during masking at the selective attention stage. NP trials were generated as in Ex-
periment 1, with stimuli from this condition also sampled or constructed from DI.
AK/UK trials were generated so that each new speaker presenting at pre-listening
corresponded with one of the two speakers of the mixture during cocktail presen-
tation. In the AK condition, participants were instructed so that they effectively
focus during CP-listening on a target stream whose speaker’s voice is the same as
presented in the pre-listening period, thus with voice-priming of the target. Con-
versely, in UK trials participants were instructed so that they effectively disregard,
during CP-listening, a speaker whose voice coincided with that during the pre-lis-
tening stage as it now acted as masker. This created voice-priming of the back-
ground stream. Because the same speaker was involved at both stages in the same
trial, we ensured that the repeating speaker stimuli pairs always involved two dif-
ferent sentences and contents. AK/UK stimuli were exclusively sampled or con-
structed from D2. We also discarded the possibility that repeated content sen-
tences (e.g., paraphrases) of the same or potentially two different speakers were
re-used at any point for a participant. The experiment consisted of 78 trials and the

total duration of the experimental session was approximately 1.5 hours.

4.4.1.3 Experiment 2b

Experiment 2b (content priming) was designed for participants to gain prior
knowledge with a spoken message that will later act as foreground or background
during masking at the selective attention stage. NP trials were generated as in the
previous experiments, with stimuli also sampled or constructed from D1. AK/UK
trials were generated so that each spoken message at pre-listening corresponded
with one of the two spoken messages of the mixture during cocktail presentation.
In the AK condition, participants were instructed so that they effectively focus, dur-
ing CP-listening, on a target stream whose message (i.e., paraphrase) matches the
one presented during the pre-listening period, thus with content-priming of the tar-
get. Conversely, in UK trials participants were instructed so that they effectively

disregard, during CP-listening, speech whose content coincided with the one pre-
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sented during the pre-listening stage as this stream now acted as a masker. In this
experiment, all speaker voices always differed from each other within and across
trials. AK/UK stimuli were exclusively sampled or constructed from D2. The pre-
sentation order of the paraphrase sentence pairs was equally counterbalanced
across participants. The task consisted of 78 trials, and the experimental session

lasted approximately 1 hour and 30 minutes.

4.5 Task questionnaire

For all experiments, participant behavior was assessed via a multiple-choice
questionnaire that was presented at the response stage screen. Based on stimulus-
specific information collected from the corresponding databases, 9 options were
generated for each trial. One of the options presented was related to vocal charac-
teristics, with possibilities including determining the voice’s gender (male or fe-
male) or age (young or advanced age) attributes, with equal probability. Four of
the additional options involved sentence keywords, randomly drawn from a list of
all 8 keywords from the attended and unattended stream (experiment 1) or 4 key-
words (experiments 2a and 2b). The remaining four options listed possible topics
of the target stream, which were presented based on a random selection of four out
of the 13 (experiment 1) or 14 (experiments 2a and 2b) categories. It was possible
that none of the presented topic options corresponded to either stream. The place-

ment of the nine different options was randomized for every trial.

4.5.1 Scoring system

In all three experiments, identifying an option that was correctly related to a
speaker’s voice (such as sex or age) earned one point. Selecting an option that
identified voice characteristics of the unattended speaker and not the attended one
always resulted in a point deduction (e.g., if participants had to attend to a
younger age and selected an older one). Similarly, each correctly chosen keyword
always awarded one point, and each selected keyword related to the unattended
speaker always deducted one point. Each correct topic selection earned one point,
but topic selections unrelated to the attended speech did not result in any point de-
ductions. In Experiment 1, not selecting any option resulted in a deduction of -2
points (equivalent to missing two correct keywords on average). In Experiments

2a and 2b, not selecting any option resulted in a score of 0 for the trial. Partici-
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pants received feedback on the trial score and on the accumulated score (see Fig-

ure 1).

4.6 Data Acquisition and Preprocessing

Presentations were made with PsychoPy3 software (Peirce, 2007). Electroen-
cephalography (EEG) data were recorded for all subjects using the BioSemi Ac-
tiveTwo 64 scalp channels system (BioSemi, The Netherlands), with 10/20 layout,
at a digitization rate of 2048 Hz with CMS/DRL (ground) and the tip of the nose
as reference electrodes. EEG subject data resampled at 1024 Hz were common
average-referenced to the 64 scalp channels, after which DC offset was removed.
A 5th order cascaded integrator-comb low-pass filter with -3 dB at 410 Hz was
applied online, after which signals were decimated to 1024 Hz. The online high-
pass response was fully DC coupled. Electrooculographic data were recorded,
supra- and infra-orbitally as well as from the left versus right orbital rim. Com-
plete experimental sessions lasted ~ 2.5 h.

Single channel data were subsequently (offline) and channels were subject to
an automated blind rejection procedure based ona variance-based criterion
(Junghofer et al., 2000). In order to account for individual differences that could
impact spatial filter estimation, a blind rejection procedure was applied to the
channel and trial time series, incorporating data from all participants simultane-
ously, with a confidence coefficient of A» = 4. The process was repeated exclu-

sively for external reference channels with a more restrictive confidence coeffi-

cient of A, = 2. Sensor and reference data sets were separately re-referenced
based on the channel sets median values, after which the channels rejection proce-
dure was again conducted. FastICA (Hyvarinen, 1999) was applied to minimize
the impact of general movement artifacts on the EEG data. Two independent
components were automatically selected for their maximal proportion of broad-
band power and projected out of the raw data. To further reduce ocular artefacts,
a time-shifted principal component analysis (de Cheveigné and Simon, 2008) was
applied to discard environmental signals recorded on the oculogram reference sen-
sors (shift: +4 ms). A sensor noise suppression algorithm (de Cheveigné and Si-
mon, 2008) was applied to attenuate artifact components specific to any single
channel (up to 63 neighbors). The blind variance-based rejection procedure was
repeated, resulting in fewer than 1% rejected single channel trial time series on
average (subject range 0.09 - 1.52%).
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To extract the reproducible denoising by spatial filtering (DSS) component,
first, EEG data were bandpass-filtered with a second-order Butterworth filter in
the 1 — 8 Hz region. To address variability across participants, which may affect
spatial filter estimation, the blind rejection procedure described above was per-
formed over channel and trial time series, including all participants’ data simulta-

neously and with a more restrictive confidence.

4.6.0.1 Spatial filtering

To emphasize signal reproducibility and generalization across subjects, joint
decorrelation (JD) (de Cheveigné and Parra, 2014; de Cheveigné and Simon,
2008) methods were implemented. For this, a generic spatial filter obtained after
solo speech listening data from a separate study (Vanthornhout et al., 2018) based
on the same EEG system was used with the aim to improve the SNR of speech re-
sponses in the present study and reduces dimensionality of single-trial, single
speaker speech listening EEG datasets. Joint decorrelation was trained on this full
independent dataset involving 28 listeners’ recordings during passive listening to a
14.5 minute long story and presented without noise (Vanthornhout et al., 2018).
The study files were pre-processed as described above, and each dataset was
epoched, downsampled to 32 Hz, and collated across all participants. The spatial
profile associated from this filter is represented in Figure 5, as the component
with maximal evoked/induced activity ratio (de Cheveigné and Simon, 2008).
This filter component represents the most reproducible aspect of evoked responses
and was selected as a single virtual sensor in all analyses, i.e., was retained and
applied to all subjects in the present studies. The procedure is effectively analo-
gous to sensor selection in standard ERP studies, solved here via a data-driven
method.

4.7 Temporal response function estimation

The Temporal Response Function (TRF) is a method to analyze the encoding
dynamics in neural recordings of neural time series data. The TRF is a linear sys-
tems tool that can be used to represent the neural response to changing auditory
input over time (Crosse et al., 2016). The stimulus S(t) was here represented by
the time series of the speech envelope onsets of pre-listening stimuli, Spreiistening(t),
and of CP stimuli, which was decomposed as Scockuil(t) = Sureet(t) + Smasker(t), Where
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the two-time series separately index the envelope onsets of the target and masker
stimuli, respectively. To correctly reflect the required task demands, we excluded
from neural tracking analyses all trials where participants earned non-positive
scores (10-20% of trials, see Behavioral results). For each stimulus category and
condition, all resulting single trial presentations were concatenated, resulting in
data equivalent to up to 15 min. presentation time (pre-listening) and 2.5 min.
(cocktail listening, each condition), per participant. The linear model is formulated

r(t) =3, TRF(T)S(t - T) + e()

where 1’(t) is the neural response predicted by the model TRF(T) under the
conditions set by the chosen stimulus representation S(¢), and €(¢) is the residual
contribution to the evoked response not explained by the linear model and cross-
validation was performed to prevent overfitting. TRFs were estimated by boosting
(David et al., 2007) between concatenated stimulus and EEG time series, scaled to
z-units, with 20 times cross-validation, and assessed at the -100 to 400 ms win-
dow. Each grand average TRF was obtained by averaging the individual TRFs

across participants.

4.8 Statistical analysis

We first determined the presence of general attentional effects (AEs) at the
cocktail party, to determine the time windows relevant for selection unbiased by
any priming effects. For this, non-parametric tests (Maris, 2011; Martin et al.,
2008) were applied using cluster-based non-parametric testing, corrected for mul-
tiple comparisons. We used subject TRFs from the no prior knowledge (NP) con-
dition across all three experiments (71 subjects, see Participants section). This also
served to compare our data with previous literature on the classic cocktail party
effect. For each contrast between NP-attended and NP-unattended TRFs, its t-
value time series was estimated and thresholded at the t distribution’s 0.05th per-
centile for randomisation-based testing. Any cluster exceeding the threshold was
deemed significant if its associated t-statistic (sum of t-values within the cluster)
exceeded the t-statistics estimated from the randomization distribution (Maris and
Oostenveld, 2007). Nonparametric statistical testing of EEG-and MEG-data. Jour-
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nal of neuroscience methods, 164(1), 177-190.. The distribution was estimated af-
ter N = 2" resamplings, each generated by random reshuffling between
attended/unattended conditions, per participant.

Once the relevant attentional windows were determined (P1, N1 and P2 com-
ponents, see Results), we examined the statistical interactions between prior expe-
rience (AK, UK, and NP conditions) and attention (attended and unattended con-
dition) by means of two-way repeated measures ANOVAs of time-averaged TRF
data as dependent variable, quantified per component and listener. To interpret
valid F-ratios, data sphericity violations were determined based on Mauchly test-
ing; for cases where sphericity could not be assumed, Greenhouse-Geisser (g <
0.75) or Huynh-Feldt (¢ > 0.75) corrections were applied (Field, 2017).

37



Chapter 5

Results

5.1 Behavioural results

5.1.1 Experiment 1- Full priming

Participants completed the task with accuracy, i.e., scored 1 point or more on
target-specific speech information, for greater than 50% of trials in all conditions,
indicating that the instructions were understood and generally answered correctly.
In the no prior knowledge conditions (NP), participants successfully performed
for most of the trials (mean success rate 80.9 + 1.6% SD). Given full prior knowl-
edge of the foreground (AK condition), the participants presented a higher per-
centage of correct answers on average (84.3 = 1.3%). Given full priming of the
background stimulus (UK condition), average performance decreased (79 =+
1.7%).

To compare the accuracy of CP-listening performance of the correct rates in
the three conditions, a one-way repeated measures ANOVA was performed on
participant data with prior knowledge condition as independent variable. There
was a significant main effect of prior knowledge (F(2, 66) = 5.093, p = 0.009).
Post-hoc pairwise comparisons of correct rates revealed a significant difference
between AK and UK conditions (corrected p = 0.001). As a result of target prim-
ing, improved performance was observed for known targets in comparison to
known maskers. However, neither the NP vs. UK (corr. p = 0.799) nor the AK vs.
NP (corr. p = 0.267) comparisons reached statistical significance. See Figure 2.
The behavioral data indicate that prior knowledge facilitated participants’ solving
of the cocktail party effect task when it carried information about the attended

stream compared to the unattended stream.
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Figure 2: Behavioural results in Experiment 1 - Full priming

Percentage of positive trial responses by prior knowledge condition. A significant effect of prior
knowledge about the full auditory stimulus was found, where target priming improves partici-
pants’ correct trials relative to masker priming (p < 0.001). Bars represent standard error of the
mean. The black divider line represents the distribution mean and the grey divider the median.

5.1.2 Experiment 2a - Voice priming

The participants generally performed as well as in Experiment 1 on the com-
prehension task, with greater than 80% of correct trials. The percentage of posi-
tive responses for trials without any prior knowledge (NP) was on average 89.4 +
4.7%. Given prior knowledge of the target speaker’s voice (AK), participants
achieved on average 81.7 £ 14.2% correct trials. Given prior knowledge of the
masker’s voice (UK), participants achieved on average 89.9 + 5.5% correct trials.

The accuracy of CP-listening performance of the correct rates in the three con-
ditions was analyzed using a one-way repeated measures ANOVA. There was no
significant main effect of prior knowledge (F(1.146, 17.190) = 3.941, p = 0.059).
See Figure 3.
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Figure 3: Behavioural results in Experiment 24 - Voice priming

Percentage of positive trial responses by prior knowledge condition. No significant effects of
prior knowledge about speaker’s voice were observed on CP task performance.

5.1.3 Experiment 2b - Content priming

The participants generally performed as well as in the previous experiments on
the comprehension task, with greater than 80% of correct trials. The percentage of
positive trial responses for trials without any prior knowledge (NP) was on aver-
age 90.1 £ 8.3%. Given prior knowledge of the target speaker’s voice (AK), par-
ticipants achieved on average 84.4 + 12.7% correct trials. Given prior knowledge
of the masker’s voice (UK), participants achieved on average 86.2 + 7.7% correct
trials.

The accuracy of CP-listening performance of the correct rates in the three con-
ditions was analyzed using a one-way repeated measures ANOVA. There was no
significant main effect of prior knowledge (F(2, 40) = 1.921, p = 0.160). See Fig-

ure 4.
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Figure 4: Behavioural results in Experiment 2b - Content priming

Percentage of positive trial responses by prior knowledge condition. No significant effects of
prior knowledge about speech content were observed on CP task performance.

5.2 Neural results

The relevant windows of auditory processing were first addressed for single
speaker (solo) speech using data from pre-listening stages, collated across all stud-
ies. See Figure 5. This clean speech grand-average TRF presented a characteristic
triphasic response, where a smaller positive deflection is observed within the first
50-78 ms, corresponding to the P1 component. A negative peak, N1, is observed
at approximately 125 ms. Furthermore, a greater positive peak, P2, emerges later
at approximately 200 ms. The relevant windows of auditory processing during the
CP stage were then defined from a non-parametric analysis of subject TRFs from
attended and unattended speech at the no prior knowledge (NP) condition across
all three experiments (71 subjects, see Statistical analysis). This initial test re-
vealed significant modulations of selective attention on the attended versus unat-
tended speech TRFs, 1) between 31-78 ms (corresponding to the P1 window), ii)
between 100-180 ms (N1 window), and iii) between 230-320 ms (P2 window), p
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= 1.5259x107°. For all three windows, the differences related a higher amplitude
for window-averaged TRF estimates to the target than the background speech.
The three component windows were then fixed for statistical analyses of TRF data

across all experiments.
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Figure 5: Auditory tracking of the envelope onset signals of solo and CP speech

A. Auditory EEG distribution from the top spatial component resulting from the data-driven spa-
tial filtering procedure that was applied to extract an auditory recording from EEG data (see Spa-
tial filtering). B. Auditory temporal response function (TRFs) of clean and cocktail-party speech.
Grand average of TRFs from 71 participants in pre-listening (clean speech condition, yellow)
and CP-listening (NP-attended, blue). In the pre-listening condition, participants listen to a single
speaker, which mimics optimal conditions for neural speech encoding. By contrast the NP-at-
tended TRF represents processing of a target under the relatively less intelligible cocktail party
paradigm. Despite differences in latency, three distinct responses are observed in auditory pro-
cessing across both paradigms, the positive P1 component, the negative N1, and the P2. Across
all studies, TRFs model the neural tracking of the envelope onsets of speech.

5.2.1 Experiment 1. Full priming

To investigate the statistical interaction between selective attention and prior
auditory experience/knowledge of a speech stimulus at each of the relevant speech
processing stages (P1, N1, P2), a two-way repeated measures ANOVA was con-
ducted per TRF component estimate of CP listening data.

5.2.1.1 P1

A two-way repeated measures ANOVA (Attention x Experience) conducted
on TRF estimates of the P1 component did not reveal a statistically significant in-
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teraction between selective attention and prior knowledge (F(2, 66) = 0.105, p =
0.901). At this early stage, there was a significant main effect of selective atten-
tion (F(1, 33) = 7.015, p = 0.012), and there was no significant main effect of
prior knowledge (F(1.662, 54.833) = 0.987, p = 0.366). The data suggest that,
while selective attention may modulate the neural tracking of onsets in the enve-
lope of speech at this early stage (Figure 6), this modulation may not be influ-
enced by prior experience of the target or masker auditory stimuli.
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Figure 6: Results from Experiment 1 - Full priming

A. TRF models of neural tracking of the envelope onsets from attended (blue) and unattended
speech (red), across prior knowledge conditions. The shaded areas represent the standard error of
the mean. The thick bars on the time axis represent analysis windows corresponding to the P1, N1,
and P2. The shaded areas represent the standard error of the mean. B. Interaction between attention
and prior knowledge at the P2 stage. TRF estimates of the P2 (230-320 ms) from attended and
unattended streams under AK, UK and NP conditions, where a significant decrease of the P2 corre-
sponding to the target stream is observed under priming.

5.2.1.2 N1
A two-way repeated measures ANOVA (Attention X Experience) conducted

on TRF estimates of the N1 component did not reveal a statistically significant in-
teraction between selective attention and prior knowledge (F(2, 66) = 1.488, p =
0.233). At this relevant stage, there was a significant main effect of selective at-
tention (F(1, 33) = 26.568, p < 0.001), and there was no significant main effect of
prior knowledge (F(2, 66) = 0.221, p = 0.802). The data are in agreement with
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previous findings that selective attention may modulate the neural tracking of on-
sets in the envelope of speech at this stage, with enhanced responses to the target
versus masker speech (Figure 6). The results however do not support the hypothe-
sis that such modulation is influenced by prior experience of the target or masker
auditory stimuli.

5213 P2

A two-way repeated measures ANOVA (Attention x Experience) conducted
on TRF estimates of the P2 component revealed a statistically significant interac-
tion between selective attention and prior knowledge (F(2, 66) = 4.745, p =
0.012). At this late stage, there was a significant main effect of selective attention
(F(1, 33) = 49.128, p < 0.001), and there was no significant main effect of prior
knowledge (F(2, 66) =2.927, p = 0.061). The data are also agreement with previ-
ous findings that selective attention may modulate the neural tracking of onsets in
the envelope of speech at this stage, with enhanced responses to the target versus
masker speech (Figure 5). The results however indicate that such modulation is in-
fluenced by prior experience of the target or masker auditory stimuli.

To address the significant interaction, the effect of prior knowledge was
evaluated on post-hoc analyses of attended and, separately, unattended speech . A
one-way repeated measures ANOVA (Experience) conducted on TRF estimates of
the P2 component related to the attended stream revealed a significant effect of
prior knowledge (F(2, 66) = 7.186, corr. p = 0.004). A similar analysis conducted
on estimates related to the unattended stream did not reveal a significant effect of
prior knowledge (F(2, 66) = 0.044, corr. p > 0.957). Hence, priming modulated
the neural coding of envelope onsets from the attended stream, while for unat-
tended streams these responses remained similar across priming conditions.

Subsequent post-hoc pairwise comparisons of TRF estimates of the attended
stream at the P2 stage revealed a significant difference between AK and NP con-
ditions (corr. p = 0.006). As a result of target priming, a considerably reduced P2
was observed for known targets in comparison to control conditions. However,
neither the NP vs. UK (corr. p = 0.289) nor the AK vs. UK (corr. p = 0.082) com-
parisons reached statistical significance. See Figure 6.

In summary, the results confirm that, in the cocktail party paradigm, selective
attention improves the neural tracking of envelope onsets from attended speech
compared to unattended speech at the P2 stage. This enhancement can be modu-

lated by prior experience, indicated by reduced tracking of envelope onsets from
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attended speech if the same single auditory stimulus has been fully primed. This

prior experience had an impact on the late neural tracking of attended speech.

5.2.2 Experiment 2a. Voice priming

To investigate the statistical interaction between selective attention and prior
auditory experience/knowledge of a speaker’s voice at each of the relevant speech
processing stages (P1, N1, P2), a two-way repeated measures ANOVA was con-
ducted per TRF component estimate of CP listening data.

5221 P1

A two-way repeated measures ANOVA (Attention x Experience) conducted
on TRF estimates of the P1 component did not reveal a statistically significant in-
teraction between selective attention and prior knowledge (F(2, 30) = 0.087, p =
0.917). At this early stage, there was no significant main effect of selective atten-
tion (F(1, 15) = 3.532, p = 0.080), and there was no significant main effect of
prior knowledge (F(2, 30) = 1.293, p = 0.289). The data from Experiment 2a do
not confirm the finding from Experiment 1 that selective attention may modulate
the neural tracking of onsets in the envelope of speech at this early stage. Similar
to Experiment 1, this component was not found to be influenced by prior experi-
ence of the target or masker speaker’s voice.

5.2.22 N1

A two-way repeated measures ANOVA (Attention x Experience) conducted
on TRF estimates of the N1 component did not reveal a statistically significant in-
teraction between selective attention and prior knowledge (F(1.416, 21.235) =
0.014, p = 0.958). At this relevant stage, there was a significant main effect of se-
lective attention (F(1, 15) = 17.179, p = 0.001), and there was no significant main
effect of prior knowledge (F(1.453, 21.792) = 2.496, p = 0.118). As in Experiment
1, the data are in agreement with previous findings of auditory object segregation
via enhanced responses to foreground versus background speech at this stage (Fig-
ure 7). Similarly, the results do not support the hypothesis that such modulation is

influenced by prior experience of the target or masker speaker’s voice.
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Figure 7: TRF results from Experiment 24 - Voice priming
TRF models of neural tracking of the envelope onsets from attended (blue) and unattended
speech (red), across speaker’s voice prior knowledge conditions. The shaded areas represent the
standard error of the mean. The thick bars on the time axis represent analysis windows corre-
sponding to the P1, N1, and P2.

5223 P2

A two-way repeated measures ANOVA (Attention x Experience) conducted
on TRF estimates of the P2 component did not reveal a statistically significant in-
teraction between selective attention and prior knowledge (F(2, 30) = 1.019, p =
0.373). At this late stage, there was a significant main effect of selective attention
(F(1, 15) = 16.108, p = 0.001), and there was no significant main effect of prior
knowledge (F(1.318, 19.771) = 1.009, p = 0.351). The data are also in agreement
with previous findings that selective attention may modulate the neural tracking of
onsets in the envelope of speech at this stage, with enhanced responses to the tar-

get versus masker speech (Figure 7). The results however do not support the hy-

46



pothesis that such modulation is influenced by prior experience of the target or

masker speaker’s voice.

5.2.3 Experiment 2b - Content priming

To investigate the statistical interaction between selective attention and prior
auditory experience/knowledge of voiced content at each of the relevant speech
processing stages (P1, N1, P2), a two-way repeated measures ANOVA was con-
ducted per TRF component estimate of CP listening data.

5.23.1 P1

A two-way repeated measures ANOVA (Attention x Experience) conducted
on TRF estimates of the P1 component did not reveal a statistically significant in-
teraction between selective attention and prior knowledge (F(2, 40) = 0.201, p =
0.819). At this early stage, there was a significant main effect of selective atten-
tion (F(1, 20) = 8.982, p = 0.007), and there was no significant main effect of
prior knowledge (F(2, 40) = 0.904, p = 0.413). The data from Experiment 2b
replicate the finding from Experiment 1 that selective attention may modulate the
neural tracking of onsets in the envelope of speech at this early stage. Similar to
Experiments 1 and 2a, this component was not found to be influenced by prior ex-

perience of the target or masker speech content. See Figure 8.

5.23.2 N1

A two-way repeated measures ANOVA (Attention x Experience) conducted
on TRF estimates of the N1 component did not reveal a statistically significant in-
teraction between selective attention and prior knowledge (F(2, 40) = 1.122, p =
0.336). At this relevant stage, there was a significant main effect of selective at-
tention (F(1, 20) = 8.025, p = 0.010), and there was no significant main effect of
prior knowledge (F(2, 40) = 0.663, p = 0.521). As in Experiments 1 and 2a, the
data are in agreement with previous findings of auditory object segregation via en-
hanced responses to foreground versus background speech at this stage (Figure 8).
Similarly, the results do not support the hypothesis that such modulation is influ-
enced by prior experience of the target or masker speech content.
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Figure 8: TRF results from Experiment 2b - Content priming
TRF models of neural tracking of the envelope onsets from attended (blue) and unattended
speech (red), across speech content prior knowledge conditions. The shaded areas represent the
standard error of the mean. The thick bars on the time axis represent analysis windows corre -

sponding to the P1, N1, and P2.

5233 P2

A two-way repeated measures ANOVA (Attention x Experience) conducted
on TRF estimates of the P2 component did not reveal a statistically significant in-
teraction between selective attention and prior knowledge (F(2, 40) = 0.664, p =
0.520). At this late stage, there was a significant main effect of selective attention
(F(1, 20) = 21.299, p < 0.001), and there was no significant main effect of prior
knowledge (F(2, 40) = 0.352, p = 0.706). See Figure 8. The data also confirm Ex-
periments 1 and 2a findings that selective attention may modulate the neural
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tracking of onsets in the envelope of speech at this stage, with enhanced responses

to the target versus masker speech. Similarly, to Experiment 2a, the results how-

ever do not support the hypothesis that such modulation is influenced by prior ex-

perience of the target or masker speech content.

Experiment
1 — Full

priming

2a— Voice
priming

2b — Content
priming

Effect

Attention

Experience
Attention x
Experience
Attention

Experience
Attention x
Experience
Attention

Experience
Attention x
Experience

P1(31-78 ms)
0.012
0.366
0.901

0.080
0.289
0.917

0.007
0.413
0.819

Table 3: Summary of neural results.
Summary of statistical significance levels for interactions and main effects across components
and experiments, during speech envelope onset EEG tracking. Bold entries indicate significant
effects (a<0.05).
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N1 (100-180 ms)

<0.001
0.802
0.233

0.001
0.118
0.958

0.010
0.521
0.336

P2 (230-320 ms)

<0.001
0.061
0.012

0.001
0.351
0.373

<0.001
0.706
0.520



Chapter 6

Discussion

6.1 General discussion

In demanding auditory situations, like a party, the human brain must allocate
necessary resources to process relevant information. Prior experience with voiced
speech input may enable the brain to form predictions that influence how speech
is processed at subsequent times (Daly and Pitt, 2023; Pinto et al., 2019). Given
the simultaneous operation of two complex cognitive mechanisms, attention and
experience, this study investigated the impact of prior knowledge on the selective
processing of speech during a ‘cocktail party’ task. Auditory processing in the hu-
man cortex was addressed using temporal response function (TRF) models from
single-trial EEG recordings. To evaluate the effects of priming elements of speech
in multi-talker environments, we focused on the three stages that were identified
as modulated by attention, and which are typically associated with speech pro-
cessing of envelope onset cues. Three experiments were designed to address
whether and when does prior knowledge impact processing — from priming based
on the lower-level analyses of acoustic features of vocal cues, to priming based on

the higher-level analyses of lexical and semantic content.

In line with previous results, our data confirm findings of significantly en-
hanced N1 and P2 components of the TRF for attended compared with unattended
speech, two processing stages typically modulated by selective attentional mecha-
nisms. The main result of this work is however the observation of a significant in-
teraction between attention and experience, observed during the late stage of en-
velope onset processing. Specifically, a reduction in the P2 component encoding
of the attended stream was observed when the target was fully primed, i.e., when
the identical auditory stimulus was presented masker-free beforehand. As for per-
formance, target priming facilitated the comprehension compared to masker prim-
ing. We further provide some evidence of a modulatory effect of selective atten-

tion on the P1 stage.
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6.2 Cortical processing under full auditory priming

of a cocktail party speech stimulus

Behavioural responses showed that clean primed auditory objects promoted
accurate comprehension when they subsequently acting as targets amid masking,
then as the competing maskers of an unprimed target. These behavioural results
are consistent with enhanced object detection by prior experience, resulting in a
benefit to selective attention when the same object is a target, but interfering with
by attentional capture it if presented as a distractor. Secondly, in the masker prim-
ing condition, the performance was poorer, suggesting an interference effect due

to previous experience.

In parallel, neural responses of listeners to each speech object were analysed
using the TRF technique (Crosse et al., 2016). Mapping from acoustic envelope
onset features of each speech stimulus to their corresponding cortical tracking dy-
namics, listeners’ neural responses were compared according to whether target or
masker objects were primed or not. Mirroring cortical tracking results from clean
speech “pre-listening” conditions, the neural representation of both target and
masker auditory objects was found to display a similar triphasic structure, albeit
with amplitude and delay variations in the P1, N1, and P2 components of attended
and unattended streams. At the early stage of processing (P1), the temporal re-
sponse functions (TRFs) of both streams were similar in terms of prior experience.
We obtained evidence of an attentional modulation in the P1 stage, which was
however not modulated by prior experience. While the P1 component is
associated with the facilitation of sensory processing (Haykin and Chen, 2005),
task-relevant visual spatial attention has been shown to enhance P1 (Luck, et al.,
1990). Although this is typically observed in visual processing, similar attentional
mechanisms may be implicated in auditory processing in this context (Brodbeck et
al., 2020).

Our results also replicated the characteristic modulation of the N1 component
by attention, in the form of a significant enhancement of the attended stream com-

pared to the unattended speech, across condition. This represents a stage of pro-
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cessing proposed to reflect auditory object formation and segregated (Ding and Si-
mon, 2012).

Importantly, the full priming study results indicated a modulation of attention
and experience, with a significant interaction between attention and experience in
the P2 processing stage. The result suggests that knowledge of a clean speech
stimulus prior to its repetition in masked ‘cocktail-party’ form leads to reduced
neural processing, as participants may anticipate with clarity the full auditory ob-
ject, in particular, when to expect its temporal edges. These results are consistent
with findings that precise temporal expectations about the occurrence and type of
speech sounds lead to reduced P2 (and possibly even also N1) components (Pinto
et al., 2019). In their study, the researchers addressed speech perception using syl-
lables and audiovisual stimuli presentations. The conditions of their study in-
cluded complementing the auditory stream with visual cues of the presentation
timing and/or of lexical identity, both of which were effective to reduce the com-

ponents’ level of activation.

The present findings demonstrate that the neural mechanisms involved in se-
lective attention may be subject to modulatory changes by repetition suppression.
In the case of the P2 stage, commonly associated with semantic processing (Brod-
erick et al., 2020), cortical activity still prioritized the parsing and segmentation of
auditory events associated with the attended speaker suppressing; yet, prior expo-
sure to its clean version led to activity reduction. In interpretations from predictive
coding frameworks, coincidence with prior expectations produces a reduction in
prediction error responsible for reduced neural activity (Broderick et al., 2019;
Park et al., 2023). The decrease may also be due to differing parsing and segmen-
tation processes normally cued by onsets of the speech envelope, for example,
through diminished populations of neurons or narrower timeframes involved
(Grill-Spector et al., 2006). The effective attenuation through gradual learning
suggests an adaptive response that is based on task demands, introduced by the

neural savings made when of re-processing, e.g., re-segmenting, the target stream.
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6.3 Cortical processing under voice priming of a

cocktail party speech stimulus

In Experiment 2a, participants underwent a pre-listening phase where they
may be exposed to the speaker’s voice. We had hypothesized that this brief expe-
rience may influence their perception of the same speaker presented within a com-
peting masker, and the neural processing associated with segregating new sen-
tences.

The performance data did not show a modulation by prior experience of
speaker voice on the task. Previous research suggests the influence of voice famil-
iarity on speech processing in scenarios with competing stimuli, when such expe-
rience has been gained over the long-term (Johnsrude et al., 2013). However,
whether performance improvements by experience of voice stands under masking
as it does in clean condition remains unclear (Daly and Pitt, 2023). Whether par-
ticipants achieve greater accuracy under masker priming with long-term familiar
voices may be worth further investigation in future studies, as familiarity with vo-
cal musical distractors has been shown to assist enhance task comprehension
(Brown and Bidelman, 2022) for instance.

In terms of neural encoding, attentional modulations were first observed at the
N1 component, with the attended response eliciting a larger amplitude compared
to the unattended response. As in the previous experiment, a similar modulation
was found at the P2 component but, by contrast, this time we did not find any sig-
nificant interaction effects with prior knowledge, such as activity reductions by
target priming. It is important to note that, in this experiment’s comprehension
task, participants solved the cocktail party for an unknown message. In this case,
the envelope onsets from the target speech (or the masker) yield a different tempo-

ral pattern as the sentence content has changed, despite the voice being the same.
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6.4 Cortical processing under content priming of a

cocktail party speech stimulus

In Experiment 2b, we examined the impact of prior knowledge about high-
level lexical and sentential semantic information on neural segregation of speech.
Participants first underwent a brief pre-listening phase where they could be ex-
posed to a clean sentence that paraphrased one of the two speech stimuli, from
two new, independent speakers, at the upcoming cocktail party mixture. We did
not find that such prior exposure influenced their comprehension in the task how-
ever, as behavioural results revealed similar performance levels across conditions.
As in Experiment 2a the target stimulus was not identically distributed over time
as the primed subset of information about the target, which may matter for seg-
mentation purposes. The null behavioral results of prior experience may suggest
that partial foreknowledge of the message may not be sufficient to predict speech
in the current behavioral task, which demands detailed speech information on
short (e.g., ~10 s) timeframes.

In terms of neural processing of speech envelope onsets, the P1 responses
showed a significant attentional effect, as in Experiment 1, suggesting early atten-
tional segregation around 50 ms post-stimulus. Auditory responses at this staga
may be dominated by excitatory activity triggered by the auditory scene's acoustic
characteristics and physical features (Grunwald et al., 2003; Lewald and Getz-
mann, 2015), which have been linked to bottom-up mechanisms and potentially
subject to interaction with top-down processes (Shinn-Cunningham, 2008). In the
case of the N1 component, we again found an enhanced response for the attended
stimulus compared to the unattended stream across priming conditions. The mod-
ulation was not influenced by prior semantic knowledge, which was a consistent
null result across studies. Moreover, in the present study, as in Experiment 2a, we
did not find any significant interaction by experience with selective attention at
the level of the P2 component. In both cases, the temporal patterns of onsets in the
envelope of individual speech streams did not coincide with the clean speech pre-
sented at pre-listening stage. We propose that he lack of repetition suggestion here
suggests that this stage may be directly concerned with top-down processing lead-
ing to segmentation of an ‘unmasked’ representation of the stimulus generated

post the N1 stage.
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6.5 Auditory processing of clean and masked speech

Our results are generally consistent with observations that the auditory pro-
cessing of clean and masked speech are processes that occur in stages. Our find-
ings include evidence of cortical encoding of transient increases in the speech en-
velope that is organized in a triphasic profile, as in previous studies (Fiedler et al.,
2019; Gansonre et al., 2018, Kraus et al., 2021; Wikman, et al., 2024, Peterson ct
al., 2017, Han, 2010). It begins with a small positive deflection that reaches its
peak within 50 ms of the encoding response, corresponding to the P1 component
that is also observed in the ERP literature. The P1 component has been associated
with acoustic feature analysis of speech, involving Heschl’s gyrus in primary au-
ditory cortex (Brodbeck et al., 2020). Neural generators of the P1 may also in-
clude the hippocampus, the planum temporale posterior to the auditory cortex, and
the lateral temporal cortex (Han, 2010). This stage is often related with bottom-up
processing, and may be relevant for processing target features, such as timbre, in-
tensity, or location (Nakagawa et al., 2014). After the P1, the N1 emerges as a
negative peak around 125 ms. Evidence suggests that this component plays a cen-
tral role in auditory segregation, since it is modulated by top-down mechanisms
that influence auditory selectivity according to task demands (Hillyard 1973;
Ding & Simon 2012; Zion Golumbic et al., 2013; Brodbeck et al., 2020; Fiedler et
al., 2019). At a later stage of processing (approximately 200 ms latency), the P2
appears as a prominent positive peak (Alain and Tremblay, 2007, Wang et al.,
2020, Verschueren et al., 2018). The P2 component could be considered in rela-
tion to the auditory encoding of the effectively tracked target, including access to
its higher-order lexical and contextual information. Yet, the extent to which ig-
nored stream information remains processed at this stage is unclear, as there are
magnetoencephalography reports of residual representations in place (Brodbeck et
al., 2020). Using EEG, Fiedler et al. (2019) for instance did not find neural track-
ing of the ignored speaker at the P2 stage.
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Chapter 7

Conclusions

The cocktail party scenario presents a challenge for current studies of auditory
processing. This thesis set out to survey the involvement of priming effects on
neural responses to speech temporal cues that are modulated by selective attention
in the cocktail party. The study found evidence of such interaction as a result of
full prior knowledge of the target, which led to reduced P2 activation. While sub-
stantial, the reduction nevertheless did not override the attentional enhancement
effect that is usually observed at this late stage of processing. The neural changes
were in this case accompanied by behavioral benefits of increased accuracy in the
comprehension task, underscoring an improved target detection under a now facil-
itated selective attention process. Critically, the reduction was exclusive to prim-
ing of the identical target sequence at the clean speech. The reduction, and gener-
ally, interaction, disappeared in cases of partial experience of target information,
including prior knowledge of the speakers’ voice or of the speech content. Be-
cause of this, we consider that P2 envelope onset coding may involve the opera-
tion of segmenting the neurally unmasked version of target speech, a process that
would have only been repeated under full priming conditions here. As for the N1
component, our results systematically confirmed known attentional modulation ef-
fects, for a stage that is considered to reflect the formation and segregation of au-
ditory objects. Contrary to a previous report (Wang et al., 2019), we did not ob-
serve evidence of priming at this stage. In additionally, new findings are reported
for the P1 stage of processing (P1) of a weak selective attentional effect, which
suggest the early presence of biased representations of a speech mixture with par-
tial filtering of irrelevant information. Overall, the thesis contributes valuable in-
sights into the implications of priming effects on neural mechanisms underlying
selective attention in complex listening environments. This provides avenues for

further research in auditory processing and attention.

56



Chapter 8

Limitations

Moving forward, incorporating experimental designs that encompass a holistic
view of the complex phenomenon of learning in the cocktail party problem is cru-
cial. This necessitates venturing beyond unimodal auditory interventions and in-
corporating natural contexts that integrate multimodal input, reflecting the real-
world scenarios where listeners actively engage with speech. Our initial aim was
to investigate auditory processing under at least two levels of priming, voice and
content, yet our general approach was limited to the coding of the speech enve-
lope onsets, a low-level auditory feature. Behavior was further assessed against
anovel scoring system that may not have accounted relatively more for higher-
level semantic processing such as words and topic than low-level auditory pro-
cessing, such as gender and age recognition. Future studies may use different
tasks and scoring systems to specifically evaluate outcomes of specific low-level
auditory or high-level semantic processing.

Furthermore, as the study set out to address the interaction between attention
and experience, the sample size differed across the three experiments which may
have resulted ininconsistent observations of the weak attentional effect at the P1
stage. This effect was present across the larger collection of control data (N=72,
NP trials), and was replicated in the Full priming (N=35, all conditions) and Con-
tent priming (N=21, all conditions) experiments. The early attentional modulation
only appeared to approach marginal statistical significance in the Voice priming
(N=16) experiment. For this, a power analysis is recommended in future research
aiming to confirm this early effect of attentional selection to guarantee an ade-

quate sample size in its detection.
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Chapter 9

Scientific communications

The results or partial results of this work have been presented in regional and

international conferences:

» Sanchez-Costa, T, Cervantes Constantino, F.; Carboni, A. (2023). Selective
attention and the priming effect in the cocktail party problem: a psy-
chophys- iological study. Presented at Jornada de Investigacion de Ciencias
Cognitivas y del Comportamiento, Uruguay, Montevideo.

» Sanchez-Costa, T, Cervantes Constantino, F.; Carboni, A. (2023). How do
attention and experience interact in the cocktail party problem?. Presented at
Sociedad de neurociencias del Uruguay, Montevideo.

» Sanchez-Costa, T, Cervantes Constantino, F.; Carboni, A. (2022). “Commu-
nication in humans: might familiarity affect how we attend to the environ-
ment?”. Presented at Humboldt Kolleg Montevideo.

» Sanchez-Costa, T, Cervantes Constantino, F.; Carboni, A. (2022). Cortical
dynamics of speech processing in the cocktail party: Enhancement effects of
masker priming. Presented at Falan congress, online.

» Cervantes Constantino, F.; Carboni, A.; Sanchez-Costa, T. (2022). Atten-
tion and expectation interacting modulations in the auditory cocktail party.
Presented at International Conference in Cognitive Neuroscience, Helsinki,
Finland

» Sanchez-Costa, T.; Carboni, A.; Cervantes Constantino, F. (2021). Enhance-
ment dynamics of cortical representations by masker priming during atten-
tional selection in the cocktail party problem. Presented at Advances and
Perspectives in Auditory Neuroscience, online. Selected as a poster teaser.

» Séanchez-Costa, T.; Carboni, A.; Cervantes Constantino, F. (2021). The en-
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hancement effects of background knowledge on selective auditory attention:

an analysis of cortical responses in the cocktail party problem. Presented at Soci-
ety for Neuroscience, online.

» Sanchez-Costa, T.; Carboni, A.; Cervantes Constantino, F. (2021).

Dindmica de la corteza cerebral en el procesamiento del habla para el

“efecto de fiesta de coctel”: interaccion entre atencion y experiencia. Pre-

sented at Jornada Interdisciplinaria de Ciencias Cognitivas, Montevideo.
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Figure 9. Information sheet presented to participants

Hoja de informacioén - PCCP

UNIVERSIDAD ‘w

DE LA REPUBLICA Facultad de
URUGUAY Psicologia

Hoja de informacidén para participantes

Se le entregard una copia de esta hoja de informacién para que la conserve como
referencia.

Titulo del proyecto: Codificacién predictiva en el efecto de fiesta de coctel

Este estudio cuenta con aval para ejecucién por el Comité de Etica en
Investigacion de la Facultad de Psicologia de la UdelaR.

Nombre: Dr. Francisco Cervantes

Datos de contacto: Centro de Investigacién Basica en Psicologia, Tristan Narvaja
1674, Montevideo 11.200.
Correo electronico: fcervantes@psico.edu.uy

¢A quién estamos reclutando?

Nos gustaria invitar a personas de 18 a 35 afios de edad, para participar de
forma voluntaria en una investigaciodn psicoldgica. Estamos buscando personas que
completen una tarea conductual y un registro de datos fisioldgicos mediante
electroencefalografia (EEG).

Detalles del estudio

Nos gustaria invitarle a participar en este proyecto de investigacidn. Solo debe
participar si quiere hacerlo; elegir no participar no le perjudicard de ninguna
manera. Si elige participar, tiene la oportunidad de retirarse en cualquier
momento, sin dar ninguna razén.

¢Por qué estamos haciendo este estudio?
Deseamos entender cémo algunas personas orientan su atencidén a hablantes del
entorno.

Para probar esto, usaremos algunas tareas sencillas por computadora y
cuestionarios. Se le pedird que escuche ciertos elementos hablados en donde
atendera selectivamente a algunos mensajes e ignorara otros simultaneamente.

¢Qué pasara durante la prueba?

Necesitard venir al Centro de Investigacioén Basica en Psicologia de la UdelaRr,
Dr. Tristan Narvaja 1674, Montevideo. Luego de verificar si es elegible para
participar, y que no hay factores que puedan impedirle participar, y de leer y
refrendar el formulario de consentimiento, llenard cuestionarios que miden
rasgos psicolégicos relevantes a la atenciodn.

Le colocaremos un gorro de EEG (electroencefalografia), una técnica no invasiva
e indolora. E1l procedimiento implica frotar suavemente el cuero cabelludo para
quitar el cabello de los electrodos. Se le dejara un gel conductor en el cuero
cabelludo, que podrd lavar en la sala de pruebas al final.
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Hoja de informacioén - PCCP

No debe participar si no se siente comodo o comoda con el gorro ajustado y el
gel aplicado en el cuero cabelludo. El gorro del EEG podria dejar algunas marcas
rojas leves en la frente donde los electrodos presionan contra la piel. Estos no
son dolorosos y se desvaneceran a los pocos minutos de quitar la gorra.

Cuando la gorra se coloque, completard las tareas de computadora antes
indicadas. La sesidén experimental (menos preparacioén) durard aproximadamente 1
hora.

¢COomo se almacenaran mis datos?

Toda la informacién que se recopila sobre usted durante el curso de la
investigacién se mantendra estrictamente confidencial y se almacenara de forma
segura, de manera electrénica o en repositorios bloqueados, con su nombre
reemplazado por un cédigo numerado para que no pueda ser identificado. (Ref: Ley
N° 18.331, 11-08-2008).

Nota: Si tiene mas preguntas sobre este estudio, no dude en ponerse en contacto
con los investigadores enviando un correo electrénico a fcervantes@psico.edu.uy

Si decide participar, todavia puede retirarse en cualquier momento y sin dar una
razon. Comparta esta informacion anterior con otros si desea o preguntenos si
hay algo que no esté claro o si desea obtener mas informacioén.

Por favor tenga en cuenta que NO PUEDE participar si:

1. Ha participado en este estudio con anterioridad.

2. Sufre de cualquier problema de salud fisica o mental importante.

3. Presenta visién y/o audicién no corregidas.

4. Ha consumido ciertas sustancias psicoactivas recientemente, por lo menos 24
horas antes de la sesién de prueba.

5. Tiene un peinado permanente como rastas, trenzas, etc., lo que significa que
no podremos colocarle un gorro de EEG.

Este estudio cuenta con el aval para ejecucién por el Comité de Etica en la
Investigacién de la Facultad de Psicologia de la Universidad de la Republica (ID
de proyecto)
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Figure 10. Informed consent

‘!’J Ez;iggfggcl’lae c I B P Si cibpsi@psico.edu.uy

CENTRO DE INVESTIGACION www.cibpsi.psico.edu.uy

UNIVERSIDAD DE LA REPUBLICA BASICAEN PSICOLOGIA Tel.: (598 2) 400 85 55 / Int. 285-286

Hoja de consentimiento informado

Nombre del proyecto: Codificacién predictiva en el efecto de fiesta de coctel.

Yo, (nombre y apellidos):

DECLARO que:

He leido la hoja de informacion que se me ha entregado con respecto al presente proyecto (resumen
anexo)
He podido hacer preguntas sobre el estudio y me las han respondido satisfactoriamente.
He recibido suficiente informacion sobre el estudio, conozco sus objetivos, el tiempo que durara mi
participacion en €l y que tipo de actividad que deberé realizar.
Reconozco que la informacion que yo provea en el curso de esta investigacion es estrictamente
confidencial y no sera usada para ningun otro proposito fuera de los de este estudio sin mi
consentimiento.
Comprendo que mi participacion es voluntaria y libre y que puedo retirarme del estudio:

Cuando quiera.

Sin tener que dar explicaciones.

Sin que esto represente perjuicio alguno sobre mi persona
e Entiendo que una copia de esta ficha de consentimiento me sera entregada, y que puedo pedir

informacion sobre los resultados de esta investigacion cuando ésta haya concluido.

Por lo anteriormente dicho, presto libremente mi conformidad para participar en el estudio

Montevideo,

Firma del participante

Aclaracion del participante:

Firma del investigador

Aclaracion del investigador:

Por cualquier consulta puede dirigirse a:

Dr. Francisco Cervantes Constantino

Centro de Investigacion Basica en Psicologia
Facultad de Psicologia, Universidad de la Republica
Tristan Narvaja 1674, Montevideo
feervantes@psico.edu.uy

=

Tristdn Narvaja 1674 CP 11200 Tel.: (598) 2 400 85 55 Fax:(598) 2 400 86 40
Montevideo, Uruguay www.psico.edu.uy
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CENTRO DE INVESTIGACION www.cibpsi.psico.edu.uy
UNIVERSIDAD DE LA REPUBLICA BASICA EN PSICOLOGIA Tel.: (598 2) 400 85 55 / Int. 285-286

Resumen de la Hoja de informacion

Nos gustaria invitarle a participar en este proyecto de investigacion. Solo debe
participar si quiere hacerlo; elegir no participar no le perjudicara de ninguna manera.
Si elige participar, tiene la oportunidad de retirarse en cualquier momento, sin dar
ninguna razon.

Si usted elige participar, usaremos algunas tareas sencillas por computadora y
cuestionarios. Se le pedird que escuche ciertos elementos hablados en donde
atenderd selectivamente a algunos mensajes e ignorara otros simulté&neamente.

Le colocaremos un gorro de EEG (electroencefalografia), una técnica no invasiva e
indolora. Se le dejard un gel que podrd lavar en la sala de pruebas al final.

No debe participar si no se siente cémodo o cémoda. E1l gorro del EEG podria dejar
algunas marcas rojas leves en la frente donde se presiona contra la piel. Estos
no son dolorosos y se desvaneceran a los pocos minutos de quitar la gorra.

Cuando la gorra se coloque, completara las tareas de computadora antes indicadas.
La sesidén experimental (menos preparacién) durard aproximadamente 1 hora.

Toda la informacidén que se recopila sobre usted durante el curso de la investigaciodn se
mantendra estrictamente confidencial y se almacenara de forma segura.

<En caso de ser aprobado: Este estudio cuenta con el aval para ejecucién por el Comité
de Etica en la Investigacion de la Facultad de Psicologia de la Universidad de la
Republica (ID de proyecto)>

Tristdn Narvaja 1674 CP 11200 Tel.: (598) 2 400 85 55 Fax:(598) 2 400 86 40

Montevideo, Uruguay www.psico.edu.uy
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CENTRO DE INVESTIGACION www.cibpsi.psico.edu.uy
UNIVERSIDAD DE LA REPUBLICA BASICA EN PSICOLOGIA Tel.: (598 2) 400 85 55 / Int. 285-286

Hoja de consentimiento informado

Nombre del proyecto: Codificacién predictiva en el efecto de fiesta de coctel.

Yo, (nombre y apellidos):

DECLARO que:

e He leido la hoja de informacion que se me ha entregado con respecto al presente proyecto (resumen
anexo)

e He podido hacer preguntas sobre el estudio y me las han respondido satisfactoriamente.

e He recibido suficiente informacion sobre el estudio, conozco sus objetivos, el tiempo que durara mi
participacion en €l y que tipo de actividad que deberé realizar.

e Reconozco que la informacion que yo provea en el curso de esta investigacion es estrictamente
confidencial y no sera usada para ningun otro proposito fuera de los de este estudio sin mi
consentimiento.

e Comprendo que mi participacion es voluntaria y libre y que puedo retirarme del estudio:

Cuando quiera.
Sin tener que dar explicaciones.
Sin que esto represente perjuicio alguno sobre mi persona
e Entiendo que una copia de esta ficha de consentimiento me sera entregada, y que puedo pedir
informacion sobre los resultados de esta investigacion cuando ésta haya concluido.
Por lo anteriormente dicho, presto libremente mi conformidad para participar en el estudio
Montevideo,
Firma del participante
Aclaracion del participante:

Firma del investigador
Aclaracion del investigador:

Por cualquier consulta puede dirigirse a:

Dr. Francisco Cervantes Constantino

Centro de Investigacion Basica en Psicologia
Facultad de Psicologia, Universidad de la Republica
Tristan Narvaja 1674, Montevideo
feervantes@psico.edu.uy

Tristdn Narvaja 1674 CP 11200 Tel.: (598) 2 400 85 55 Fax:(598) 2 400 86 40

Montevideo, Uruguay www.psico.edu.uy
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Figure 11. Figure A.3: Edinburgh Handedness Inventory

CUESTIONARIO DE DOMINANCIA MANUAL DE EDINBURGH
(QUE MANO UTILIZA PARA? DERECHA | IZQUIERDA [ PUNTOS

escribir 1-2.3-4-5
dibujar 1-2-3-4-5
lanzar un objeto 1-2-3-4-5
lavarse los dientes 1-2-3-4-5
utilizar un cuchillo (sin tenedor) 1-2-3-4-5
cortar con tijeras 1-2-3-4-5
comer con la cuchara 1-2-3-4-5
barrer (la mano que coloca arriba) 1-2-3-4-5
rascar una cerilla 1-2-3-4-5

levantar la tapa de una caja 1-2-3-4-5

GB neuropediatra.org—

Instrucciones: marque la casilla de la mano que prefiere con

+ unacruzsies lamano que utiliza de modo preferente

++ dos cruces, si es la mano que utiliza de modo muy preferente y ademas le resultaria imposible o muy
dificil hacerlo con la otra mano

+ unacruz, en las dos casillas cuando pueda hacerlo tan bien con una mano como con la otra

Puntos:
5 si ++solo en la mano izquierda
4 si +solo en la mano izquierda
3'si+ en manos izquierda y derecha
2 si +solo en lamano derecha
1si ++ solo en la mano derecha

Resultado:
El resultado maximo son 58 puntos, el minimo 10.

Cuanto mas cerca a 50 puntos mas zurdo, cuanto mas cerca a 10 mas diestro.

Nota: los resultados de este cuestionario no tienen valor clinico si no se contrastan con su médico. Si por
razones médicas necesita examinar su preferencia manual debe consultar con su médico.

Referencia: EDINBURGH HANDEDNESS INVENTORY (Oldfield, 1971; Bryden, 1977).

éB MJ Mas - Neuropediatra
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CUESTIONARIO DE DOMINANCIA MANUAL DE EDINBURGH

escribir

dibujar

lanzar un objeto

lavarse los dientes

utilizar un cuchillo (sin tenedor)
cortar con tijeras

comer con la cuchara

barrer (la mano que coloca arriba)

rascar una cerilla

levantar la tapa de una caja
@neuropediatra.org

Instrucciones: marque la casilla de la mano que prefiere con

+ unacruz,sies lamano que utiliza de modo preferente

++ dos cruces, si es la mano que utiliza de modo muy preferente y ademas le resultaria imposible o muy
dificil hacerlo con la otra mano

+ unacruz, en las dos casillas cuando pueda hacerlo tan bien con una mano como con la otra

Puntos:
5 si ++solo en la mano izquierda
4 si +solo en la mano izquierda
3'si+ en manos izquierda y derecha
2 si +solo en lamano derecha
1si ++ solo en la mano derecha

Resultado:
El resultado maximo son 50 puntos, el minimo 10.
Cuanto mas cerca a 50 puntos mas zurdo, cuanto mas cerca a 10 mas diestro.

Nota: los resultados de este cuestionario no tienen valor clinico si no se contrastan con su médico. Si por
razones médicas necesita examinar su preferencia manual debe consultar con su médico.

Referencia: EDINBURGH HANDEDNESS INVENTORY (Oldfield, 1971; Bryden, 1977).
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CENTRO DE INVESTIGACION www.cibpsi.psico.edu.uy
UNIVERSIDAD DE LA REPUBLICA e Tel.: (598 2) 400 85 55 / Int. 285-286

Resumen de la Hoja de informacion

Nos gustaria invitarle a participar en este proyecto de investigacion. Solo debe
participar si quiere hacerlo; elegir no participar no le perjudicara de ninguna manera.

Si elige participar, tiene la oportunidad de retirarse en cualquier momento, sin dar
ninguna razon.

Si usted elige participar, usaremos algunas tareas sencillas por computadora y
cuestionarios. Se le pedira que escuche ciertos elementos hablados en donde
atendera selectivamente a algunos mensajes e ignorara otros simultaneamente.

Le colocaremos un gorro de EEG (electroencefalografia), una técnica no invasiva e
indolora. Se le dejara un gel que podra lavar en la sala de pruebas al final.

No debe participar si no se siente comodo o comoda. El1 gorro del EEG podria dejar
algunas marcas rojas leves en la frente donde se presiona contra la piel. Estos
no son dolorosos y se desvaneceran a los pocos minutos de quitar la gorra.

Cuando la gorra se coloque, completara las tareas de computadora antes indicadas.
La sesidn experimental (menos preparacion) durara aproximadamente 1 hora.

Toda la informacion que se recopila sobre usted durante el curso de la investigacion se
mantendra estrictamente confidencial y se almacenara de forma segura.

<En caso de ser aprobado: Este estudio cuenta con el aval para ejecucion por el Comité

de Etica en la Investigacion de la Facultad de Psicologia de la Universidad de la
Republica (ID de proyecto)>

Tristan Narvaja 1674 CP 11200 Tel.: (598) 2 400 85 55 Fax:(598) 2 400 86 40
Montevideo, Uruguay www.psico.edu.uy
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‘w Pas(ig()tflogi; C I B PS' cibpsi@psico.edu.uy

CENTRO DE INVESTIGACION www.cibpsi.psico.edu.uy
UNIVERSIDAD DE LA REPUBLICA BASICA EN FSICOLOGIA Tel.: (598 2) 400 85 55/ Int. 285-286

Hoja de consentimiento informado

Nombre del proyecto: Codificacion predictiva en el efecto de fiesta de coctel.

Yo, (nombre y apellidos):

DECLARO que:

e He leido la hoja de informacion que se me ha entregado con respecto al presente proyecto (resumen
anexo)

e He podido hacer preguntas sobre el estudio y me las han respondido satisfactoriamente.

e He recibido suficiente informacion sobre el estudio, conozco sus objetivos, el tiempo que durara mi
participacion en €l y que tipo de actividad que deberé realizar.

e Reconozco que la informacion que yo provea en el curso de esta investigacion es estrictamente
confidencial y no sera usada para ningun otro proposito fuera de los de este estudio sin mi
consentimiento.

e Comprendo que mi participacidn es voluntaria y libre y que puedo retirarme del estudio:

Cuando quiera.
Sin tener que dar explicaciones.
Sin que esto represente perjuicio alguno sobre mi persona
e Entiendo que una copia de esta ficha de consentimiento me serd entregada, y que puedo pedir
informacion sobre los resultados de esta investigacion cuando ésta haya concluido.
Por lo anteriormente dicho, presto libremente mi conformidad para participar en el estudio
Montevideo,
Firma del participante
Aclaracion del participante:

Firma del investigador
Aclaracion del investigador:

Por cualquier consulta puede dirigirse a:

Dr. Francisco Cervantes Constantino

Centro de Investigacion Basica en Psicologia
Facultad de Psicologia, Universidad de la Republica
Tristan Narvaja 1674, Montevideo
fcervantes@psico.edu.uy

Tristan Narvaja 1674 CP 11200 Tel.: (598) 2 400 85 55 Fax:(598) 2 400 86 40
Montevideo, Uruguay www.psico.edu.uy
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No debe participar si no se siente comodo o comoda con el gorro ajustado y el
gel aplicado en el cuero cabelludo. E1 gorro del EEG podria dejar algunas marcas
rojas leves en la frente donde los electrodos presionan contra la piel. Estos no
son dolorosos y se desvaneceran a los pocos minutos de quitar la gorra.

Cuando la gorra se coloque, completara las tareas de computadora antes
indicadas. La sesion experimental (menos preparacion) durara aproximadamente 1
hora.

¢Como se almacenaran mis datos?

Toda la informacion que se recopila sobre usted durante el curso de la
investigacion se mantendra estrictamente confidencial y se almacenara de forma
segura, de manera electronica o en repositorios bloqueados, con su nombre
reemplazado por un codigo numerado para que no pueda ser identificado. (Ref: Ley
N° 18.331, 11-08-2008).

Nota: Si tiene mas preguntas sobre este estudio, no dude en ponerse en contacto
conh los investigadores enviando un correo electrénico a fcervantes@psico.edu.uy

Si decide participar, todavia puede retirarse en cualquier momento y sin dar una
razon. Comparta esta informacion anterior con otros si desea o preguntenos si
hay algo que no esté claro o si desea obtener mas informacion.

Por favor tenga en cuenta que NO PUEDE participar si:

1. Ha participado en este estudio con anterioridad.

2. Sufre de cualquier problema de salud fisica o mental importante.

3. Presenta vision y/o audicidn no corregidas.

4. Ha consumido ciertas sustancias psicoactivas recientemente, por lo menos 24
horas antes de la sesion de prueba.

5. Tiene un peinado permanente como rastas, trenzas, etc., lo que significa que
no podremos colocarle un gorro de EEG.

Este estudio cuenta con el aval para ejecucion por el Comité de Etica en la
Investigacion de la Facultad de Psicologia de la Universidad de la Republica (ID
de proyecto)
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UNIVERSIDAD ‘
DE LA REPUBLICA Facultad de
l_LLL_r URUGUAY Psicologl'a

UNIVERSIDAD DE LA REPUBLICA

Hoja de informacidn para participantes

Se le entregara una copia de esta hoja de informacion para que la conserve como
referencia.

Titulo del proyecto: Codificacidn predictiva en el efecto de fiesta de coctel

Este estudio cuenta con aval para ejecucion por el Comité de Etica en
Investigacion de la Facultad de Psicologia de la UdelaR.

Nombre: Dr. Francisco Cervantes

Datos de contacto: Centro de Investigacion Basica en Psicologia, Tristan Narvaja
1674, Montevideo 11.200.
Correo electrodnico: fcervantes@psico.edu.uy

(A quién estamos reclutando?

Nos gustaria invitar a personas de 18 a 35 afios de edad, para participar de
forma voluntaria en una investigacion psicolégica. Estamos buscando personas que
completen una tarea conductual y un registro de datos fisioldégicos mediante
electroencefalografia (EEG).

Detalles del estudio

Nos gustaria invitarle a participar en este proyecto de investigacion. Solo debe
participar si quiere hacerlo; elegir no participar no le perjudicara de ninguna
manera. Si elige participar, tiene la oportunidad de retirarse en cualquier
momento, sin dar ninguna razon.

¢Por qué estamos haciendo este estudio?
Deseamos entender como algunas personas orientan su atencion a hablantes del
entorno.

Para probar esto, usaremos algunas tareas sencillas por computadora y
cuestionarios. Se le pedira que escuche ciertos elementos hablados en donde
atendera selectivamente a algunos mensajes e ignorara otros simultaneamente.

¢Qué pasara durante la prueba?

Necesitara venir al Centro de Investigacion Basica en Psicologia de la UdelaR,
Dr. Tristan Narvaja 1674, Montevideo. Luego de verificar si es elegible para
participar, y que no hay factores que puedan impedirle participar, y de leer y
refrendar el formulario de consentimiento, llenara cuestionarios que miden
rasgos psicolégicos relevantes a la atenciodn.

Le colocaremos un gorro de EEG (electroencefalografia), una técnica no invasiva
e indolora. El1 procedimiento implica frotar suavemente el cuero cabelludo para

quitar el cabello de los electrodos. Se le dejara un gel conductor en el cuero

cabelludo, que podra lavar en la sala de pruebas al final.
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Table 2. Example of a paraphrase pair used in D2.
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Figure 8. Auditory tracking of the envelope onset signals of solo and CP speech.
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Abstract









The brain’s ability to focus on one conversation in a noisy environment, known as the cocktail party effect, remains a significant challenge in neuroscience. We still lack a clear understanding of how the brain uses experience to prioritize elements of auditory information from speech successfully. Research has shown that neural processing is predominantly dedicated to speech from an attended speaker compared to ignored speech. However, familiar and previously experienced stimuli may trigger relatively weaker neural responses than novel ones do, a phenomenon known as priming effect. This study investigates the interplay between auditory processing in the cock- tail party effect and the influence of prior knowledge through different levels of familiarity with speech. Our research specifically investigates how prior experience with speech, including familiarity with the voice or the content of the voiced message, plays a role in this information segregation process.

In a series of single-trial electroencephalography (EEG) studies, we measured the temporal attention indices allocated to neural responses to continuous speech using the temporal response function (TRF) method. The experiments were conducted to investigate the interaction between attention and experience at three different levels. 

In Experiment 1, we primed listeners with single-speaker speech prior to hearing the exact same sequence in a two-speaker cocktail-party scenario, which involved full prior knowledge of one of the two speech objects. In Experiment 2, listeners were similarly primed with single-speaker speech, and in the subsequent cocktail-party setting were then exposed to one of the two speakers having the same voice but a different message. In Experiment 3, the speech on which listeners were primed via a single-speaker was then restated in the same paraphrasal content from one of two new speakers. Importantly, we addressed the separate impact that prior knowledge may have on processing of the attended versus unattended speech, i.e., whether prior experience relates to target or masker speech. 

We identify and analyse the effects of attentional and experience factors on components P1, N1, and P2 from the resulting EEG TRFs. The results show that attention and experience factors interact during the late P2 processing stage (220-320 ms), as long as priming involves full prior knowledge (Experiment 1),  not being observed on partially primed auditory information (Experiments 2a and 2b. The interaction consists of a reduced neural response to the primed target, compared to the case when the target is unprimed. The reduction occurs while maintaining an attentional enhancement in the P2 response, relative to the concurrent masker’s. The finding of reductions in P2 but not earlier stages is consistent with this later cortical stage operating a single auditory object representation of neurally segregated speech.
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Resumen









La capacidad del cerebro para enfocarse en una conversación en un ambiente ruidoso, conocido como efecto cóctel, sigue siendo un desafío significativo en la  neurociencia. Todavía carecemos de una comprensión clara de cómo el cerebro utiliza la experiencia para priorizar elementos de la información auditiva del habla con éxito.

La investigación ha demostrado que el procesamiento neuronal se dedica predominantemente al habla de un interlocutor atendido en comparación con el habla ignorada. Sin embargo, los estímulos familiares y previamente experimentados pueden desencadenar respuestas neuronales relativamente más débiles que los novedosos, un fenómeno conocido como efecto de priming. Este estudio investiga la interacción entre el procesamiento auditivo en el efecto de fiesta de cóctel y la influencia del conocimiento previo a través de diferentes niveles de familiaridad con el habla. Nuestra investigación investiga específicamente cómo la experiencia previa con el habla, incluida la familiaridad con la voz o el contenido del mensaje vocalizado, desempeña un papel en este proceso de segregación de información.

En una serie de estudios de electroencefalografía (EEG) de ensayo único, medimos los índices de atención temporal asignados a las respuestas neuronales al habla contínua utilizando el método de función de respuesta temporal (FRT). Los experimentos se llevaron a cabo para investigar la interacción entre la atención y la experiencia en tres niveles diferentes.

En el Experimento 1, familiarizamos a los oyentes con el discurso de un solo hablante antes de escuchar la misma secuencia en un escenario de fiesta de cóctel con dos hablantes, que implicaba un conocimiento previo completo de uno de los dos objetos de habla. En el Experimento 2, los oyentes fueron familiarizados de manera similar con discurso de un solo hablante y, en el posterior escenario de cóctel, fueron expuestos a uno de los dos interlocutores con la misma voz pero un mensaje diferente. En el Experimento 3, el habla sobre la que se familiarizó a los oyentes a través de un solo interlocutor se repitió luego en el mismo contenido parafraseado de dos nuevos hablantes en la posterior escucha del cóctel. Es importante destacar que abordamos el impacto separado que el conocimiento previo puede tener en el procesamiento del habla atendida versus no atendida, es decir, si la experiencia previa se relaciona con el habla objetivo o el habla desatendida.

Identificamos y analizamos los efectos de los factores atencionales y de experiencia en los componentes P1, N1 y P2 de las FRT de EEG resultantes. Los resultados muestran que los factores de atención y experiencia interactúan durante la etapa de procesamiento P2 tardío (230-320 ms), siempre que el priming implique un conocimiento previo completo (Experimento 1), y no se observa en la información auditiva parcialmente familiarizada (Experimentos 2a y 2b). La interacción consiste en una respuesta neuronal reducida al objetivo conocido, en comparación con el caso en que el objetivo no conocido. La reducción ocurre mientras se mantiene un aumento atencional en la respuesta P2, en relación con el enmascarador concurrente. El hallazgo de reducciones en P2 pero no en etapas anteriores es consistente con esta etapa cortical posterior que opera una representación de objeto auditivo único de habla neuronalmente segregada.
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Chapter 1 

Introduction

Following intense social lives, humans have developed a remarkable ability to communicate and understand each other. Many important soundscapes involve multiple conversations, such as parties where people talk simultaneously amid ever-changing background sounds. Yet, one may still discriminate the speech of a friend from a stranger’s. Despite such acoustically challenging environments, listeners retain the ability to comprehend a message of their interest from a target speaker while disregarding others. This phenomenon is known as the cocktail party effect (Cherry, 1953) and is based on selective attention, a cognitive process that enables the selection of different sound sources by shaping the representation of sounds from their initial mixed entry into the ear, and follows on different stages up to the parsing of the message (Har-shai Yahav and Zion Golumbic, 2021; Wood and Cowan, 1995).

The formation of auditory objects involves the grouping of sounds in the form of temporally connected objects (Bronkhorst, 2000; Moore and Gockel, 2012) with selection leading to their segregation from a scene (Middlebrooks and Simon, 2017; Shinn-Cunningham et al., 2017). Selection is motivated by listener’s demands in a multi-talker environment and is constrained by limited resources and neural processing costs, shaping the distinction between relevant and irrelevant sources. Auditory selection may be based on extraction of physical features of sound including timbre, tone, intensity, or location (Brodbeck et al., 2020; Bronkhorst, 2000; Giraud and Poeppel, 2012; Luo and Poeppel, 2007; Obleser and Kayser, 2019; Ozmeral et al., 2021). In speech, these features represent low-hierarchy ‘primitive’ grouping processing (Bronkhorst, 2000) that later serve as a basis to determine the binding of sensory information under common causes as auditory object units (Poeppel and Assaneo, 2020; Shinn-Cunningham et al., 2017). Such processing entails top-down higher-level cognitive functions, with speech comprehension depending on both formation and selection processes feedback to each other heterarchically (Shinn-Cunningham et al., 2017). This is opposed to a process structured into successively higher-level control mechanisms. For instance, determining a target in an auditory scene involves estimating individual sound sources, such as a particular voice, on the basis of relevance guided by top-down action mechanisms. However, strongly salient features of a scene can instantaneously capture and redirect relevance away from the elements of the target. In another example, strong prior expectations about speech may guide its representation when it is replaced by noise, overcoming missing sensory input (Cervantes Constantino and Simon, 2018, Leonard et al., 2016).

Examples in which forming an individual auditory object involves interacting top-down and bottom-up processes typically relate to the balance between attentional control (which promotes exploitation of prior knowledge) versus attentional capture (which promotes feature exploration). Critically, the balance depends on experience and observer expectations (Shinn-Cunningham, 2008). In an effort to gain a deeper understanding of how auditory objects are encoded in the brain, numerous studies have addressed the representational differences between attended and unattended auditory objects at the cocktail party problem (Ding and Simon, 2012; Haykin and Chen, 2005; O’Sullivan et al., 2015; Power et al., 2012). The question is motivated in particular because in complex cocktail party situations, individuals can adapt and follow a specific stream despite considerable disadvantages (Fiedler et al., 2019), including when the target and maskers have a voice of the same gender, or when the intensity of the target is lower than that of the background (Ding and Simon, 2012; Kidd et al., 2016) for instance.

Important insight has been gained with high temporal precision neuroimaging methods such as electroencephalography (EEG), in combination with temporal response function analyses (TRF). The TRF is particularly useful to describe the neural processing during speech perception, as it details the stages of auditory processing given specific acoustical characteristics of speech (Bednar and Lalor, 2020; Broderick et al., 2019; Di Liberto et al., 2015; Har-shai Yahav and Zion Golumbic, 2021; Wöstmann et al., 2019; Zion Golumbic et al., 2013). These studies have clarified which auditory features are relevant for speech encoding, and how does selective attention modulate their representation in relation to a target versus a masker.

It remains unclear however how selective attention interacts with prior knowledge in the cocktail party. For this, we set out an experimental design to investigate the nature of the statistical interaction between selective attention and prior experience in speech processing when individuals are exposed to multiple simultaneous speakers. Using the TRF method, we investigated this interaction at each of the relevant stages of speech processing, using non-invasive EEG data. In particular, we addressed the problem of prior experience of speech influences neural patterns under a speech comprehension task, representing the typical challenges facing the ‘cocktail party’ problem.

Chapter 2

Theoretical background

Attentional filter models

Different models have approached the attentional mechanisms involved in sensory information processing. The work of Cherry (1953) led to the advent of the Early Selection model of attention (Broadbent, 1957), which assumes a rigid filter that allows only relevant information to pass for processing at later stages, similar to a bottleneck. In this model, the processing of irrelevant acoustic information is limited, and extraction of information from ignored auditory objects is not fully accounted for (Cherry, 1953). It does not explain however how attentional mechanisms can be directed based on individual needs and stimulus properties, for example, when student wishes to listen to a lecture despite off-topic discussions from his classmates. Even if thorough comprehension of the lecturer’s speech can be achieved despite the noise, should the student be named by peers this would likely engage his attention. Thus even as off-target input can be mostly ignored some may leak in affecting performance.

By contrast, from the visual literature the Attenuation Model proposes that object-dependent feature integration during serial search as the process driving selection (Treisman, 1960). Unlike exclusive processing of the target versus background input (all or nothing), the latter is only subject to an attenuation mechanism that modifies background perception (Driver, 2001). This introduces a preattentive stage where objects may be formed and integrated through their various features, setting the conditions for later selection of the target.

Understanding how the brain processes acoustic information in challenging multi-talker scenarios during the early stages of processing may help disentangle the neural coding and attentional mechanisms that manage basic features of sound before we focus on specific auditory inputs. This process may act like a spotlight, enabling us to concentrate on one sound at a time.



Three key time windows for speech processing

Evidence suggests that the auditory brain aligns its activity to temporal regularities found in speech. This neural entrainment phenomenon is known as  ‘phase coding’ or ‘speech tracking’ (Obleser and Kayser, 2019; Zion Golumbic et al., 2013). Speech tracking and related event-related potential (ERP) reports from EEG and MEG studies typically indicate a pattern of neural activation with latencies structured in a triphasic series of auditory processing stages, namely the P1, N1, and P2 components (Aiken and Picton, 2008; Fiedler et al., 2019; Martin et al., 2008; Steinschneider et al., 2011).

The first processing peak, P1, is recognized with a positive polarity, and also called the P50 component, or P1m in the MEG literature (Aiken and Picton, 2008) and occurs in the pre-attentive stage, approximately 50 ms after stimulation. P1 is considered to emerge in the Heschl gyrus and is related to sensory perception and the encoding of acoustic characteristics of the incoming auditory stream. P1 has been associated with sensory gating (Jones et al., 2016), to the ability to reduce representation of repetitive sounds, similar to filtering out redundant sensory information (Haykin and Chen, 2005). It is a component widely linked to bottom-up processes that has however rarely featured in cocktail party studies given its early nature and relatively low amplitude. Some evidence links the P1 to goal-directed attentional tasks, suggesting an interactive flow of information between participating top-down and bottom-up processes (Golubic et al., 2019; Jones et al., 2016).

The next stage of processing, the N1 component, is indicated by a negative peak starting 100 ms after stimulus onset in the EEG. It has been the most studied in the cocktail party as it is in this time window when dominance of the representation of the attended stream response is typically observed. Based on ERP data, Hillyard et al. (1973) first observed attentional effects in the auditory N1 response to attended tones, which elicited larger responses than N1 responses from unattended tones. The N1 modulation appears consistent with the gain model for the representation of attended stimuli and suppression of unattended stimuli, according to Treisman’s filter-attenuation hypothesis. In particular,  N1 changes are critical to account for in step-wise frameworks to disentangle aspects of early versus late selection (Fiedler et al., 2019; Giard et al., 2000).  This is particularly relevant when processing salient stimuli within complex acoustic scenes, where attention plays a crucial role in segregating important auditory information. In natural acoustic scenes, other factors can also contribute to the processing within this temporal window, including familiarity with the attended or ignored stimulus. This phenomenon, known as the priming effect, can influence the processing of a stimulus (Wang et al., 2019).

The emerging phase-locking of auditory objects at the N1 may reflect synchronization of endogenous neural activity with the target’s own exogenous temporal structure (Kachlicka et al., 2022). A hypothesis is that this stage enables masker-attenuated object-based processing of the selected target, in a mechanism that is considered to be influenced and guided by top-down processes (Ding and Simon, 2012; Kaya and Elhilali, 2017).

Brodbeck et al. (2020) investigated how speech segregation is processed cortically during the cocktail party. Specifically, they examined MEG responses to attended and ignored speech, as well as responses to single-speaker (solo) listening. The researchers presented pairs of audiobook segments in a continuous mixture of two speakers, and the listeners were instructed to focus on only one speaker. They investigated how the auditory cortex tracks acoustic onsets (Hertrich et al., 2012), which are necessary cues for speech segmentation. The activity revealed, as expected, attentional modulation of the N1 in the form of enhanced responses to the target acoustic onsets, but also an earlier response compared to responses to the ignored speaker. The responses to acoustic onsets were obtained with spectro-temporal response functions (STRFs), which generally followed a similar pattern for both solo speech and cocktail listening. The general pattern consisted of at least two peaks, of which the earliest, P1, had a latency of approximately 70 ms, followed by an N1 peak of approximately 150 ms. Their N1 results were in line with previous studies that have indicated enhanced target processing at this stage. With regards to the background, the attenuated and delayed responses may be interpreted as the auditory system maintaining a limited ability to retrieve acoustic onsets from the background response. The available representations of the background sensory noise then become further reduced as different stages of information processing advance from the periphery through the auditory cortex (Rabinowitz et al., 2013).

Finally, the P2 component is characterized by a positive peak in the EEG waveform, which typically occurs around 150-260 ms after stimulus onset (Pinto et al., 2019; Lewald and Getzmann, 2015; Getzmann et al., 2016). The stage has been is associated with top-down and higher-order perceptual processing that is also modulated by attention, and appears delayed in older populations (Getzmann et al., 2016). In the cocktail party situations, the P2 component of the target response typically increases compared with the background (Charest et al., 2009). In particular, the auditory P2 may be behaviorally relevant, as the magnitude of its attentional modulation may indicate task performance (O’Sullivan et al., 2015). One hypothesis is that during this later stage of processing, also known as P300, representations of the background are further prevented from entering working memory (Power et al., 2012). Evidence for this higher-order component in particular to be linked to working memory remains unclear, however (Hjortkjær et al., 2020). Nevertheless, as memory load increases, encoding accuracy of the speech envelope was shown to generally decreases in TRF models, suggesting a potential interplay between attentional mechanisms and working memory (Gazzaley and Nobre, 2012) across encoding stages.





Does prior knowledge play a significant role in understanding speech in cocktail party scenarios?

In everyday scenarios, prior knowledge or familiarity may offer advantages in managing complex and challenging situations. Investigating the significance of the specific circumstances set by priming speech input may provide new insight into ecological contexts. Examples include the easier distinguishing of a friend’s voice in a crowd, or understanding a noisy message when one is familiar with the topic. Processing voices that are familiar improves target intelligibility in natural communication settings with multiple speakers, relative to unfamiliar voices (Domingo et al., 2020). However, the behavioral benefits on comprehension may not be extended to cases where the unattended speaker alone is familiar (Newman and Evers, 2007). Nevertheless, there is evidence that in a low cognitive demand tasks and with extensive experience, masker’s voice familiarity may facilitate cocktail party performance (Johnsrude et al., 2013). 

	At the level of prior knowledge about speech content, behavioral evidence shows detection benefits for target words that have been semantically primed shortly before and which correspond to the same semantic category during masking (Dekerle et al., 2014). Park et al. (2023) studied the influence of topic familiarity on selective attention; using a dichotic listening paradigm, selective comprehension of speech was investigated across simple versus complex message narratives (including challenging philosophical discourse), and, separately, on fixed versus variable speaker targets. The findings showed, in the case of complex narratives, steep comprehension error increases that were not in place for listeners that were presented with simple narrations but had no prior knowledge of the speaker. The complex narrations entail contexts of lower sentential predictability, and this is a factor that may interact with speech intelligibility especially in noise-degraded conditions (Bhandari et al., 2021). 



In the case of complete prior knowledge about speech, full auditory priming of an identical stimulus is particularly helpful, in terms of performance when target and masker speech presentations are co-localized (Wang et al., 2021). Evidence suggests that prior knowledge of speech facilitates the segregation of targets in multi-speaker scenes through top-down processing. Using the TRF method,  Wang et al. (2019) investigated the effect of prior knowledge of speech stimuli by analysing magnetoencephalography responses to a mixture of stories narrated by the same speaker. In half of trials, listeners were be primed with the target speech sequences of the mixture, by listening to them in advance as a solo (single-speaker) speech presentation. Neural encoding was compared under primed and unprimed conditions for attended and unattended speech. Attentional modulation of the TRF emerged from around 100 ms and was influenced by priming, with the authors reporting significantly enhanced attentional effects for the primed compared to the unprimed condition. Source analyses revealed significant activity changes related to differential attentional enhancement at the level of bilateral superior temporal gyrus (STG) and the superior temporal sulcus (STS). However, the nature of the statistical interaction between attentional enhancement and the priming effect at early, middle and late stages of processing, remained unclear. Moreover, the experimental design of the task did not directly involve speech comprehension, as participants were instructed to detect brief silences (acoustic gaps) of the target speaker ignoring those from the masker’s. In addition,  the cocktail stimuli were presented using the same voice for target and background, in all trials. If neural processing of the scene were involved for a speech comprehension task, we would expect performance differences to be dependent on the combination of participating voices (Brungart, 2001), as target/masker voice characteristics may affect the separability of auditory objects.

Top-down expectation allows for a complex interplay between perception and understanding, using knowledge to drive perceptual inference (Clark, 2013; Ten Oeve & Martin, 2024). For human hearing, predictive mechanisms are considered to interact at the bottom-up and top-down levels playing an important role in speech encoding. In auditory cortex, top-down input is hypothesized to be compared against incoming sensory inputs, according to existing knowledge and expectations of the observer, in order to adjust prediction errors and interpret the auditory scene accordingly more precisely. In a study that evaluated the influence of visual predictions on auditory speech processing (Pinto et al., 2019), it was found that the observer’s reliance on the gestural information of a speaker during speech listening resulted in a reduction in the amplitude of the components N1 and P2. The effects of decreasing activity under priming of certain features may be interpreted as a learning outcome that reflects a reduced neural processing cost regarding those features. This is similar to the ‘repetition suppression effect’ phenomenon that may indicate the efficient encoding of redundant information (Grill-Spector et al., 2006; Summerfield et al., 2008). It is unclear how does this reduction interact with the key suppression of distractor-related activity under voluntary attention, an effect attributed to inhibitory process (Wöstmann et al., 2022).

In this thesis, we address this interaction in complex cocktail-party scenarios. We ask at what level does prior experience benefit the auditory segregation that is reflected in activity at the auditory cortex. One level of experience involves the prior knowledge about acoustic characteristics of a speaker, such as their distinctive voice spectral cues. At a higher level, we consider the case where prior knowledge arises from the intended message, leading to facilitated semantic and phonemic content inference. The third, most fundamental scenario, involves full knowledge of target input, with prior experience therefore resolving the ‘cocktail-party’ selection problem beforehand.



Chapter 3 Research problemThe neural mechanisms that underlie the brain’s segregation of relevant speech from competing noise, the cocktail party effect, remain poorly understood. Furthermore, the nature of the auditory cortical responses of primed targets versus maskers has not yet been described at the principal stages of auditory cortical processing.

				Objectives		General Objective		To investigate the interaction between selective attention and prior experience during speech processing when listeners face simultaneous speakers, using non-invasive electrophysiological estimates of speech encoding (P1-N1-P2 components) of the TRF.







		Specific Objectives		To investigate the role of full prior knowledge in selective attention in a speech comprehension task under the ‘cocktail party’ problem (Experiment 1).



		To investigate the role of prior knowledge of speaker’s voice in selective attention in the same task  (Experiment 2a).



		To investigate the role of prior knowledge of speech content message in selective attention in the same task  (Experiment 2B).

















 

				Hypothesis











						Behaviour















								We hypothesize a higher level of comprehension when listeners are primed with information about the target.





















						Neural response















								We hypothesize the interaction between selective attention and prior experience in the neural processing associated with resolving the ‘cocktail-party’.



		Regarding selective attention, we anticipate a systematic enhancement in neural tracking response for the attended speaker compared to the unattended speaker at N1 and P2 stages of cortical processing.



		Regarding prior experience, we anticipate that priming effects observed, if any, will be consistent with suppression of the neural tracking response to the primed stream.



















Chapter 4 Methodology				Participants











Seventy-four human subjects participated across three experiments (48 female; mean age 25.6 ± 4.9 SD; 11 left-handed). Subjects were native Rioplatense Spanish speakers who reported no hearing impairment or neurological disorder and normal or corrected vision. The participants completed the Edinburgh Handedness Inventory.

The Ethics in Research Committee at the Faculty of Psychology, Universidad de la República Uruguay, approved the study. All participants gave their written consent in accordance with the guidelines of the Declaration of Helsinki (World Medical Association, 2009). As a token of appreciation for their time, the participants received a chocolate bar at the conclusion of the experimental session.

Thirty-six subjects participated in Experiment 1 (27 female; mean age 26.5 ± 4.7 SD; 7 left-handed). One participant was excluded due to a negative score on the task, while the behavioural response file of the other participant was not saved correctly.

Seventeen subjects participated in Experiment 2a (7 female; mean age 24.1 ±4.8 SD; 3 left-handed). One participant was excluded due to the behavioural response file was not saved correctly. Twenty-one subjects participated in Experiment 2b (16 female; mean age 25,7 ± 6 SD; 1 left-handed).



				Setup











Participants were seated 50 cm in front of a 40 cm size monitor (E. Systems, Inc., CA). For audio presentation, we used a Sound Blaster Z sound card (Creative Labs, Singapore) in combination with a Scarlett 414 sound interface (Focusrite Plc, UK) and high-quality Sennheiser HD 25 headphones (Sennheiser, Germany). Neural recordings were made with BioSemi ActiveTwo 64-channel system with an Active two ERGO Opticlink (BioSemi, The Netherlands) to connect synchronous auditory signals to the ActiveTwo output system. The participants adjusted the presentation of the sound volume to a comfortable listening level before starting the computerized tasks.



				Stimuli











Auditory stimuli were obtained from two databases constructed explicitly for the study by our team (see Database 1, Database 2). Database audios consisted of short phrases narrated by a single speaker, where keywords and topics have been annotated per audio. Additionally, each audio was classified according to the perceived age and sex group of the speaker.

MATLAB® software (MathWorks, Natick, United States) was used to convert audio recordings into diotic formats (simultaneous presentation to both ears) at a sampling rate of 44100 Hz. The low- frequency amplitude envelopes in the speech signals were obtained using Hilbert’s method.

Long silences and repeated filler words were manually removed based on the stimulus envelope and content features on a case-by-case basis. To prevent the audible perception of clicks, 5 ms long cosine ramps were applied at the beginning or end of the stimulus and any excisions. All individual stimuli were normalized.



						Database 1















Database 1 (D1) consisted of 259 single-speaker audios (129 female voices, mean duration 8.6 s, ±0.8 s). D1 was based on various source formats, such as news broadcasts, audiobooks, and interviews with Uruguayan Spanish speakers. In addition, audio clips were extracted from radio and TV channels, podcasts, and YouTube videos. All audio sentences were selected for explicit thematic content issued by a single speaker without background noise. In D1, four keywords were chosen from each audio sentence, including adjectives, nouns, verbs, and adverbs, but excluding those near the end of the sentence. Additionally, one or two topical categories were assigned to each sentence, from a fixed pool of topics that included politics, government, sports, religion, education, health, leisure, personal, culture, nature, labour, commerce, and money. Furthermore, apparent voice gender (male or female) was designated according to the name, face, and voice quality of the source material. The audios were also identified according to the perceived age of the speakers, i.e., less than or older than 35 years, resulting in 59 younger and 200 older speakers.



		Audio

		Politics

		Gov't

		Sports

		Religion

		Educ.

		Key1

		Key2

		Key3

		Key4

		M/F

		Age



		1

		X

		X

		

		X

		

		Biases

		Brain

		Financial

		Invest

		F

		Younger



		2

		X

		

		

		

		

		Retire

		Write

		Journal

		Stuff

		M

		Older



		3

		

		X

		

		X

		

		Tourism

		Illusion

		Transform

		Experience

		M

		Younger



		4

		X

		

		

		

		

		Advances

		Rights

		Money

		Depression

		F

		Older





Table 1:  Example of the Database registration





						Database 2















Database 2 (D2) consisted of 348 single-speaker audios containing 184 female voices. The mean duration of the audios was 8.08 s, SD ± 1.97 s. Individual sentences were created and recorded using the Microsoft Research Paraphrase Corpus (MRPC) (Quirk et al., 2004), a database that records pairs of headlines or sentences containing similar information on the world news from different newspapers and sources. We selected 169 paraphrase pairs from the MRPC rated as semantically equivalent, and translated them into Spanish. Non-Spanish names (e.g., people, companies, or localities) from the local context and substituted them with familiar and local/regional names using an online random name generator (https://generadordenombres.online/). An example of a resulting paraphrase pair used for D2 audios shown in Table 2.





		MRPC sentence 202294

		 MRPC sentence 202143 (paraphrase)



		El procedimiento comenzó con la presentación por parte de los fiscales del caso contra Adolfo, leyendo 33 páginas de documentos que resumían las acusaciones contra él.

		El procedimiento comenzó con la expresión por parte de los fiscales de su caso contra Adolfo, leyendo una carta de acusación de 33 páginas al tribunal.



		The proceedings were taken up with prosecutors outlining their case against Amrozi, reading 33 pages of documents outlining allegations against him.	

		Proceedings were taken up with prosecutors outlining their case against Amrozi, reading a 33-page accusation letter to the court.





Table 2: Example of a paraphrase pair used in D2



Audio recordings were obtained from locally surveyed volunteers, who read aloud one or two pairs of paraphrases simulating a spontaneous conversation. An Olympus recorder model VN-541OC (OM Digital Solutions Corporation, Japan) was used with settings suitable for recording in the open air (44.1 kHz sampling rate, 40 Hz - 13 kHz frequency response, 5 - 320 kbps bit rate range). Selected recordings were made in noise-free open or closed spaces, and contained clear message narrations as per the indicated sentence(s). Resulting audios were annotated for their speaker age, gender and keywords following similar criteria as in D1, with the exception that keywords were limited to two per phrase. The selected keywords always differed across paraphrasing pairs.

						Cocktail party stimuli















A unique set of cocktail party (CP) stimuli was created per study participant. Each CP stimulus was generated from a selection of two solo speech stimuli from the same database by additive combination of the two streams using a 750 ms inter-stream onset asynchrony. This design was used for target instruction purposes, to ensure that listeners attend either the one single speech stimulus that was presented initially or the other speech stimulus interjected later. Each CP stimulus end time was equal to the resulting mixture overlap time. The root mean squared (RMS) intensity was equalized between the overlapping epochs of both streams, and the amplitude of the entire cocktail stimulus was normalized. 





				Experimental task











Participants were instructed to listen to every auditory stimulus presentation with their eyes closed, focused solely on speech without visual distractions while minimizing all other motor activities. A two-stage design was used for each trial in the task, to investigate the interaction between previous listening experiences and attention, specifically how previous listening experiences may affect listeners’ capacity to concentrate on a particular speaker in a multi-talker scenario. In the first part, ‘pre-listening’, participants were presented with a single-speaker speech stimulus. In the second part, ‘CP listening’, participants were tasked with selectively attending to either the first (leading) or second (interjecting) speech stream. Leading or interjecting targets were cued immediately beforehand, and were instructed with equal probability. Upon listening, the trial continued with a questionnaire designed to evaluate participants’ comprehension of the target speaker, and involved selecting three options from a multiple-choice format containing nine choices. Subsequent to participant’s response validation, the score feedback of the trial was provided along with an accumulated score for the experiment trial. See Figure 1.



 Figure 1: Experimental design 

Each trial consisted of two parts, the first of which was a pre-listening stage where participants listened to a single speaker speech stimulus. In the second part, CP listening, participants were given instructions to attend to one speaker from a ‘cocktail-party’ stimulus, i.e., a speech mixture of two different speakers. After each trial, participants were required to answer multiple-choice questions about the attended speech. This example illustrates the ‘attended known’ condition (AK), where the pre-listening stage provides full prior knowledge about the target element of the CP mix.



						Experimental conditions















Three conditions, namely, attended known (AK), unattended known (UK), and no prior knowledge (NP), were employed in all studies. Within each experiment, these conditions provided the listener with different degrees of knowledge about individual streams of the CP listening stage. Generally, for the AK trials, the pre-listening presentation matched with information contained in the target stream. In UK trials, the pre-listening presentation matched with information contained in the background stream. NP trials by contrast used pre-listening presentations without any connection or prior exposure to either the attended or unattended stream of the CP listening stage; these trials served as a control condition to assess baseline performance across all experiments. Attentional target cues were instructed at the start of the CP-listening stage, and were issued on the basis of leading or interjecting order (“first/second”) of the asynchronous order mixture (Figure 1). 

Each pre- and CP-listening stimulus was presented only once. Prior to the main experimental session, participants performed a 3-trial practice session with  fixed, non-database stimuli that were specifically generated for this purpose. In all experiments, all speakers varied from trial to trial, as random and unique stimuli combinations were created per participant without stimulus replacement. All three conditions were equally represented and randomly ordered during the experimental trials.

 



								Experiment 1

















Experiment 1 (full priming) was designed for participants to gain prior knowledge with a clean auditory stimulus that will later act as foreground or background during masking at the selective attention stage. Therefore, for AK or UK trials the pre-listening stimulus was identical to one of the two elements of the mixture. In the AK condition, participants were instructed so that they effectively focus, during CP-listening, on a target stream that is identical to the one presented in the pre-listening period (Figure 1 shows this case). Conversely, in UK trials, participants were instructed so that they effectively disregard, during CP-listening, a stimulus that is identical with the one presented during the pre-listening stage as it now acted as the background stream. All stimuli were constructed using samples from D1. The task comprised 108 trials, and the total experimental session lasted approximately 2.5 hours.



								Experiment 2a

















Experiment 2a (voice priming) was designed for participants to gain prior knowledge with a speaker’s voice that will later act as foreground or background during masking at the selective attention stage. NP trials were generated as in Experiment 1, with stimuli from this condition also sampled or constructed from D1. AK/UK trials were generated so that each new speaker presenting at pre-listening corresponded with one of the two speakers of the mixture during cocktail presentation. In the AK condition, participants were instructed so that they effectively focus during CP-listening on a target stream whose speaker’s voice is the same as presented in the pre-listening period, thus with voice-priming of the target. Conversely, in UK trials participants were instructed so that they effectively disregard, during CP-listening, a speaker whose voice coincided with that during the pre-listening stage as it now acted as masker. This created voice-priming of the background stream. Because the same speaker was involved at both stages in the same trial, we ensured that the repeating speaker stimuli pairs always involved two different sentences and contents. AK/UK stimuli were exclusively sampled or constructed from D2. We also discarded the possibility that repeated content sentences (e.g., paraphrases) of the same or potentially two different speakers were re-used at any point for a participant. The experiment consisted of 78 trials and the total duration of the experimental session was approximately 1.5 hours.



								Experiment 2b

















Experiment 2b (content priming) was designed for participants to gain prior knowledge with a spoken message that will later act as foreground or background during masking at the selective attention stage. NP trials were generated as in the previous experiments, with stimuli also sampled or constructed from D1. AK/UK trials were generated so that each spoken message at pre-listening corresponded with one of the two spoken messages of the mixture during cocktail presentation. In the AK condition, participants were instructed so that they effectively focus, during CP-listening, on a target stream whose message (i.e., paraphrase) matches the one presented during the pre-listening period, thus with content-priming of the target. Conversely, in UK trials participants were instructed so that they effectively disregard, during CP-listening, speech whose content coincided with the one presented during the pre-listening stage as this stream now acted as a masker. In this experiment, all  speaker voices always differed from each other within and across trials. AK/UK stimuli were exclusively sampled or constructed from D2. The presentation order of the paraphrase sentence pairs was equally counterbalanced across participants. The task consisted of 78 trials, and the experimental session lasted approximately 1 hour and 30 minutes.



				Task questionnaire











For all experiments, participant behavior was assessed via a multiple-choice questionnaire that was presented at the response stage screen. Based on stimulus-specific information collected from the corresponding databases, 9 options were generated for each trial. One of the options presented was related to vocal characteristics, with possibilities including determining the voice’s gender (male or female) or age (young or advanced age) attributes, with equal probability. Four of the additional options involved sentence keywords, randomly drawn from a list of all 8 keywords from the attended and unattended stream (experiment 1) or 4 keywords (experiments 2a and 2b). The remaining four options listed possible topics of the target stream, which were presented based on a random selection of four out of the 13 (experiment 1) or 14 (experiments 2a and 2b) categories. It was possible that none of the presented topic options corresponded to either stream. The placement of the nine different options was randomized for every trial.



						Scoring system













In all three experiments, identifying an option that was correctly related to a speaker’s voice (such as sex or age) earned one point. Selecting an option that identified voice characteristics of the unattended speaker and not the attended one always resulted in a point deduction (e.g., if participants had to attend to a younger age and selected an older one).  Similarly, each correctly chosen keyword always awarded one point, and each selected keyword related to the unattended speaker always deducted one point.  Each correct topic selection earned one point, but topic selections unrelated to the attended speech did not result in any point deductions. In Experiment 1, not selecting any option resulted in a deduction of -2 points (equivalent to missing two correct keywords on average). In Experiments 2a and 2b, not selecting any option resulted in a score of 0 for the trial. Participants received feedback on the trial score and on the accumulated score (see Figure 1).



				Data Acquisition and Preprocessing











Presentations were made with PsychoPy3 software (Peirce, 2007). Electroencephalography (EEG) data were recorded for all subjects using the BioSemi ActiveTwo 64 scalp channels system (BioSemi, The Netherlands), with 10/20 layout, at a digitization rate of 2048 Hz with CMS/DRL (ground) and the tip of the nose as reference electrodes. EEG subject data resampled at 1024 Hz were common average-referenced to the 64 scalp channels, after which DC offset was removed. A 5th order cascaded integrator-comb low-pass filter with -3 dB at 410 Hz was applied online, after which signals were decimated to 1024 Hz. The online high-pass response was fully DC coupled. Electrooculographic data were recorded, supra- and infra-orbitally as well as from the left versus right orbital rim. Complete experimental sessions lasted ∼ 2.5 h.

Single channel data were subsequently (offline) and channels were subject to an automated blind rejection procedure based ona variance-based criterion (Junghöfer et al., 2000). In order to account for individual differences that could impact spatial filter estimation, a blind rejection procedure was applied to the channel and trial time series, incorporating data from all participants simultaneously, with a confidence coefficient of λP = 4. The process was repeated exclusively for external reference channels with a more restrictive confidence coefficient of λP = 2. Sensor and reference data sets were separately re-referenced based on the channel sets median values, after which the channels rejection procedure was again conducted. FastICA (Hyvarinen, 1999) was applied to minimize the impact of general movement artifacts on the EEG data. Two independent components were automatically selected for their maximal proportion of broadband power and projected out of the raw data. To further reduce ocular artefacts, a time-shifted principal component analysis (de Cheveigné and Simon, 2008) was applied to discard environmental signals recorded on the oculogram reference sensors (shift: ±4 ms). A sensor noise suppression algorithm (de Cheveigné and Simon, 2008) was applied to attenuate artifact components specific to any single channel (up to 63 neighbors). The blind variance-based rejection procedure was repeated, resulting in fewer than 1% rejected single channel trial time series on average (subject range 0.09 - 1.52%).

To extract the reproducible denoising by spatial filtering (DSS) component, first, EEG data were bandpass-filtered with a second-order Butterworth filter in the 1 – 8 Hz region. To address variability across participants, which may affect spatial filter estimation, the blind rejection procedure described above was performed over channel and trial time series, including all participants’ data simultaneously and with a more restrictive confidence. 



4.6.0.1	Spatial filtering

To emphasize signal reproducibility and generalization across subjects, joint decorrelation (JD) (de Cheveigné and Parra, 2014; de Cheveigné and Simon, 2008) methods were implemented. For this, a generic spatial filter obtained after solo speech listening data from a separate study (Vanthornhout et al., 2018) based on the same EEG system was used with the aim to improve the SNR of speech responses in the present study and reduces dimensionality of single-trial, single speaker speech listening EEG datasets. Joint decorrelation was trained on this full independent dataset involving 28 listeners’ recordings during passive listening to a 14.5 minute long story and presented without noise (Vanthornhout et al., 2018).  The study files were pre-processed as described above, and each dataset was epoched, downsampled to 32 Hz, and collated across all participants. The spatial profile associated from this filter is represented in Figure 5, as the component with maximal evoked/induced activity ratio (de Cheveigné and Simon, 2008). This filter component represents the most reproducible aspect of evoked responses and was selected as a single virtual sensor in all analyses, i.e., was retained and applied to all subjects in the present studies. The procedure is effectively analogous to sensor selection in standard ERP studies, solved here via a data-driven method.

 

				Temporal response function estimation











The Temporal Response Function (TRF) is a method to analyze the encoding dynamics in neural recordings of neural time series data. The TRF is a linear systems tool that can be used to represent the neural response to changing auditory input over time (Crosse et al., 2016). The stimulus S(t) was here represented by the time series of the speech envelope onsets of pre-listening stimuli, Sprelistening(t), and of CP stimuli, which was decomposed as Scocktail(t) = Starget(t) + Smasker(t), where the two-time series separately index the envelope onsets of the target and masker stimuli, respectively. To correctly reflect the required task demands,  we excluded from neural tracking analyses all trials where participants earned non-positive scores (10-20% of trials, see Behavioral results). For each stimulus category and condition, all resulting single trial presentations were concatenated, resulting in data equivalent to  up to 15 min. presentation time (pre-listening) and 2.5 min. (cocktail listening, each condition), per participant. The linear model is formulated as:



r′(t) = ∑τ TRF(τ)S(t − τ) + ϵ{\displaystyle \epsilon \!}(t)



where r’(t) is the neural response predicted by the model TRF(τ) under the conditions set by the chosen stimulus representation S(t), and ϵ(t) is the residual contribution to the evoked response not explained by the linear model and cross-validation was performed to prevent overfitting. TRFs were estimated by boosting (David et al., 2007) between concatenated stimulus and EEG time series, scaled to z-units, with 20 times cross-validation, and assessed at the  -100 to 400 ms window. Each grand average TRF was obtained by averaging the individual TRFs across participants. 





				Statistical analysis











We first determined the presence of general attentional effects (AEs) at the cocktail party, to determine the time windows relevant for selection unbiased by any priming effects. For this, non-parametric tests (Maris, 2011; Martin et al., 2008) were applied using cluster-based non-parametric testing, corrected for multiple comparisons. We used subject TRFs from the no prior knowledge (NP) condition across all three experiments (71 subjects, see Participants section). This also served to compare our data with previous literature on the classic cocktail party effect. For each contrast between NP-attended and NP-unattended TRFs, its t-value time series was estimated and thresholded at the t distribution’s 0.05th percentile for randomisation-based testing. Any cluster exceeding the threshold was deemed significant if its associated t-statistic (sum of t-values within the cluster) exceeded the t-statistics estimated from the randomization distribution (Maris and Oostenveld, 2007). Nonparametric statistical testing of EEG-and MEG-data. Journal of neuroscience methods, 164(1), 177-190.. The distribution was estimated after N = 217 resamplings, each generated by random reshuffling between attended/unattended conditions, per participant. 

Once the relevant attentional windows were determined (P1, N1 and P2 components, see Results), we examined the statistical interactions between prior experience (AK, UK, and NP conditions) and attention (attended and unattended condition) by means of two-way repeated measures ANOVAs of time-averaged TRF data  as dependent variable, quantified per component and listener. To interpret valid F-ratios, data sphericity violations were  determined based on Mauchly testing; for cases where sphericity could not be assumed, Greenhouse-Geisser (e < 0.75) or Huynh-Feldt (e > 0.75) corrections were applied (Field, 2017).



Chapter 5 Results				Behavioural results		Experiment 1- Full priming













Participants completed the task with accuracy, i.e., scored 1 point or more on target-specific speech information, for greater than 50% of trials in all conditions, indicating that the instructions were understood and generally answered correctly. In the no prior knowledge conditions  (NP), participants successfully performed for most of the trials (mean success rate 80.9 ± 1.6% SD). Given full prior knowledge of the foreground (AK condition), the participants presented a higher percentage of correct answers on average (84.3 ± 1.3%). Given full priming of the background stimulus (UK condition), average performance decreased (79 ± 1.7%). 

To compare the accuracy of CP-listening performance of the correct rates in the three conditions, a one-way repeated measures ANOVA was performed on participant data with prior knowledge condition as independent variable. There was a significant main effect of prior knowledge (F(2, 66) = 5.093, p = 0.009). Post-hoc pairwise comparisons of correct rates revealed a significant difference between AK and UK conditions (corrected p = 0.001). As a result of target priming, improved performance was observed for known targets in comparison to known maskers. However, neither the NP vs. UK (corr. p = 0.799) nor the AK vs. NP (corr. p = 0.267) comparisons reached statistical significance. See Figure 2. The behavioral data indicate that prior knowledge facilitated participants’ solving of the cocktail party effect task when it carried information about the attended stream compared to the unattended stream.



 Figure 2: Behavioural results in Experiment 1 - Full priming 



Percentage of positive trial responses by prior knowledge condition. A significant effect of prior knowledge about the full auditory stimulus was found, where target priming improves participants’ correct trials relative to masker priming (p < 0.001). Bars represent standard error of the mean. The black divider line represents the distribution mean and the grey divider the median.





						Experiment 2a - Voice priming













The participants generally performed as well as in Experiment 1 on the comprehension task, with greater than 80% of correct trials. The percentage of positive responses for trials without any prior knowledge (NP) was on average 89.4 ± 4.7%. Given prior knowledge of the target speaker’s voice (AK), participants achieved on average 81.7 ± 14.2% correct trials. Given prior knowledge of the masker’s voice (UK), participants achieved on average 89.9 ± 5.5% correct trials.  

The accuracy of CP-listening performance of the correct rates in the three conditions was analyzed using a one-way repeated measures ANOVA. There was no significant main effect of prior knowledge (F(1.146, 17.190) = 3.941, p = 0.059). See Figure 3.

































 Figure 3: Behavioural results in Experiment 2A - Voice priming 







Percentage of positive trial responses by prior knowledge condition. No significant effects of prior knowledge about speaker’s voice were observed on CP task performance.  





						Experiment 2b - Content priming













The participants generally performed as well as in the previous experiments on the comprehension task, with greater than 80% of correct trials. The percentage of positive trial responses for trials without any prior knowledge (NP) was on average 90.1 ± 8.3%. Given prior knowledge of the target speaker’s voice (AK), participants achieved on average 84.4 ± 12.7% correct trials. Given prior knowledge of the masker’s voice (UK), participants achieved on average 86.2 ± 7.7% correct trials. 

The accuracy of CP-listening performance of the correct rates in the three conditions was analyzed using a one-way repeated measures ANOVA. There was no significant main effect of prior knowledge (F(2, 40) = 1.921, p = 0.160). See Figure 4.



























 Figure 4: Behavioural results in Experiment 2b - Content priming 



Percentage of positive trial responses by prior knowledge condition. No significant effects of prior knowledge about speech content were observed on CP task performance. 







				Neural results











The relevant windows of auditory processing were first addressed for single speaker (solo) speech using data from pre-listening stages, collated across all studies. See Figure 5. This clean speech grand-average TRF presented a characteristic triphasic response, where a smaller positive deflection is observed within the first 50-78 ms, corresponding to the P1 component. A negative peak, N1, is observed at approximately 125 ms. Furthermore, a greater positive peak, P2, emerges later at approximately 200 ms. The relevant windows of auditory processing during the CP stage were then defined from a non-parametric analysis of subject TRFs from attended and unattended speech at the no prior knowledge (NP) condition across all three experiments (71 subjects, see Statistical analysis). This initial test revealed significant modulations of selective attention on the attended versus unattended speech TRFs, i) between 31-78 ms (corresponding to the P1 window), ii) between 100-180 ms (N1 window), and iii) between 230-320 ms (P2 window), p = 1.5259x10−5. For all three windows, the differences related a higher amplitude for window-averaged TRF estimates to the target than the background speech. The three component windows were then fixed for statistical analyses of TRF data across all experiments.



 Figure 5: Auditory tracking of the envelope onset signals of solo and CP speech 

 

A. Auditory EEG distribution from the top spatial component resulting from the data-driven spatial filtering procedure that was applied to extract an auditory recording from EEG data (see Spatial filtering). B. Auditory temporal response function (TRFs) of clean and cocktail-party speech. Grand average of TRFs from 71 participants in pre-listening (clean speech condition, yellow) and CP-listening (NP-attended, blue). In the pre-listening condition, participants listen to a single speaker, which mimics optimal conditions for neural speech encoding. By contrast the NP-attended TRF represents processing of a target under the relatively less intelligible cocktail party paradigm. Despite differences in latency, three distinct responses are observed in auditory processing across both paradigms, the positive P1 component, the negative N1, and the P2. Across all studies, TRFs model the neural tracking of the envelope onsets of speech.



						Experiment 1. Full priming













To investigate the statistical interaction between selective attention and prior auditory experience/knowledge of a speech stimulus at each of the relevant speech processing stages (P1, N1, P2), a two-way repeated measures ANOVA was conducted per TRF component estimate of CP listening data.



								P1

















A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the P1 component did not reveal a statistically significant interaction between selective attention and prior knowledge (F(2, 66) = 0.105, p = 0.901). At this early stage, there was a significant main effect of selective attention (F(1, 33) = 7.015,  p = 0.012), and there was no significant main effect of prior knowledge (F(1.662, 54.833) = 0.987, p = 0.366). The data suggest that, while selective attention may modulate the neural tracking of onsets in the envelope of speech at this early stage (Figure 6), this modulation may not be influenced by prior experience of the target or masker auditory stimuli.



 Figure 6: Results from Experiment 1 - Full priming 



A. TRF models of neural tracking of the envelope onsets from attended (blue) and unattended speech (red), across prior knowledge conditions. The shaded areas represent the standard error of the mean. The thick bars on the time axis represent analysis windows corresponding to the P1, N1, and P2. The shaded areas represent the standard error of the mean. B. Interaction between attention and prior knowledge at the P2 stage. TRF estimates of the P2 (230-320 ms) from attended and unattended streams under AK, UK and NP conditions, where a significant decrease of the P2 corresponding to the target stream is observed under  priming. 



								N1















A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the N1 component did not reveal a statistically significant interaction between selective attention and prior knowledge (F(2, 66) = 1.488, p = 0.233). At this relevant stage, there was a significant main effect of selective attention (F(1, 33) = 26.568, p < 0.001), and there was no significant main effect of prior knowledge (F(2, 66) = 0.221, p = 0.802). The data are in agreement with previous findings that selective attention may modulate the neural tracking of onsets in the envelope of speech at this stage, with enhanced responses to the target versus masker speech (Figure 6). The results however do not support the hypothesis that such modulation is influenced by prior experience of the target or masker auditory stimuli.



								P2

















A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the P2 component revealed a statistically significant interaction between selective attention and prior knowledge (F(2, 66) = 4.745, p = 0.012). At this late stage, there was a significant main effect of selective attention (F(1, 33) = 49.128, p < 0.001), and there was no significant main effect of prior knowledge (F(2, 66) = 2.927, p = 0.061). The data are also agreement with previous findings that selective attention may modulate the neural tracking of onsets in the envelope of speech at this stage, with enhanced responses to the target versus masker speech (Figure 5). The results however indicate that such modulation is influenced by prior experience of the target or masker auditory stimuli.

	To address the significant interaction, the effect of prior knowledge was evaluated on post-hoc analyses of attended and, separately, unattended speech . A one-way repeated measures ANOVA (Experience) conducted on TRF estimates of the P2 component related to the attended stream revealed a significant effect of prior knowledge (F(2, 66) = 7.186, corr. p = 0.004). A similar analysis conducted on estimates related to the unattended stream did not reveal a significant effect of prior knowledge (F(2, 66) = 0.044, corr. p > 0.957). Hence, priming modulated the neural coding of envelope onsets from the attended stream, while for unattended streams these responses remained similar across priming conditions.

Subsequent post-hoc pairwise comparisons of TRF estimates of the attended stream at the P2 stage revealed a significant difference between AK and NP conditions (corr. p = 0.006). As a result of target priming, a considerably reduced P2 was observed for known targets in comparison to control conditions. However, neither the NP vs. UK (corr. p = 0.289) nor the AK vs. UK (corr. p = 0.082) comparisons reached statistical significance. See Figure 6.

In summary, the results confirm that, in the cocktail party paradigm, selective attention improves the neural tracking of envelope onsets from attended speech compared to unattended speech at the P2 stage. This enhancement can be modulated by prior experience, indicated by reduced tracking of envelope onsets from attended speech if the same single auditory stimulus has been fully primed. This prior experience had an impact on the late neural tracking of attended speech.





						Experiment 2a. Voice priming















To investigate the statistical interaction between selective attention and prior auditory experience/knowledge of a speaker’s voice at each of the relevant speech processing stages (P1, N1, P2), a two-way repeated measures ANOVA was conducted per TRF component estimate of CP listening data.





								P1

















A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the P1 component did not reveal a statistically significant interaction between selective attention and prior knowledge (F(2, 30) = 0.087, p = 0.917). At this early stage, there was no significant main effect of selective attention (F(1, 15) = 3.532, p = 0.080), and there was no significant main effect of prior knowledge (F(2, 30) = 1.293, p = 0.289). The data from Experiment 2a do not confirm the finding from Experiment 1 that selective attention may modulate the neural tracking of onsets in the envelope of speech at this early stage. Similar to Experiment 1, this component was not found to be influenced by prior experience of the target or masker speaker’s voice.
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A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the N1 component did not reveal a statistically significant interaction between selective attention and prior knowledge (F(1.416, 21.235) = 0.014, p = 0.958). At this relevant stage, there was a significant main effect of selective attention (F(1, 15) = 17.179, p = 0.001), and there was no significant main effect of prior knowledge (F(1.453, 21.792) = 2.496, p = 0.118). As in Experiment 1, the data are in agreement with previous findings of auditory object segregation via enhanced responses to foreground versus background speech at this stage (Figure 7). Similarly, the results do not support the hypothesis that such modulation is influenced by prior ex  perience of the target or masker speaker’s voice.

 Figure 7: TRF results from Experiment 2A - Voice priming 

TRF models of neural tracking of the envelope onsets from attended (blue) and unattended speech (red), across speaker’s voice prior knowledge conditions. The shaded areas represent the standard error of the mean. The thick bars on the time axis represent analysis windows corresponding to the P1, N1, and P2.
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A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the P2 component did not reveal a statistically significant interaction between selective attention and prior knowledge (F(2, 30) = 1.019, p = 0.373). At this late stage, there was a significant main effect of selective attention (F(1, 15) = 16.108, p = 0.001), and there was no significant main effect of prior knowledge (F(1.318, 19.771) = 1.009, p = 0.351). The data are also in agreement with previous findings that selective attention may modulate the neural tracking of onsets in the envelope of speech at this stage, with enhanced responses to the target versus masker speech (Figure 7). The results however do not support the hypothesis that such modulation is influenced by prior experience of the target or masker speaker’s voice.







						Experiment 2b - Content priming















To investigate the statistical interaction between selective attention and prior auditory experience/knowledge of voiced content at each of the relevant speech processing stages (P1, N1, P2), a two-way repeated measures ANOVA was conducted per TRF component estimate of CP listening data.
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A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the P1 component did not reveal a statistically significant interaction between selective attention and prior knowledge (F(2, 40) = 0.201, p = 0.819). At this early stage, there was a significant main effect of selective attention (F(1, 20) = 8.982, p = 0.007), and there was no significant main effect of prior knowledge (F(2, 40) = 0.904, p = 0.413). The data from Experiment 2b replicate the finding from Experiment 1 that selective attention may modulate the neural tracking of onsets in the envelope of speech at this early stage. Similar to Experiments 1 and 2a, this component was not found to be influenced by prior experience of the target or masker speech content. See Figure 8.
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A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the N1 component did not reveal a statistically significant interaction between selective attention and prior knowledge (F(2, 40) = 1.122, p = 0.336). At this relevant stage, there was a significant main effect of selective attention (F(1, 20) = 8.025, p = 0.010), and there was no significant main effect of prior knowledge (F(2, 40) = 0.663, p = 0.521). As in Experiments 1 and 2a, the data are in agreement with previous findings of auditory object segregation via enhanced responses to foreground versus background speech at this stage (Figure 8). Similarly, the results do not support the hypothesis that such modulation is influenced by prior experience of the target or masker speech content.







 Figure 8: TRF results from Experiment 2b - Content priming 

TRF models of neural tracking of the envelope onsets from attended (blue) and unattended speech (red), across speech content prior knowledge conditions. The shaded areas represent the standard error of the mean. The thick bars on the time axis represent analysis windows corresponding to the P1, N1, and P2.
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A two-way repeated measures ANOVA (Attention × Experience) conducted on TRF estimates of the P2 component did not reveal a statistically significant interaction between selective attention and prior knowledge (F(2, 40) = 0.664, p = 0.520). At this late stage, there was a significant main effect of selective attention (F(1, 20) = 21.299, p < 0.001), and there was no significant main effect of prior knowledge (F(2, 40) = 0.352, p = 0.706). See Figure 8. The data also confirm Experiments 1 and 2a findings that selective attention may modulate the neural tracking of onsets in the envelope of speech at this stage, with enhanced responses to the target versus masker speech. Similarly, to Experiment 2a, the results however do not support the hypothesis that such modulation is influenced by prior experience of the target or masker speech content.





		Experiment

		Effect

		P1 (31-78 ms)

		N1 (100-180 ms)

		P2 (230-320 ms)



		

1 – Full priming

		Attention

		0.012

		<0.001

		<0.001



		Experience

		0.366

		0.802

		0.061



		Attention x Experience

		0.901

		0.233

		0.012



		

2a – Voice priming

		Attention

		0.080

		0.001

		0.001



		Experience

		0.289

		0.118

		0.351



		Attention x Experience

		0.917

		0.958

		0.373



		

2b – Content priming

		Attention

		0.007

		0.010

		<0.001



		Experience

		0.413

		0.521

		0.706



		Attention x Experience

		0.819

		0.336

		0.520



		Table 3: Summary of neural results. 

Summary of statistical significance levels for interactions and main effects across components and experiments, during speech envelope onset EEG tracking. Bold entries indicate significant effects (a<0.05).









Chapter 6 Discussion				General discussion











In demanding auditory situations, like a party, the human brain must allocate necessary resources to process relevant information. Prior experience with voiced speech input may enable the brain to form predictions that influence how speech is processed at subsequent times (Daly and Pitt, 2023; Pinto et al., 2019). Given the simultaneous operation of two complex cognitive mechanisms, attention and experience, this study investigated the impact of prior knowledge on the selective processing of speech during a ‘cocktail party’ task. Auditory processing in the human cortex was addressed using temporal response function (TRF) models from single-trial EEG recordings. To evaluate the effects of priming elements of speech in multi-talker environments, we focused on the three stages that were identified as modulated by attention, and which are typically associated with speech processing of envelope onset cues. Three experiments were designed to address whether and when does prior knowledge impact processing – from priming based on the lower-level analyses of acoustic features of vocal cues, to priming based on the higher-level analyses of lexical and semantic content.



In line with previous results, our data confirm findings of significantly enhanced N1 and P2 components of the TRF for attended compared with unattended speech, two processing stages typically modulated by selective attentional mechanisms. The main result of this work is however the observation of a significant interaction between attention and experience, observed during the late stage of envelope onset processing. Specifically, a reduction in the P2 component encoding of the attended stream was observed when the target was fully primed, i.e., when the identical auditory stimulus was presented masker-free beforehand. As for performance, target priming facilitated the comprehension compared to masker priming. We further provide some evidence of a modulatory effect of selective attention on the P1 stage.

				Cortical processing under full auditory priming of a cocktail party speech stimulus











 Behavioural responses showed that clean primed auditory objects promoted accurate comprehension when they subsequently acting as targets amid masking, then as the competing maskers of an unprimed target. These behavioural results are consistent with enhanced object detection by prior experience, resulting in a benefit to selective attention when the same object is a target, but interfering with by attentional capture it if presented as a distractor. Secondly, in the masker priming condition, the performance was poorer, suggesting an interference effect due to previous experience.



In parallel, neural responses of listeners to each speech object were analysed using the TRF technique (Crosse et al., 2016). Mapping from acoustic envelope onset features of each speech stimulus to their corresponding cortical tracking dynamics, listeners’ neural responses were compared according to whether target or masker objects were primed or not. Mirroring cortical tracking results from clean speech “pre-listening” conditions, the neural representation of both target and masker auditory objects was found to display a similar triphasic structure, albeit with amplitude and delay variations in the P1, N1, and P2 components of attended and unattended streams. At the early stage of processing (P1), the temporal response functions (TRFs) of both streams were similar in terms of prior experience. We obtained evidence of an attentional modulation in the P1 stage, which was however not modulated by prior experience. While the P1 component is associated with the facilitation of sensory processing (Haykin and Chen, 2005), task-relevant visual spatial attention has been shown to enhance P1 (Luck,  et al., 1990). Although this is typically observed in visual processing, similar attentional mechanisms may be implicated in auditory processing in this context (Brodbeck et al., 2020).



Our results also replicated the characteristic modulation of the N1 component by attention, in the form of a significant enhancement of the attended stream compared to the unattended speech, across condition. This represents a stage of processing proposed to reflect auditory object formation and segregated (Ding and Simon, 2012). 



Importantly, the full priming study results indicated a modulation of attention and experience, with a significant interaction between attention and experience in the P2 processing stage. The result suggests that knowledge of a clean speech stimulus prior to its repetition in masked ‘cocktail-party’ form leads to reduced neural processing, as participants may anticipate with clarity the full auditory object, in particular, when to expect its temporal edges. These results are consistent with findings that precise temporal expectations about the occurrence and type of speech sounds lead to reduced P2 (and possibly even also N1) components (Pinto et al., 2019). In their study, the researchers addressed speech perception using syllables and audiovisual stimuli presentations. The conditions of their study included complementing the auditory stream with visual cues of the presentation timing and/or of lexical identity, both of which were effective to reduce the components’ level of activation. 



The present findings demonstrate that the neural mechanisms involved in selective attention may be subject to modulatory changes by repetition suppression. In the case of the P2 stage, commonly associated with semantic processing (Broderick et al., 2020), cortical activity still prioritized the parsing and segmentation of auditory events associated with the attended speaker suppressing; yet, prior exposure to its clean version led to activity reduction. In interpretations from predictive coding frameworks, coincidence with prior expectations produces a reduction in prediction error responsible for reduced neural activity (Broderick et al., 2019; Park et al., 2023). The decrease may also be due to differing parsing and segmentation processes normally cued by onsets of the speech envelope, for example, through diminished populations of neurons or narrower timeframes involved (Grill-Spector et al., 2006). The effective attenuation through gradual learning suggests an adaptive response that is based on task demands, introduced by the neural savings made when of re-processing, e.g., re-segmenting, the target stream.

				Cortical processing under voice priming of a cocktail party speech stimulus









In Experiment 2a, participants underwent a pre-listening phase where they may be exposed to the speaker’s voice. We had hypothesized that this brief experience may influence their perception of the same speaker presented within a competing masker, and the neural processing associated with segregating new sentences.

The performance data did not show a modulation by prior experience of speaker voice on the task. Previous research suggests the influence of voice familiarity on speech processing in scenarios with competing stimuli, when such experience has been gained over the long-term (Johnsrude et al., 2013). However, whether performance improvements by experience of voice stands under masking as it does in clean condition remains unclear (Daly and Pitt, 2023). Whether participants achieve greater accuracy under masker priming with long-term familiar voices may be worth further investigation in future studies, as familiarity with vocal musical distractors has been shown to assist enhance task comprehension (Brown and Bidelman, 2022) for instance. 

In terms of neural encoding, attentional modulations were first observed at the N1 component, with the attended response eliciting a larger amplitude compared to the unattended response. As in the previous experiment, a similar modulation was found at the P2 component but, by contrast, this time we did not find any significant interaction effects with prior knowledge, such as activity reductions by target priming.  It is important to note that, in this experiment’s comprehension task, participants solved the cocktail party for an unknown message. In this case, the envelope onsets from the target speech (or the masker) yield a different temporal pattern as the sentence content has changed, despite the voice being the same. 

				Cortical processing under content priming of a cocktail party speech stimulus











In Experiment 2b, we examined the impact of prior knowledge about high-level lexical and sentential semantic information on neural segregation of speech. Participants first underwent a brief pre-listening phase where they could be exposed to a clean sentence that paraphrased one of the two speech stimuli, from two new, independent speakers, at the upcoming cocktail party mixture. We did not find that such prior exposure influenced their comprehension in the task however, as behavioural results revealed similar performance levels across conditions. As in Experiment 2a the target stimulus was not identically distributed over time as the primed subset of information about the target, which may matter for segmentation purposes. The null behavioral results of prior experience may suggest that partial foreknowledge of the message may not be sufficient to predict speech in the current behavioral task, which demands detailed speech information on short (e.g., ~10 s) timeframes. 

In terms of neural processing of speech envelope onsets, the P1 responses showed a significant attentional effect, as in Experiment 1, suggesting early attentional segregation around 50 ms post-stimulus.  Auditory responses at this staga may be dominated by excitatory activity triggered by the auditory scene's acoustic characteristics and physical features (Grunwald et al., 2003; Lewald and Getzmann, 2015), which have been linked to bottom-up mechanisms and potentially subject to interaction with top-down processes (Shinn-Cunningham, 2008). In the case of the N1 component, we again found an enhanced response for the attended stimulus compared to the unattended stream across priming conditions. The modulation was not influenced by prior semantic knowledge, which was a consistent null result across studies. Moreover, in the present study, as in Experiment 2a, we did not find any significant interaction by experience with selective attention at the level of the P2 component. In both cases, the temporal patterns of onsets in the envelope of individual speech streams did not coincide with the clean speech presented at pre-listening stage. We propose that he lack of repetition suggestion here suggests that this stage may be directly concerned with top-down processing leading to segmentation of an ‘unmasked’ representation of the stimulus generated post the N1 stage.

				Auditory processing of clean and masked speech











Our results are generally consistent with observations that the auditory processing of clean and masked speech are processes that occur in stages. Our findings include evidence of cortical encoding of transient increases in the speech envelope that is organized in a triphasic profile, as in previous studies (Fiedler et al., 2019; Gansonre et al., 2018, Kraus et al., 2021; Wikman, et al., 2024, Peterson et al., 2017, Han, 2010). It begins with a small positive deflection that reaches its peak within 50 ms of the encoding response, corresponding to the P1 component that is also observed in the ERP literature. The P1 component has been associated with acoustic feature analysis of speech, involving Heschl’s gyrus in primary auditory cortex (Brodbeck et al., 2020). Neural generators of the P1 may also include the hippocampus, the planum temporale posterior to the auditory cortex, and the lateral temporal cortex (Han, 2010). This stage is often related with bottom-up processing, and may be relevant for processing target features, such as timbre, intensity, or location (Nakagawa et al., 2014). After the P1, the N1 emerges as a negative peak around 125 ms. Evidence suggests that this component plays a central role in auditory segregation, since it is modulated by top-down mechanisms that influence auditory selectivity according to task demands (Hillyard 1973;  Ding & Simon 2012; Zion Golumbic et al., 2013; Brodbeck et al., 2020; Fiedler et al., 2019). At a later stage of processing (approximately 200 ms latency), the P2 appears as a prominent positive peak (Alain and Tremblay, 2007, Wang et al., 2020, Verschueren et al., 2018). The P2 component could be considered in relation to the auditory encoding of the effectively tracked target, including access to its higher-order lexical and contextual information. Yet, the extent to which ignored stream information remains processed at this stage is unclear, as there are magnetoencephalography reports of residual representations in place (Brodbeck et al., 2020). Using EEG, Fiedler et al. (2019) for instance did not find neural tracking of the ignored speaker at the P2 stage.



Chapter 7 Conclusions

The cocktail party scenario presents a challenge for current studies of auditory processing. This thesis set out to survey the involvement of priming effects on neural responses to speech temporal cues that are modulated by selective attention in the cocktail party.  The study found evidence of such interaction as a result of full prior knowledge of the target, which led to reduced P2 activation. While substantial, the reduction nevertheless did not override the attentional enhancement effect that is usually observed at this late stage of processing. The neural changes were in this case accompanied by behavioral benefits of increased accuracy in the comprehension task, underscoring an improved target detection under a now facilitated selective attention process. Critically, the reduction was exclusive to priming of the identical target sequence at the clean speech. The reduction, and generally, interaction, disappeared in cases of partial experience of target information, including prior knowledge of the speakers’ voice or of the speech content. Because of this, we consider that P2 envelope onset coding may involve the operation of segmenting the neurally unmasked version of target speech, a process that would have only been repeated under full priming conditions here. As for the N1 component, our results systematically confirmed known attentional modulation effects, for a stage that is considered to reflect the formation and segregation of auditory objects. Contrary to a previous report (Wang et al., 2019), we did not observe evidence of priming at this stage. In additionally, new findings are reported for the P1 stage of processing (P1) of a weak selective attentional effect, which suggest the early presence of biased representations of a speech mixture with partial filtering of irrelevant information. Overall, the thesis contributes valuable insights into the implications of priming effects on neural mechanisms underlying selective attention in complex listening environments. This provides avenues for further research in auditory processing and attention.



Chapter 8 Limitations

Moving forward, incorporating experimental designs that encompass a holistic view of the complex phenomenon of learning in the cocktail party problem is crucial. This necessitates venturing beyond unimodal auditory interventions and incorporating natural contexts that integrate multimodal input, reflecting the real-world scenarios where listeners actively engage with speech. Our initial aim was to investigate auditory processing under at least two levels of priming, voice and content, yet our general approach was limited to the coding of the speech envelope onsets, a low-level auditory feature. Behavior was further assessed against anovel scoring system that may not have accounted relatively more for higher-level semantic processing such as words and topic than low-level auditory processing, such as gender and age recognition. Future studies may use different tasks and scoring systems to specifically evaluate outcomes of specific low-level auditory or high-level semantic processing.

Furthermore, as the study set out to address the interaction between attention and experience, the sample size differed across the three experiments which may have resulted ininconsistent observations of the weak attentional effect at the P1 stage. This effect was present across the larger collection of control data (N=72, NP trials), and was replicated in the Full priming (N=35, all conditions) and Content priming (N=21, all conditions) experiments. The early attentional modulation only appeared to approach marginal statistical significance in the Voice priming (N=16) experiment. For this, a power analysis is recommended in future research aiming to confirm this early effect of attentional selection to guarantee an adequate sample size in its detection. 



Chapter 9
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Annex 1 Information sheet













Figure 9. Information sheet presented to participants































Annex 2 Informed consent











Figure 10. Informed consent











































Annex 3

Edinburgh Handedness Inventory



Figure 11. Figure A.3: Edinburgh Handedness Inventory





















    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  











    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  







    

  

  



















  











