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Abstract 
In everyday listening, speech perception occurs under conditions where acoustic 
information may be incomplete or ambiguous, including background noise and 
variability in signal quality. Listeners must navigate ambiguous, masked or rapidly 
unfolding speech signal in order to comprehend spoken language. While prediction 
has been widely discussed and acknowledged in speech perception, less is known 
about how listeners predict upcoming information when acoustic cues are limited or 
ambiguous particularly at the early points of the speech signal. This thesis 
investigated how listeners anticipate upcoming sounds and update predictions 
during speech perception, focusing on the fine-grained acoustic cues in the rapidly 
unfolding speech signal. It also explored how these processes are influenced by 
individual extended high-frequency hearing thresholds, background noise and 
spectrotemporal dynamics in the signal. By combining behavioral tasks, 
electroencephalography and audiological assessments, the thesis traced speech 
processing from acoustic detail to auditory perception and neural activity in the 
cortex. Taken together, across studies, the findings suggested that listeners used 
fine-grained acoustic cues to anticipate upcoming speech sounds and that the 
differences in these predictions were affected by what listeners were able to access 
from the signal. By integrating behavioral, audiological, and neural evidence across 
paradigms, this thesis offers insights into how speech perception unfolds 
dynamically over time through the interaction of early acoustic information and 
listeners’ expectations and individual differences in hearing. 
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1.Introduction  

Speech perception involves multiple levels of processing in the human brain. It 
begins with the ear capturing fine-grained acoustic cues and ends with the brain 
making sense of it as meaningful pieces of information. This process often happens 
so swiftly that we hardly notice the complexity. Speech is an acoustically and 
informatively rich signal composed of adjacent phonemes. It is rapid, dynamic and 
coarticulated, and every sound carries traces from neighboring sounds. Speech 
perception is, therefore, a complex yet fascinating process in which auditory and 
cognitive systems work together to make sense of a dynamic and often ambiguous 
or masked auditory signal. Further, speech typically occurs in conditions of 
background noise, competing speech, and the need to extract relevant information 
and respond in real time. Despite the variability of the speech signal and the frequent 
presence of background noise and ambiguity, however, the human brain can process 
speech rapidly and accurately. In everyday communication, this complex processing 
happens rapidly, while the comprehension of speech often requires resolving 
ambiguity; for instance, the signal clarity can be affected by background noise or 
reduced hearing sensitivity, increasing the need to process early fine-grained 
acoustic cues available at word onset to sustain rapid perception. In these listening 
situations, people can still usually successfully comprehend what is said. This could 
be explained by listeners actively anticipating what comes next rather than passively 
waiting.  

The brain is proposed to work predictively, continuously generating predictions 
about upcoming input to minimize surprise and updating predictions when the input 
does not match the expectation (Friston et al., 2012). Considering the rapid nature 
of speech and frequent adverse listening conditions, successfully processing speech 
requires anticipating upcoming speech sounds, or “filling in the gaps.” This would 
be one way to explain the brain’s resilience in perceiving speech even under adverse 
listening conditions. Studying how the human brain manages these conditions can 
reveal how speech perception operates under suboptimal conditions and how it 
adapts when speech input is partial, ambiguous, or overlapped with noise.  

This thesis investigates how listeners perceive and process speech predictively 
under varying conditions, using behavioral, audiological, and electrophysiological 
measures. A central focus is the time course of how rapidly unfolding acoustic cues 
affect spoken-word recognition and support predictive processing. Across four 
studies, it assesses speech perception from several perspectives: the predictive use 
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of fine-grained acoustic cues at word onset, the influence of hearing sensitivity on 
these predictions, how prosodic cues in noise can assist predictive speech 
perception, and the neural responses when these predictions are violated. 

1.1. Aim and research questions 
The overall aim of this thesis is to assess the temporal dynamics of how listeners 
use fine-grained acoustic information to anticipate upcoming speech and guide 
spoken-word recognition as the signal unfolds. The thesis also examines how this 
process is shaped by acoustic signal properties and individual differences in hearing 
profiles. The research question is thus how different constraints and listening 
settings shape listeners’ ability to anticipate speech using rapidly unfolding acoustic 
cues in real time. Speech perception depends on both acoustic encoding and 
linguistic processes. Therefore, the studies in the thesis manipulate different types 
of constraints to investigate how listeners use partial acoustic information for 
spoken-word recognition as the signal unfolds. In the present thesis, speech 
perception is investigated through the predictive use of specific acoustic cues one 
of which is coarticulation. Speech consists of overlapping sounds (Kent & Minifie, 
1977). For instance, word-onset speech sounds already carry acoustic traces from 
upcoming sounds. Another cue investigated here is prosody, where suprasegmental 
cues guide speech perception beyond the segmental level. In Swedish, word tones 
known as “word accents” signal the upcoming suffix, giving clues to the listener 
about how the word will unfold (Roll et al., 2015; Söderström, Horne, & Roll, 2017).  

Predictive speech perception was tested when the signal was only partially available 
(gating), when individual hearing sensitivity affected the access to subtle acoustic 
details (extended high-frequencies), when the speech signal was degraded by 
speech-shaped noise (prosodic cues masked by noise), and when the early cues were 
misleading (fine-grained coarticulatory cues mismatched using cross-splicing). 
Together, these studies provide an ear-to-cortex view of prediction, linking the 
accessibility of fine-grained acoustic cues, hearing acuity, and neural correlates of 
predictive speech perception.  
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Study Focus 

Study 1 Behavioral investigation of how 
listeners rapidly use fine-grained 
acoustic information during spoken-
word recognition, using a gating 
paradigm. 

Study 2 Combined audiological assessment 
and behavioral responses to fine-
grained acoustic cues, focusing on 
individual differences in standard 
(0.25–8 kHz) and extended high-
frequency (up to 16 kHz) hearing 
thresholds. 

Study 3 EEG study of speech perception in 
noise, using prosodic patterns as 
cues, speech-shaped noise masking, 
and cross-splicing manipulations to 
assess neural correlates of predictive 
speech processing in challenging 
listening conditions. 

Study 4 EEG study employing a cross-
splicing paradigm to investigate 
neural responses to fine-grained 
acoustic congruency and the 
temporal dynamics of anticipatory 
and onset-following dynamics.  

Table 1. Studies included in the thesis and the individual focus of each study 
 

Four central questions guided this thesis. First, the thesis asks how early in the 
spoken-word signal predictive information becomes available, investigating 
whether the first few milliseconds of word onsets carry enough acoustic cues to 
facilitate word recognition for words in isolation. The second question was whether 
individual differences in hearing sensitivity, particularly extended high-frequency 
hearing thresholds, support access to fine-grained acoustic cues and affect the 
predictive use of these cues. Third, it was investigated whether prosodic cues 
continue to serve as reliable predictive cues when the speech signal is degraded by 
noise masking and how the brain adapts when prediction needs to rely on prosody 
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under adverse listening conditions. Finally, it was scrutinized how rapidly the brain 
extracts and evaluates fine-grained acoustic cues and how predictive updating is 
reflected in electrophysiological responses when those cues do not align with the 
upcoming information within the unfolding signal. At a broader level, these 
questions asked how the brain generates and updates predictions when the speech 
signal is uncertain and which acoustic and auditory factors affect this process as the 
signal unfolds and becomes ambiguous. Finally, this thesis examined how the brain 
operates under conditions of uncertainty in the speech signal. The following 
chapters address these questions through four studies.  

 

The four studies in this thesis address these mechanisms from different perspectives, 
combining audiological assessment, behavioral evidence and neural 
electroencephalographic (EEG) measures across studies to investigate how hearing 
sensitivity, fine-grained acoustic cues, and prosodic cues support prediction and 
how the brain responds when expectations are violated.  
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2.Background 

2.1. Auditory processing 
The human auditory system is capable of processing a range of frequencies from 20 
to 20,000 Hz (Schnupp et al., 2010). The sound signal travels from the cochlea to 
the auditory cortex (Söderström, 2024). The cochlea converts the vibrations to 
neural signals, preserving spectral details. These signals travel through the cochlea,  
and on to subcortical and cortical stages of the auditory system, where frequency, 
timing, and intensity-based information is further organized and processed (Zatorre, 
2024). Speech is a complex signal, and in everyday listening, it rarely occurs in 
isolation without the presence of accompanying background noise. Therefore, 
before speech can be recognized or mapped onto meaning, the auditory system 
needs to continuously separate overlapping acoustic signals to identify the relevant 
acoustic stream. Auditory scene analysis (ASA) (Bregman, 1990) describes how the 
auditory system can segregate auditory objects in complex acoustic environments 
by grouping sounds that share temporal and spectral characteristics. Beyond 
perceptual grouping, the auditory cortex supports complex representations of sound. 
Insights from primate neurophysiology and human neuroimaging highlight 
hierarchical cortical pathways that represent auditory objects, spatial cues, and 
speech-relevant acoustic patterns (Scott, 2005). These maps and streams are thought 
to provide the neural foundation for human speech perception (Rauschecker & 
Scott, 2009).  

2.2. Speech perception 
 

Speech perception lies at the intersection of multiple scientific disciplines that 
together examine the pathway from ear to cognition. It connects the peripheral 
auditory system, which encodes acoustic information, with the neural and cognitive 
mechanisms that transform these continuously changing acoustic signals into 
meaningful linguistic pieces. This complex yet rapid process has been studied over 
several decades from multiple different perspectives. To this date, several 
theoretical frameworks have been developed to explain how the auditory system 
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and cognitive mechanisms work together to accomplish the transformation from 
sound to meaning.  

Hypotheses about the human brain’s ability to perceive speech despite the 
complexity of the signal have been shaped by debates over if the speech is processed 
through mechanisms unique to language or through general auditory and cognitive 
principles. Early frameworks proposed different mechanisms to explain how 
listeners achieve fast and accurate speech processing. One influential perspective in 
speech perception was the Motor Theory of speech perception (Liberman et al., 
1967; Liberman & Mattingly, 1985). It proposed that listeners perceive speech with 
the help of internal simulation of articulatory gestures and defined speech 
processing as “special” compared to other cognitive processes. Although a later 
review by Galantucci et al. (2006) re-evaluated the Motor Theory within a broader 
ecological framework, they weakened its central claim by arguing that while 
perception and production could be linked by shared systems, speech perception 
may not be a special process.  

Episodic-based views of lexical access have proposed that the perceptual details of 
spoken words may be retained in memory and influence subsequent speech 
perception (Goldinger, 1998). Similarly, exemplar-based approaches propose that, 
for example, a phoneme is represented as distributions of stored tokens that preserve 
fine-grained acoustic/phonetic variation across experiences (Pierrehumbert, 2001).  

Beyond questions of representational views, a large body of work has focused on 
the dynamics of lexical activation. They have examined how the spoken words are 
activated and compete with lexical candidates over time. Neighborhood activation 
models discuss activation as the speech signal unfolds with recognition speed and 
accuracy influenced by lexical frequency and lexical competition (Luce & Pisoni, 
1998; Goldinger et al., 1989). 

Classic models of spoken-word recognition, such as the Cohort and TRACE models, 
explained interactive processing in terms of partial acoustic inputs activating word 
candidates, and higher-level lexical context feeding back to assist perception 
(Marslen-Wilson & Welsh, 1978; McClelland & Elman, 1986). Shortlist 
(connectionist) model (Norris, 1994; Norris et al., 1997) and Shortlist B (Bayesian) 
(Norris & McQueen, 2008) treat spoken word recognition as a process of 
competition among lexical candidates that is updated dynamically as the speech 
signal unfolds. Together these models highlight the incremental processing in 
speech perception as early acoustic information shaping expectations about 
upcoming information.  
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2.3. Anticipatory neural processing in auditory and 
language perception 

One of the most prominent frameworks to explain the perception mechanism of the 
human brain is predictive coding (Clark, 2013; Friston et al., 2012; Friston, 2005; 
Rao & Ballard, 1999). Instead of passively waiting, the brain is considered to 
continuously generate expectations about upcoming information, actively 
comparing it to the sensory input, which reflects a neural response called prediction 
error, and leads to an update of the inner predictive model (Garrido et al., 2009; 
Friston et al., 2021). Thus, within the predictive coding framework, perception 
arises from continuous interplay between top-down and bottom-up signals (Friston 
& Kiebel, 2009).  

At the sensory level, the auditory system shows sensitivity to patterns, and these can 
be tracked using electroencephalography (EEG). The N100, a negative-going 
evoked or event-related potential (ERP) following the onset of auditory stimulus 
peaking approximately around ~100 ms, has been reported as reflecting early 
auditory processing as it is sensitive to acoustic properties of the stimulus (Näätänen 
& Picton, 1987). Beyond responding to irregularities, N100 has also been linked to 
predictive processing and its amplitude is modulated by the predictability and 
informational value of upcoming sounds (Schröger et al., 2015) as well as by 
attention (Astheimer & Sanders, 2009, 2011).  

The mismatch negativity (MMN) is elicited as a response to irregular, unexpected 
auditory stimuli (Näätänen, 2000). It has also been proposed as a neural index of 
prediction error, reflecting model updating (Friston, 2005; Wacongne et al., 2012). 
Importantly, such mechanisms are not limited to tone frequency changes; MMN was 
also reported for infrequent syllables and speech sounds (Näätänen et al., 2007).  

Beyond scalp-recorded ERPs, Parras et al. (2017) investigated prediction error from 
single-neuron activity at various stages of the auditory pathway in rodents and 
observed mismatch responses consistent with prediction error already at subcortical 
levels and increasing toward the auditory cortex. These findings suggest the 
auditory system is sensitively tracking patterns and flagging changes.  

Considering that language comprehension involves rapidly integrating complex and 
hierarchically structured information, it is a complex yet remarkably fast process 
extending basic sensory prediction. However, the human brain is still able to decode 
linguistic input within fractions of a second. Therefore, to understand the process 
and its aiding structures, it has been studied over decades (Kutas & Federmeier, 
2011; Van Petten & Luka, 2012). Increasing recent evidence suggests that the brain 
is operating hierarchically during spoken language comprehension, with cortical 
regions representing information at distinct levels and time scales (Schmitt et al., 
2021; de Heer et al., 2017; Heilbron et al., 2022).  
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Studies at the sentence level of speech perception have shown how a word is 
processed when it is supported by the sentence context (Brothers & Kuperberg, 
2021; Staub, 2015). When a sentence starts unfolding, the brain activates possible 
continuations anticipatorily (Levy, 2008).  

Event-related potentials have a long history in the study of language processing  to 
map the temporal progression from early auditory encoding to semantic access 
(Federmeier et al., 2016). One of the widely researched ERP components is the 
N400, a negativity peaking approximately at 400 ms following stimulus onset. It 
was first reported by Kutas and Hillyard (1980) and discussed as the brain’s reaction 
to semantic incongruency. It has been associated with semantic processing and with 
the effort required to integrate linguistic information into context (Lau et al., 2008). 
While N400 has been discussed widely regarding its function to index lexical 
access, several studies (MacGregor et al., 2012; Gosselke Berthelsen et al., 2020) 
have found that the brain is sensitive to lexicality already at around ~50 ms after 
disambiguation between words and pseudowords.  

Similar to N400 studies, using linguistic violations, syntactic encoding processes 
have also been researched in language studies. The P600 was originally reported by 
Osterhout and Holcomb (1992) as a positive ERP shift evoked by syntactic 
anomalies, peaking around 600 ms after the anomaly. These findings were later 
extended suggesting the P600 is not limited to syntactic anomalies but is also 
observed when listeners attempt to repair thematic-role violations (Kuperberg et al., 
2003). Late positivities are often argued to form part of the P300 component family 
(Polich, 2007). This positive-going evoked potential was first reported by Sutton et 
al. (1965) elicited by uncertainty and named P300. Later, it was considered as 
related to context updating and working memory (Donchin, 1981). Strauss et al. 
(2015) found the P300 was present during wakefulness but disappeared during sleep 
as a prediction-error response, while early mismatch responses (i.e., N1, N2) 
remained detectable across sleep stages. These results together suggest that the P300 
reflects a response to uncertain events that require additional evaluative processing, 
and context updating (Donchin & Coles, 1988). In predictive coding, it can be 
thought to index model updating (Roll et al., 2023).  

Earlier mismatch-based processes can be observed in the phonological 
mismatch/mapping negativity (PMN), which is a negative-going ERP component 
elicited by unexpected phonemes, reported by Connolly and Phillips (1994) to 
reflect pre-lexical processing (Connolly et al., 2001; Newman et al., 2003; 
Archibald & Joanisse, 2011; Connolly et al., 1992). The PMN is considered not to 
be tied to semantics as it has also been elicited in non-word stimuli (Newman & 
Connolly, 2009).  

The pre-activation negativity (PrAN) is an ERP component indexing the predictive 
strength of anticipatory cues. It is reported as a negativity following the cue onset 
between 136-200 ms, indexing how the listener can anticipate the upcoming 
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information (Söderström et al., 2016; Roll, 2022; Roll et al., 2023; Roll et al., 2015). 
PrAN has been proposed to reflect feed-forward prediction processing, unlike 
components signaling prediction error (i.e. MMN and N100) and has been 
dissociated from the P200 (Roll et al., 2013; Roll et al., 2023). Studies using 
Swedish word accents have shown that accent 1 evokes a larger PrAN compared to 
accent 2. This increased negativity is reported as the predictive potential of the cues. 
Thus, PrAN provides a window into how prosodic cues (word accents) can support 
prediction at early stages of processing.  

Taken together, these ERP components illustrate how anticipatory processes in 
language operate at multiple hierarchical levels. From the earliest auditory 
responses to later components associated with phonological mapping, semantic 
access, pre-activation, and syntactic integration, ERP components collectively 
characterize the complex hierarchical nature of speech processing. 

Considering the earliest stages of this hierarchy for speech perception rely on 
information encoded in the acoustic signal, the next section focuses on the acoustic 
cues including segmental and suprasegmental cues that provide evidence for 
phonological and lexical expectations.  

2.4. Perceptual and neural processing of acoustic 
cues 

Currently, there are several theoretical frameworks and empirical approaches 
investigating the acoustic characteristics of the speech signal to understand how 
listeners extract linguistic information from a dynamic, highly variable sound signal 
(Diehl et al., 2004; Holt & Peelle, 2022). 

Given that the speech signal unfolds over time and the brain is considered to operate 
predictively, acoustic properties also contribute to this process. A large body of 
research showed that speech perception benefits from both segmental and 
suprasegmental cues (Roll et al., 2017; Söderström & Cutler, 2023; Roll, 2022; 
Gosselke Berthelsen et al., 2018; Roll et al., 2013; Söderström et al., 2012; Roll et 
al., 2011; Roll & Horne, 2011; Roll et al., 2010; Hjortdal et al., 2022; Roll et al., 
2023; Kwon & Roll, 2024). Neural responses during spoken word recognition have 
been associated with graded lexical activation as the word unfolds (Söderström & 
Cutler, 2023). 

Listeners can often identify spoken words before hearing the entire acoustic signal 
(Grosjean, 1980). The speech signal comprises multiple overlapping speech sounds. 
Coarticulation results in an acoustic signature where a segment is shaped by its 
surrounding phonetic context (Kent & Minifie, 1977; Fowler, 2005) and lexical 
processing is influenced by coarticulatory cues (Dahan et al., 2001; Marslen-Wilson 
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& Warren, 1994). Spectrotemporal dynamics in the signal due to coarticulation 
introduce variability, but this variability is structured rather than random. It has been 
shown to convey useful information that listeners can use as a cue to predict the 
upcoming sounds using graded acoustic patterns (Beddor et al., 2013; Bell-Berti & 
Harris, 1979). What listeners use behaviorally in these paradigms is consistent with 
how the auditory cortex represents speech through detailed spectrotemporal 
structure. Neural evidence from both invasive and non-invasive studies has 
suggested that the auditory cortex represents speech with detailed clarity and tracks 
the acoustic signal preserving the fine-grained acoustic patterns, allowing phonetic 
differences to be distinguished. Intracranial recordings in Heschl’s gyrus (HG) for 
instance, suggest that, at the earliest auditory stages, the brain encodes detailed 
acoustic information (Khalighinejad et al., 2021). Using ECoG, electrodes have 
been shown to respond selectively to acoustic patterns encoded in line with 
articulatory phonetic distinctions emerging from population-level tuning 
(Mesgarani et al., 2014). These findings suggest that the primary and non-primary 
auditory cortex represents detailed acoustic features of speech in real time. Using 
non-invasive fast optical imaging, Toscano et al. (2018) reported that the posterior 
superior temporal gyrus (pSTG) and planum temporale remained sensitive to 
continuous acoustic cues during approximately the first 200 ms of processing. 
Complementing these findings, a magnetoencephalography (MEG) study suggested 
that the auditory cortex shows sensitivity to phonological ambiguity as early as 50 
ms, while preserving subphonemic information over long timescales and re-evoking 
this information when later lexical input becomes available (Gwilliams et al., 2018).  

Across several methods and studies, one consistent observation is that the auditory 
system preserves and uses fine-grained acoustic detail. Behavioral and 
electrophysiological studies have shown that coarticulation and other subphonemic 
cues guide listeners’ expectations. Activity in auditory cortex has been reported as 
encoding such distinctions through detailed spectrotemporal patterns. Non-invasive 
evidence also echoes this sensitivity to continuous acoustic structure. Importantly, 
these details are not only decoded retrospectively, but they also support anticipatory 
perception. In line with the predictive use of acoustic cues, auditory regions such as 
primary auditory cortex provides the sensory evidence that feeds into higher levels 
of the hierarchy (Garrido et al., 2007). Higher-level predictions generate 
expectations about upcoming speech sounds, and activity in the STG can reflect the 
difference between expected and heard input when these prior expectations are 
violated (Gagnepain et al., 2012). Thus, segmental acoustic cues not only provide 
the blocks of phonetic structure but also form the basis for rapid predictions about 
how the speech signal will unfold. 

Beyond segmental detail, speech also carries suprasegmental cues. Prosodic patterns 
are a linguistically meaningful dimension of speech and can be used predictively as 
a cue to generate expectations about upcoming information during speech 
perception (Roll, 2022).  Swedish has a feature known as word accent, where pitch 
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patterns (Accent 1 and Accent 2) are associated with the stressed syllable (Elert, 
1964). In Central Swedish, Accent 1 is realized as a low tone (L*) and Accent 2, as 
a high tone (H*) (Bruce, 1987). Word accents are linked to upcoming morphological 
structure (Bruce, 1977; Riad, 2012). For instance, a word stem carrying accent 1 is 
a cue for an upcoming definite singular -en suffix, while accent 2 cues the plural 
suffix -ar. Thus, word accents provide an early prosodic cue that listeners can use 
to predict how the word is unfolding (Roll et al., 2010; Roll et al., 2017; Roll et al., 
2013; Roll et al., 2015; Söderström et al., 2016; Gosselke Berthelsen et al., 2018; 
Roll & Horne, 2011; Roll et al., 2009; Söderström et al., 2012; Söderström, Horne, 
& Roll, 2017; Söderström et al., 2023).  

When the suffix was cued by a word accent that did not match the upcoming signal, 
listeners showed increased response times (Söderström et al., 2012; Roll et al., 
2017). Studies using Swedish word accents have shown that violations of generated 
expectations (i.e. hearing another suffix than what the word stem prosody 
suggested) elicited P600 (Novén, 2021; Roll et al., 2013; Roll et al., 2015) and N400 
effects (Söderström, Horne, Mannfolk, et al., 2017; Novén, 2021; Roll, 2015). The 
responses mirrored prediction error signatures. The results of these studies 
demonstrate that prosodic cues such as word accents function as predictive cues, 
shaping early pre-activation and driving prediction error responses when the speech 
signal unfolds differently than expected based on stem tone and other expectations.  

In summary, segmental and suprasegmental (including coarticulation and word 
accents) evidence converges in the view that listeners make use of the acoustic 
patterns of speech to anticipate what is coming next. Speech perception benefits 
from anticipatory cues and the speech signal contains coarticulatory information, 
fine-grained acoustic details and prosodic patterns jointly supporting real-time 
prediction. The auditory system preserves spectrotemporal detail at multiple levels, 
as evidenced by several studies reporting the brain encoding of acoustic patterns, 
sensitivity to coarticulatory cues, and rapid cortical responses to prosodic cues, such 
as the pre-activation negativity as well as mismatch effects. These studies show that 
the brain integrates acoustic cues across various timescales to generate and update 
predictions during the unfolding speech signal. 

2.5. Acoustics, environment and listener-based 
constraints in perception 

Spoken language unfolds rapidly and continuously, and it contains several spectral 
and prosodic patterns. This complexity requires the listener to integrate information 
across multiple spectral and temporal levels. In everyday communication, this 
dynamic signal varies across contexts. Speech sounds also show considerable 
acoustic variability. For instance, while some fricatives have relatively flat spectral 
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energy (such as /f/), others, like /s/, present sharper spectral peaks (Jongman et al., 
2000) and traces from surrounding segments (Perkell & Matthies, 1992). This 
uneven pattern suggests that the perceptual system must flexibly interpret the signal 
as it unfolds over time.  

Speech perception typically occurs under acoustically challenging  environments 
and consists of overlapping sounds and background noise (Cherry, 1953). The 
acoustic signal is affected by a set of environmental and listener-based constraints 
that limit how clearly speech can be encoded and how efficiently the signal can be 
parsed. These constraints reduce the quality of incoming information, increase 
processing demands, and influence the perceptual strategies listeners use to maintain 
comprehension (Van Hedger & Johnsrude, 2022). 

The acoustic environment places possible constraints on perception by affecting 
how much bottom-up detail is available to listeners. Noise, distortion and poor 
signal-to-noise ratios affect the accessibility of fine-grained spectrotemporal and 
prosodic cues. However, not all cues are affected by noise the same way (see Mattys 
et al. (2012) for a review). For instance, prosodic cues have been shown to remain 
relatively robust under noise, allowing listeners to track durational patterns to locate 
word boundaries when acoustic detail is masked (Smith et al., 1989).  

Work on acoustically distorted speech shows that when the signal becomes less clear 
and intelligibility declined, cortical activity varies with these conditions (Davis & 
Johnsrude, 2003). Similarly, when the acoustic clarity is reduced listeners 
increasingly rely on higher-order cortical regions. For instance, spectral degradation 
has been found to strengthen functional connectivity across cortical regions with 
semantic predictability facilitating comprehension under intermediate levels of 
noise (Obleser et al., 2007). In multi-talker listening contexts, hearing-aid noise 
reduction has been shown to modulate early and late cortical representations of 
competing talkers in noise, suggesting that changes in acoustic enhancement may 
influence hierarchical speech representations (Alickovic et al., 2021). More 
generally, hearing aid noise reduction can enhance neural representations of speech 
while reducing representations of background noise (Alickovic et al., 2020).  

Taken together, under challenging listening conditions the brain does not give up, 
but instead continuously tries to decode and integrate the accessible information 
from the signal. However, the usefulness of cues and coping mechanisms depend 
not only on their spectral- or context-related informativeness but also on whether 
the listener is able to perceive and register them. Individuals differ in how they cope 
with speech perception under adverse conditions, and these differences influence 
the outcome of perceptual process. Under adverse listening conditions, when the 
input is challenging or ambiguous, listeners may rely more on their sensory and 
cognitive resources to follow the conversation.  

Several listener-based factors have been linked to individual differences and have 
been shown to influence speech perception, including working memory capacity 
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(Rönnberg et al., 2013), cognitive resources (Herrmann & Johnsrude, 2020), and 
attention (Pichora-Fuller et al., 2016). In adverse listening conditions, performance 
is further shaped by the interaction between perceptual abilities, cognitive abilities 
and linguistic processes (Mattys et al., 2025). Hearing sensitivity is one of these 
fundamental listener-based constraints on perception. Standard hearing assessments 
typically measure thresholds up to 8 kHz and classify listeners as “normal hearing” 
if the thresholds fall within clinically normal limits (≤ 20 dB HL). However, recent 
studies suggested that sensitivity in the extended high-frequency (EHF) range also 
influences speech perception (Hunter et al., 2020). Elevated EHF thresholds have 
been associated with poorer speech in noise performance even in situations where 
standard audiograms are normal (Motlagh Zadeh et al., 2019; Yeend et al., 2019). 
Moreover, EHF sensitivity has been linked to benefits in spatial and cocktail party 
listening, talker orientation detection and in naturalistic listening conditions (Badri 
et al., 2011; Trine & Monson, 2020; Monson et al., 2019).  

Taken together, these acoustic, environmental and listener-based constraints show 
that speech perception is shaped by the quality of the signal as well as the listener’s 
ability to access and interpret it. The perceptual system must work with whatever 
information is available at a given moment, and this availability may vary across 
listening conditions and across individuals. Understanding the nature of these 
constraints, therefore, requires considering both the presence of acoustic detail and 
whether listeners are able to detect and make use of it.  
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3. Methods 

This thesis employed a combination of behavioral paradigms, hearing assessments, 
and EEG recordings to investigate how listeners perceive and use acoustic 
information predictively for speech perception across different listening conditions. 
Across the studies, all participants were native Central Swedish speakers and had 
normal hearing based on pure-tone audiometry. Detailed sample characteristics of 
each study are reported in the original articles. Here, the methodological approaches 
are summarized. 

3.1. Stimuli 
In Study 1 and Study 2, the same set of stimuli was used. Twenty Swedish words 
with /s/ and twenty with /f/ onsets were selected to be used in a gating paradigm. 
The stimuli were recorded using a U47 FET microphone in a soundproof room. 
Using a RME Fireface UCX II sound interface and Universal Audio 6176 
preamplifier, the recordings were made at 44.1 kHz sample rate. The speech 
materials were designed to capture the temporal dynamics of spoken word 
recognition and the cues accessible for prediction. To achieve this, an adapted gating 
paradigm was used. This paradigm presents listeners with a speech signal with 
incrementally longer portions of the words as “gates” (Grosjean, 1980). First, a Praat 
(Boersma & Weenink, 2021) script was used to determine the word onset based on 
a predefined intensity threshold. After this procedure, each word was divided into 
four gates using another Praat script. The first gate starting from the word onset was 
15 ms, the second gate was 35 ms, third gate was 75 ms, and, finally, the fourth gate 
was 135 ms. The shortest gate was set to 15 ms starting from word onset to target 
early word-onset information.  

Figure 1 illustrates the gates showing the sound waveform and spectrogram with 
gating boundaries marked in red. Acoustic analyses were also performed to test the 
differences between /s/ and /f/.  
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Figure 1. Example stimulus (word sök) from the gating paradigm. Sound waveform (top) and 
spectrogram (bottom), vertical lines marking the gate boundaries (e.g. 15 ms, 35 ms).   

Center of gravity measures were extracted to analyze variance between and within 
fricatives (Wikse Barrow et al., 2022; Lulaci et al., 2022). The center of gravity of 
gates was computed using the built-in “centre of gravity” function in Praat. The 
effect of the following vowel on the onset fricative based on its articulatory features 
and the difference between /f/ and /s/ onsets were analyzed, confirming that /s/ and 
/f/ provided different useful acoustic cues at word onset. The band energy 
calculation function in Praat was used to calculate the high-frequency energy in 
onset fricatives. Detailed descriptions of the acoustic analyses are provided in the 
papers included in this thesis (Lulaci et al., 2025; Lulaci et al., 2024) 

In Study 3, the auditory stimuli were identical to those used in Roll et al. (2015), 
consisting of Swedish sentences recorded by a native Central Swedish speaker (for 
details of the acoustic analyses see Roll et al. (2015)). All sentences (‘NP got target 
word PP’) followed the same structure, and all target words had one of the two 
Swedish word accents (accent 1 and accent 2). The following experimental 
conditions were created through cross-splicing: matched accent and suffix, and 
mismatched accent and suffix. To test the resilience of prosodic cues under 
challenging conditions, speech-shaped noise was created using an adapted Praat 
script from Winn (2024). Signal-to-noise-ratios (SNRs) were set to SNR 0 dB and 
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SNR -5 dB using Praat with root mean square (RMS) scaling. Figure 2 shows an 
example from the stimulus list. 

 

 

Figure 2. Sound waveform examples of the sentence stimuli at the three noise levels used in Study 3. 
The clear condition (top) shows the unmasked speech signal, while the 0 SNR dB and –5 SNR dB 
conditions illustrate the same sentence mixed with speech-shaped noise. These plots are provided for 
visualization.  
 

Study 4 employed a cross-splicing paradigm with fricative-onset words. The words 
were selected from the list used for Study 1 and Study 2. Word onset fricatives were 
manually excised using Praat and spliced onto the continuation of another word. 
Boundaries were adjusted to the nearest zero crossing to avoid artifacts. This design 
allowed us to ensure that the stimuli sounded natural while introducing a mismatch 
between the word onset fricative and the following vowel + coda.  

3.2. Hearing assessment 
Hearing thresholds were tested for all participants as an inclusion criterion. Air-
conduction pure tone hearing thresholds were assessed in 5 dB-sized steps using a 
Callisto audiometer, Interacoustics (IEC60645-1 2017/ANSI S3.6 2018). Radioear 
DD450 headphones were used to present pure tones at 0.25-8 kHz (ISO 389-8 2004, 
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ANSI S3.6 2018) and EHF hearing thresholds at 9-16 kHz (ISO 389-5 2004, ANSI 
S3.6 2018). Pulsed tones were presented using the modified Hughson-Westlake 
method (Carhart & Jerger, 1959; Hughson & Westlake, 1944). All participants had 
normal hearing (250–8000 Hz ≤20 dB HL). In Study 2, which addresses extended 
high-frequency hearing thresholds, thresholds above 8 kHz were also tested for use 
in individual difference analyses. 

3.3. Behavioral methods 
Behavioral data were collected in all four studies. In studies 1 and 2, participants 
completed the gating paradigm described above. A two-alternative forced-choice 
(2AFC) paradigm was used; participants were asked which word they heard after 
listening to each gate, starting from the word onset. In studies 1 and 2, accuracy data 
were collected, and temporal dynamics were obtained from the gate information. 
Trial order was randomized and stimuli were presented in blocks. In studies 1 and 
2, multiple unique recordings per word were used to reduce stimulus-specific 
repetition effects. In studies 3 and 4, accuracy, selection preference and response 
times were collected.  

3.4. Electroencephalography 
EEG is a non-invasive technique that measures the brain’s electrical activity from 
the scalp using electrodes. The activity recorded comes from post-synaptic 
potentials of large populations of neurons, largely cortical pyramidal cells, and 
spans over tens to hundreds of milliseconds rather than action potentials of neurons 
(Luck, 2014). Neural activity was recorded in studies 3 and 4 to analyze the brain 
responses to matched and mismatched stimuli. EEG was recorded using 64 channel 
Easycap, and a SynAmps 2 amplifier through the NeuroScan Curry 7. Scalp 
electrodes’ impedances were kept below 5kΩ and mastoids were kept below 1kΩ. 
EEG data were pre-processed using EEGLAB (Delorme & Makeig, 2004) in 
MATLAB. The data were re-referenced to the mastoid average.  

After bandpass filtering at 0.05–30 Hz, the continuous EEG data were epoched 
starting from -200 to 800 ms relative to stimulus onset. 

3.4.1. Event related potentials  
Event-related potentials (ERPs) are voltage fluctuations in the EEG recorded at the 
scalp that are time-locked to specific events. ERPs provide a great opportunity to 
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understand human sensory and cognitive processes with high temporal precision. 
The millisecond-level temporal resolution of ERPs makes them well-suited to 
research questions concerning rapid cues. ERP components are usually defined by 
their polarity and latency in the waveform, even though their latencies may vary 
across different experiments (Luck, 2014). An example is the “P600,” a 
denomination used for voltage deflection with a peak around 600 ms following 
structurally unexpected stimuli (Osterhout & Holcomb, 1992). ERP analyses 
focused on components associated with speech and language processing as outlined 
in Section 2.3. Time windows of interest were defined based on established ERP 
literature for each ERP component (e.g. N400, P300, PMN). Analyses were not 
restricted to predefined electrode sites; instead, effects were examined across the 
scalp with interpretation guided by typical spatial distributions reported for each 
component (see Figure 3 for channel locations). 
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Figure 3. Electrode layout of the 64-channel EEG cap used in the experiments 
 

3.5. Statistical analysis 

3.5.1. Behavioral analysis 
Across four studies, behavioral data were analyzed using linear mixed-effects 
models (LMMs) and generalized linear mixed models (GLMMs), allowing the 
estimation of experimental effects while accounting for variability, including 
random effects and fixed effects (Bates et al., 2015). Analyses were conducted in R 
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Studio (R, 2024). Experimental factors were entered as fixed effects and random 
intercepts for both participants and items were included in the model. Sound files 
were uniquely coded and included as random intercepts in the statistical models to 
account for individual and item-level variability. Behavioral outcomes were 
described in terms of accuracy, response times, or selection preferences across the 
experiments. Over the four studies, to account for multiple comparisons, 
Bonferroni, family-wise error (FWE), or false discovery rate (FDR) correction was 
applied to p-values based on the particular study design. 

3.5.2. Neural analysis 
The neural analyses focused on temporal dynamics, making the event-related 
potential (ERP) technique ideal, given its millisecond-scale time resolution. Neural 
data were analyzed in MATLAB (MathWorks, 2024) and R (R, 2024). 
Electroencephalography (EEG) signals were time-locked to stimulus onset and 
averaged across trials, providing event-related potentials (ERPs). Mean ERP 
amplitudes were averaged from predefined time windows based on previous 
literature (e.g., PMN: 150–300 ms). Nonparametric cluster-based permutation tests 
(Maris & Oostenveld, 2007) including 10,000 permutations were used for ERP 
analysis using Fieldtrip (Oostenveld et al., 2011). Clusters (p<0.05) were FWE-
corrected. 
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4. Investigations 

4.1. Study 1 – Temporal dynamics of coarticulatory 
cues to prediction 

Study 1 (Lulaci et al., 2024) was the first step of this thesis. In this study, fine-
grained acoustic cues were used to test how early acoustic information can be used 
for speech perception. Using an adapted behavioral gating paradigm (Grosjean, 
1980), this study aimed to investigate the temporal dynamics of predictive cues of 
within-word coarticulation. Speech unfolds rapidly; listeners do not wait until a 
word is finished; instead, the comprehension process starts as soon as the word onset 
is heard (Warren & Marslen-Wilson, 1987; Norris et al., 2016). Because speech is 
coarticulated, each speech sound is affected by the surrounded sounds. For instance, 
a vowel influences the preceding word onset consonant, and some consonants carry 
these cues more noticeably than others. Interestingly, /s/ has been reported as being 
influenced by following rounded vowels several times in prior research (Lubker & 
Gay, 1982; Perkell & Matthies, 1992). This study tested one of the research 
questions of this thesis: how fast listeners can predict the upcoming speech sounds 
and, finally, the word, when hearing only part of the word onset. Using Swedish 
words with /f/ and /s/ onsets, we tested how quickly and accurately the listeners can 
predict the words based on fine-grained acoustic cues.  

This study has two aims: to understand, first, how quickly listeners can identify the 
word, and second, how much of the acoustic cues the word onsets carried from the 
upcoming vowel to make this differentiation as seamless as possible. The design of 
the study focused on word onset fricatives, which allowed us to test our hypothesis 
that word onset fricatives carry enough cues to give leverage to the listeners to 
identify the words while they are listening, already at the early partial information 
of the word. Using an adapted gating paradigm, we created four gates. Starting from 
the word onset, we divided the word onset fricatives into four gates: 15 ms, 35 ms, 
75 ms, and 135 ms. This way we aimed to test the word recognition threshold of 
listeners both for understanding the acoustic cues that exist in the acoustic signal 
and to assess how much of these cues can be used by listeners predictively to 
identify the word and how these cues differentiate from each other based on 
articulatory differences.  
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Listeners significantly predicted the upcoming speech sounds and the identity of the 
word by listening to the onset fricative for only a fraction of a second. The results 
showed ultra-rapid effects of predictive coarticulatory cues, with a mere fifteen 
milliseconds of an onset fricative yielding reliable behavioral judgments about the 
upcoming vowel with /s/ onset words based on coarticulatory lip rounding. For /f/ 
onset words, other vowel features such as backness and height exhibited a slightly 
slower (75 ms) – but still rapid – time course of identification. 

This study set the stage for the rest of this thesis, showing that recognition can occur 
from such minimal information, and that the precision of prediction depends on 
auditory sensitivity to fine-grained acoustic detail through segmental and 
suprasegmental cues in the speech signal.  

4.2. Study 2 – Extended high-frequency hearing 
sensitivity facilitates predictive speech 
perception 

Study 2 (Lulaci et al., 2025) investigated the relationship between extended high-
frequency hearing sensitivity and listeners’ ability to predict words using fine-
grained auditory cues. People vary in their spoken-word recognition performance. 
One factor contributing to this difference could be hearing sensitivity in the 
extended high-frequency (EHF) range. By linking EHF hearing to time-resolved 
spoken-word recognition in a gating paradigm, this study aimed to investigate how 
efficiently the individual hearing profile shapes the perception and use of fine-
grained acoustic cues as the speech unfolds.  

Standard pure tone audiometry assessment measures the frequencies up to 8 kHz. 
However, there is a growing body of evidence that frequencies beyond 8 kHz 
support speech perception in several situations. Recent reviews have shown 
relations between EHF sensitivity to speech perception in noise, sound localization, 
aging, and early signs of cochlear dysfunction (Hunter et al., 2020). While prior 
studies have highlighted the importance of EHF thresholds and high frequency 
information in the speech signal, its contribution to predictive speech processing 
remained unexplored. This study aimed to explore the connection between EHF 
hearing sensitivity and predictive mechanism for speech perception to allow 
listeners to identify words from fine-grained, minimal acoustic cues. The study 
addresses the gap in the literature by testing the relation between EHF thresholds 
beyond conventional clinical range and spoken word recognition performance based 
on predictive coarticulatory cues.  

The design of Study 2, built directly on the first study, which showed that words can 
be identified from extremely short gates (15 ms) starting from fricative onsets. Here, 
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the same gating paradigm with /f/ and /s/ onset words was combined with pure tone 
audiometric assessment, extending beyond the conventional hearing test range, 
including EHF thresholds. Participants heard fricative-onset words presented for a 
fraction of a second and attempted to identify them after listening to each gate at 15, 
35, 75, and 135 ms. This design allowed us to test the link between EHF hearing 
sensitivity and a possible advantage in accurately identifying the words using 
acoustic cues predictively. Twenty native speakers of Central Swedish participated 
in the study. Participants’ hearing were within normal hearing range (interaural 
difference ≤ 5 dB HL, 0.25-8 kHz < 20 dB HL) and were young adults (mean 
age = 24.6 years, SD = 3.7, range = 20–33 years). In the analysis, EHF hearing 
thresholds were tested while controlling for pure tone average (PTA) of standard 
hearing frequencies. This allowed us to assess unique variance explained by EHF 
hearing sensitivity and test the possible collinearity with PTA.  

The results demonstrated that better EHF hearing sensitivity provided an advantage 
in using acoustic cues to accurately identify target words. However, this effect was 
only observed for /s/ onset words. It persisted when controlling for PTA, suggesting 
that EHF hearing sensitivity explained variance beyond the conventional 
audiometric range. In contrast, for /f/ onset words, no reliable relation between EHF 
sensitivity and accuracy was found. However, /f/ onset word accuracy correlated 
with PTA in the 135-ms gate. As the results of Study 1 suggested, /s/ onset words 
may carry more distinct cues. Study 2 highlighted the high frequency spectral detail 
of /s/ which could be used by listeners with better EHF hearing sensitivity as 
predictive cues. For /f/, where the acoustic profile is diffuse without prominent 
peaks and carries weaker high-frequency detail compared to /s/, EHF hearing 
sensitivity provided little benefit.  

These results suggested that the EHF hearing thresholds affect predictive spoken 
word recognition performance, particularly when the speech signal contains 
sufficient fine-grained acoustic cues to support the prediction.  

4.3. Study 3 – Neural correlates of prosodic cues in 
predictive speech perception in noise  

Submitted manuscript 
 

Study 3 (Lulaci et al., submitted-a), investigated the role of prosodic cues in speech 
perception in noise. Everyday communication rarely occurs in silence. Competing 
talkers, background noise, and unpredictable interruptions make speech perception 
challenging. Under these listening situations, actively predicting what is coming 
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next rather than listening passively could be one way to explain the human brain’s 
successful perception.  

Swedish word accents Accent 1 and Accent 2 differ in their prosodic contour. This 
suprasegmental distinction on the word stem provides cues that can be used 
predictively (Roll et al., 2010; Roll et al., 2013; Roll, 2015; Roll et al., 2015; 
Söderström et al., 2016; Roll, 2022). The aim of this study was to test prosodic cues’ 
support to predictive speech perception under adverse listening conditions. Swedish 
word accents were used as controlled cues of predictive prosodic information in 
noise. In the experiment, participants listened to sentences containing target words 
with either plural or singular endings, with the critical suffix being matched or 
mismatched with the word accent (the prosodic contour of the word stem). Speech-
shaped noise was used to mask the speech signal to reduce intelligibility while 
keeping the overall spectral profile similar, mainly causing energetic masking 
(Culling & Stone, 2017). During the experiment, three listening conditions were 
interleaved: quiet, 0 dB SNR, and -5 dB SNR. Participants listened to the sentences 
with target words and were asked to decide whether the target word was plural or 
singular. EEG was recorded to measure the ERP responses.  

The results showed that predictive processing was modulated by both accent type 
and listening conditions. Accent 1 mismatched words elicited an N400 increase 
consistently across all the listening conditions, even under high noise masking 
(SNR-5), indicating that listeners used prosodic cues predictively throughout the 
experiment for accent 1 words, while a P600 was only observed in the quiet listening 
condition. In contrast, accent 2 elicited an increased N400 only in the quiet listening 
condition, and a P600 at SNR0. No effects were observed under the highest noise 
level in this experimental setting (SNR-5). Although the ERPs reflect cortical 
processing, prosody relies on strict early encoding of temporal modulations (Moore, 
2008), and the subcortical inferior colliculus (IC) is responsible for tracking 
temporal structure and following its amplitude, playing an essential role in speech 
and tone processing, particularly under adverse conditions (Söderström, 2024). 
Together with the auditory cortex, it predicts individual differences in pitch 
discrimination (Bianchi et al., 2017). From this perspective, an interpretation of 
these results could also be that accent 1’s prosodic contour remained usable as a cue 
even in severe noise while the accent 2 pitch contour was suppressed by energetic 
masking. Noise can already affect the encoding of prosodic cues at subcortical levels 
prior to cortical processing. A difference between accent 1 and accent 2 was also 
observed in behavioral findings. Accent 1 mismatch trials showed lower accuracy 
than match trials while accent 2 did not show any differences based on accuracy. 
Response times were also measured and analyzed, and longer response times were 
consistently observed for mismatch trials in each noise level for accent 1, while 
accent 2 showed minimal difference between match and mismatch response times. 
Accent 1 was observed to be predictively informative.   
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The pre-activation negativity (PrAN) is an ERP component elicited by word onsets 
beginning around 136 ms from fundamental frequency onset (Söderström et al., 
2016; Roll et al., 2023; Roll et al., 2015; Söderström & Cutler, 2023). While 
previous studies have reported PrAN in quiet listening settings, study 3 tested PrAN 
in challenging listening conditions with interleaved design. The results shown that 
a PrAN elicited by the accent 1 vs. accent 2 contrast appeared under high noise 
(SNR-5). This pattern was interpreted as the PrAN indexing a functionally adaptive 
mechanism. Specifically, the interleaved design meant that even quiet trials were 
not truly “quiet.” Listeners remained in an attentive state of alertness throughout the 
experiment, which may have shaped the emergence of PrAN for accent 2, evening 
out the difference with respect to accent 2, except under the hardest listening 
condition. 

Overall, Study 3 suggested that Swedish word accents continued to function as 
predictive cues even when the speech signal was masked by noise under challenging 
listening conditions. These results extend earlier work on word accents by showing 
that the predictive function of word accents is not limited to quiet listening but rather 
stays resilient in more challenging settings.  Additionally, the ERP results suggested 
that predictive processing is flexible rather than static: N400, P600 and PrAN 
component patterns shifted as a function of both noise level and accent type, 
suggesting the brain changes strategies to maintain comprehension in adverse 
listening conditions.  

4.4. Study 4 – Neural dynamics of rapid acoustic 
cues in spoken-word prediction 

Submitted manuscript 
 

Study 4 (Lulaci et al., submitted-b) investigated how the auditory system uses early 
coarticulatory cues in the speech signal to generate expectations during the 
recognition of words spoken in isolation. While a larger body of work has focused 
on speech perception in sentence contexts marked by consistent higher-level lexical 
expectations (Altmann & Kamide, 1999; Brothers & Kuperberg, 2021; DeLong et 
al., 2005; Federmeier, 2007), this study investigated speech perception at the within-
word level with a focus on the first few hundred milliseconds of acoustic cues. The 
aim of this study was to test how listeners use fine-grained coarticulatory cues 
within word-onset phonemes to predict the upcoming speech sounds to words, and 
how this process unfolds in real time. 

The experiment used naturally produced Swedish real words (CVC) organized into 
onset-matched lexical competitor sets. The onset fricative was manually identified 
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in Praat (Boersma & Weenink, 2021). To create mismatch tokens, the fricative onset 
from one word was cross spliced onto the entire continuation (vowel + coda) of a 
competitor word within the same onset set. Match tokens were presented unaltered. 
Splice boundaries were moved to the nearest zero crossing to prevent artifacts, and 
to preserve the natural temporal patterns. Participants were presented with real 
words (CVC) beginning with /s/ and /f/ onsets. In each set, all words began with the 
same fricative (/s/ or /f/) but differed in the offset of the word (vowel + coda), 
supporting different lexical options. This structure allowed us to investigate how 
listeners use early acoustic cues in the onset to generate lexical predictions and how 
they respond when later input either confirms or contradicts that expectation. The 
pairs presented in each trial were always the competitor words from the same onset 
list. Importantly, in each mismatch trial, the two visually presented response options 
were the same real words used in the splice. Within each onset-matched set, every 
word appeared in both roles: providing the onset for multiple competitor 
continuations and providing the continuation for multiple competitor onsets. No 
word was ever paired with itself. This resulted in bidirectional cross-splicing. Each 
unique splice configuration was repeated equally. This design made it possible to 
analyze the neural mechanism behind the results of the first study (Lulaci et al., 
2024). Neural activity was tracked and recorded using EEG starting from word onset 
during online listening. 

Event-related potentials locked to word onset and vowel onset were analyzed. In the 
onset analysis, both onsets followed by unrounded and rounded vowels were 
analyzed. Word-onset locked ERP results of /s/-onsets followed by rounded vowels 
and /s/-onset words followed by unrounded vowels showed a divergence starting 
from 45 ms up to 70 ms following the word onset for /s/-onset words. However, this 
effect could not be observed in /f/-onset words.  

The vowel onset was the first disambiguation point for listeners to perceive if the 
onset was followed by its continuation or spliced to a competitor word offset. The 
neural responses to /f/- and /s/-onset words differed both temporally and 
topographically.  

For /s/-onset words from the vowel onset, listeners showed mismatch-related 
responses that differed from /f/-onset word trials. Mismatches elicited a 
phonological mapping negativity (PMN) (Connolly & Phillips, 1994) for s/-onset 
words following vowel onset (150–300 ms). This negativity reflects the violation of 
the listener’s expectation about the upcoming phoneme based on the information 
already extracted and processed at that point in time. Crucially, the PMN emerged 
even though the onset itself was identical across match and mismatch conditions, 
suggesting that listeners had formed a reliable prediction about the upcoming input 
based on onset acoustics alone. However, this neural response was only observed 
for /s/ while /f/-onset words did not elicit any PMN. Following PMN, /s/-onset 
words elicited an N400 effect (300–400 ms). Following this N400, a late positivity 
was observed from 500 to 650 ms.  
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In contrast, /f/-onset words displayed a different profile than /s/-onset words. 
Mismatch trials elicited a positivity starting from 300 ms (300–400 ms) and 
extending into the later time window (500–650 ms).  These differences aligned with 
the behavioral data; mismatch trials slowed down responses only for /s/-onset 
words.  

In addition to investigations of neural responses to match and mismatch outcomes 
this study also tested neural sensitivity prior to the disambiguation point. This 
allowed us to assess rapid coarticulatory cue processing before later segmental 
information confirmed or violated lexical expectations. The findings suggested that 
word onset coarticulatory cues modulate neural processing during spoken word 
recognition. For /s/ onset words, neural sensitivity to vowel rounding was observed 
as an increased negativity within ~45 ms of word onset and interpreted as indicating 
rapid use or detection of subphonemic information.  

Taken together, both behavioral and neural patterns indicate that prediction during 
speech perception is not uniformly applied across phonemes. Instead, the system 
weighted the cues based on their acoustic informativeness. Better-diagnosed 
segments like /s/-onsets generated early and constrained expectations that spread 
across phonological and lexical levels as shown by modulations of PMN and N400 
components. Less acoustically informative phonemes like /f/ delayed prediction and 
shifted processing in time. This study provides evidence that fine-grained rapid 
coarticulatory information can drive anticipatory neural processing during spoken 
word recognition, even when words are presented in isolation.  

Overall, Study 4 suggests that listeners rapidly use fine-grained acoustic details and 
that predictive processing depends on the informativeness of the unfolding onset 
signal. The findings contribute to our understanding of how the auditory system 
integrates anticipatory onset cues with later segmental input during real-time speech 
perception. The results show that the auditory system combines coarticulatory onset 
information with later segmental input online, in which early auditory cues guide 
the unfolding activation of phonological and lexical representations. Finally, the 
human brain uses rapid sensory information for spoken word recognition, and 
different violations reflect distinct neural mechanisms temporally and 
topographically.  
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5. General Discussion 

Speech perception is a dynamic process that continuously anticipates what is 
coming next (Heilbron et al., 2022; Heilbron & Chait, 2018; Friston et al., 2021). 
Across the four studies of this thesis, converging behavioral and neural evidence 
made apparent an adaptive and resilient feature of speech perception using 
predictive processing: participants did not wait for complete words or even 
phonemes before beginning to interpret the signal. These findings suggested an 
adaptive and strategically driven predictive mechanism that actively assesses 
accessible cues. Rapidly unfolding coarticulatory cues, prosodic cues, and hearing 
sensitivity all contributed to speech perception with varying degrees. Across 
behavioral and electrophysiological evidence, predictive processing showed a 
robust and resilient pattern, aiding the comprehension process, and reorganizing 
itself when the cues were masked, misleading or weak.  

The first study used a gating paradigm to test how early acoustic cues can be used 
predictively to anticipate upcoming sounds in spoken word recognition. Results 
showed that listeners could predict upcoming sounds and finally identify words 
using only partial short gates of onset phonemes as early as 15 ms into word onsets. 
The second study tested whether this ability was affected by hearing sensitivity, 
focusing on extended high-frequency hearing thresholds. Individuals with better 
extended high-frequency hearing thresholds made more efficient use of predictive 
cues. This suggests that extended high-frequency hearing influences how efficiently 
listeners can perceive and use fine-grained acoustic information predictively. The 
third study investigated whether prosodic cues, specifically Swedish word accents, 
remain reliable cues when the speech signal was masked by speech-shaped noise. 
In mismatch trials, N400 and P600 effects persisted under adverse listening 
conditions although their topography shifted and the amplitude weakened. These 
results indicate that noise affected the predictive use of prosodic cues but did not 
eliminate them. Furthermore, a pre-activation negativity (PrAN) for accent 1 as 
compared to accent 2 was observed solely under the highest noise-masked listening 
condition (SNR–5 dB). This suggest that pre-activation was used as a functionally 
adaptive mechanism supporting comprehension differentially under increased 
uncertainty. The fourth study examined how coarticulatory cues influence the neural 
dynamics of prediction in real time. Cross-spliced stimuli were used to create match 
and mismatch conditions between the word onset fricatives and the rest of the word 
(vowel + coda). The results highlight that when fine-grained cues signaling the 
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upcoming sound are available at word onset, the brain registers them rapidly, as 
early as ~45 ms. Coarticulatory cues were found to be used predictively. That is, 
mismatch between the onset and the rest of the word elicited different neural 
responses across fricatives: /s/ onset words showed PMN and N400 effects, as well 
as late positivity, whereas /f/ onset words only evoked a P300 response. This pattern 
suggested that listeners were sensitive to fine-grained coarticulatory cues and that 
the processing was affected by the spectral properties and accessible cues within the 
unfolding speech signal. 

In line with  Grosjean (1980), recognition of the unfolding spoken words does not 
wait for the word to end. Moreover, several studies to date have shown that 
coarticulatory cues can be used to support speech perception (Beddor et al., 2013; 
Salverda et al., 2014; Gow & McMurray, 2007). Building on these findings, we 
sought to determine how early such cues may begin to guide spoken word 
recognition.  

Across the first two studies, coarticulatory cues were shown to facilitate rapid 
offline word recognition, suggesting that the acoustic cues available for predictive 
use in speech may begin earlier than commonly assumed. While previous studies 
has demonstrated incremental interpretation of speech as the acoustic-phonetic 
information unfolds (Salverda et al., 2014; Swingley et al., 1999), the present 
findings suggest that use of acoustic cues can start at an even earlier point in the 
unfolding signal. The salience of coarticulatory cues improved recognition for very 
short onset gates, indicating that listeners do not have to wait for the word to fully 
unfold to identify it. Instead, they appear to make use of the earliest fine-grained 
spectral cues available. Importantly, the results also showed differences in cue 
strength in fricatives. For instance, recognition was faster for /s/ than /f/, suggesting 
that certain spectral cues may be more perceptually salient and more useful for 
predictive processing. Although recent work has highlighted dynamic and 
hierarchical coding of speech in the auditory cortex, the temporal dynamics remain 
debated. Importantly no clear consensus has emerged regarding pre-lexical 
processing (Obleser & Eisner, 2009). It remains unclear when the brain first begins 
to form predictive phonological information from the acoustic signal. However, 
findings of Study 1 helps narrow this time window by showing that listeners can 
perceive and use acoustic cues informatively starting as early as 15 ms from word 
onset.  

Study 2 extended this observation by demonstrating that the efficiency of early 
predictive processing depends, in part, on hearing sensitivity, particularly extended-
high frequency hearing thresholds. Individuals with better EHF sensitivity showed 
enhanced recognition of the early /s/ onset cues when they were accessible. 
Fricatives differ based on their spectral properties (Shadle et al., 2023), and /s/ has 
stronger spectral peaks in high-frequency energy regions (Strevens, 1960). 
Therefore processing of /s/ may have been strongly affected by EHF hearing, while 
/f/, which has been reported as a spectrally flat and more turbulent sound (Hughes 
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& Halle, 1956), remained less affected. This adds to increasing evidence that 
frequencies above 8 kHz can support speech perception (Hunter et al., 2020) and 
suggests that predictive speech perception relies on both cognitive expectations and 
the sensory ability to process detailed acoustic information at word onset. As 
mentioned in Hunter et al. (2020), from a biological perspective, the human sensory 
system is tailored to features useful for survival, and EHF hearing provides a sound 
localization advantage. With previous findings showing that EHF hearing also 
supports speech perception in noise in addition to sound localization (Hunter et al., 
2020; Masterton et al., 1969), the present results suggest another facilitative effect 
of EHF sensitivity: that of predictive speech processing.  

Study 1 and 2 established that listeners can use fine-grained coarticulatory cues 
predictively as early as at word onset. This was observed even during spoken word 
recognition in isolation, and this ability depended partly on hearing sensitivity. 
Study 4 tested if this predictive processing could be observed online at the 
neurophysiological level. Words from the stimulus list of studies 1 and 2 were used 
but the onset sounds were cross-spliced to intentionally create a prediction conflict. 
Using ERPs, we tested how the brain responds when predictive coarticulatory cues 
were violated by the unfolding speech signal, focusing on anticipatory neural 
activity starting from the earliest stages of processing.  

These results further complemented studies 1 and 2 showing a similar pattern; cue 
differences shape the timing and type of the neural response. In the mismatch 
conditions, /s/-onset words showed clear prediction error effects in the shape of 
increased response times and an early (150–300 ms) PMN. Following the PMN, 
mismatched /s/-onset words elicited N400 effect (300–400 ms), which was 
interpreted as violated onset-based predictions influencing later stages of lexical 
semantic congruency and followed by a late positivity. However, /f/-onset words 
only elicited only a late positivity, interpreted as a P300 indexing auditory 
reassessing and model updating after hearing an acoustically unexpected token. One 
way to explain this is that, compared to /s/, /f/ onset words’ onset cue based 
anticipation was weaker or less decisive, shifting processing toward later stages. 

While PMN, P300 and N400 effects highlight differences in later expectation 
violation and evaluative processes, the Study 4 findings suggested neural sensitivity 
at an even earlier time scale. Within ~45 ms of /s/ word onset, a neural difference 
between rounded and unrounded vowel contexts emerged. This rapid sensitivity 
may reflect the early registration and integration of coarticulatory information.    

Study 3 tested a different type of cue than studies 1, 2, and 4. Here, prosodic cues 
using Swedish word accents were tested. Accent 1 consistently triggered prediction-
related activity across listening conditions including SNR –5 dB, indicating that 
prediction was still active even when the signal was degraded. However, accent 2 
did not show this robust effect under the highest noise condition. A PrAN for accent 
1 compared to accent 2 was observed only under the highest level of noise, SNR –
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5 dB, corresponding to the most challenging listening condition. One possible 
interpretation of this pattern is PrAN indexing a functionally adaptive process that 
supports pre-activation to elevate the predictive perception under challenging 
listening conditions. On the other hand, at the highest noise level accent 2 prosodic 
cues may be less accessible, limiting its effectiveness in noise. These findings 
extend the growing body of work on Swedish word accents (Roll, 2022; Roll et al., 
2023) by showing that word accents can support predictive speech processing even 
under adverse listening conditions. Although sentence-level prediction can benefit 
from and be guided by contextual cues (DeLong et al., 2005), the current studies 
intentionally minimized these influences. In studies 1, 2, and 4, the stimuli consisted 
of words in isolation, and Study 3 used a neutral carrier sentence rather than a 
semantically constraining sentence. This design allowed us to limit sentence-level 
contextual prediction and isolate the acoustic cues involved in prediction.  

Across the four studies, the converging result was that speech perception is 
supported by predictive mechanisms that are graded and adaptive rather than fixed. 
In all studies, prediction behaved as a part of a dynamic system that reorganizes 
itself according to the strength and accessibility of available cues. These results 
position prediction as a graded rather than binary success-or-failure mechanism that 
operates under uncertainty and selects whichever cue offers the strongest support to 
achieve successful speech perception. This view aligns with the predictive coding 
framework (Friston, 2005): listeners continuously engage with stimuli to minimize 
surprise in the long run. This showed itself clearly in Study 3, where different ERPs 
elicited by mismatch conditions were modulated by both noise level and accents.  

In study 3, with increasing noise, the N400 persisted although the scalp distribution 
shifted toward a more frontal and widespread negativity for accent 1. In contrast, 
the P600 disappeared as listening become effortful and prediction became less 
stable. Thus, the shift in N400 topography with increased background noise may 
potentially reflect the effortful listening. The presence of N400 effects despite the 
noise indicates that listeners continued to track the accent 1 prosodic cues and use 
them predictively to detect mismatches between expected and heard suffixes. This 
could be related to accent 1’s robust predictive nature. It has been shown that when 
the speech signal was degraded, the brain flexibly shifts its neural processing 
strategies, engaging more effortful processing as predictability decreases (Obleser 
& Kotz, 2010). Listening to speech under masked conditions engages additional 
neural networks involved in auditory attention and control  (Evans et al., 2016). 
Accent 1 was still providing enough cues to give support during the most 
challenging listening conditions while accent 2 was not useable due the noise 
masking. A processing difference between accent 1 and accent 2 has been reported 
several times since Roll et al. (2010). However, this difference of their cue 
performance is not necessarily due to the acoustic difference between the word 
accents (Roll, 2015; Roll et al., 2013). Rather, accent 1 has been reported as a more 
reliable cue based on lexical statistics across several word accent studies 
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(Söderström et al., 2016; Hjortdal et al., 2024). In phonological terms, accent 1 
might be the default accent, whereas accent 2 is marked (Riad, 2014) and needs to 
be more clearly perceived to be processed. 

The finding that PrAN increased for accent 1 as compared to accent 2 only in SNR–
5 dB suggests that accent 1 served as a stronger cue for pre-activation when sensory 
input became least reliable. The influence of prior knowledge becomes stronger 
when the sensory information is reduced (Sohoglu et al., 2012). In the present thesis, 
the general principle was mirrored by the increased pre-activation observed for 
accent 1 in the highest noise condition. These findings provide insights into how 
and to what extend listeners use prosodic cues predictively to support speech 
perception under increased ambiguity. A possibility is that, in the presence of 
moderate noise and clear speech, accent 2 was used for pre-activation to a similar 
extent as accent 1 when perceivable. However, under the highest noise masking, 
only accent 1 remained robust enough to support predictive processing while accent 
2 did not, increasing the difference between the word accents. 

Another early ERP component possibly indexing pre-activation prior to the 
phonological disambiguation point in Study 4 suggests that the auditory processing 
begins evaluating coarticulatory information early in the unfolding signal, within 
45–70 ms. Early ERP responses in comparable time windows have sometimes been 
associated with lexical access in word–pseudoword and learning paradigms 
(Gosselke Berthelsen et al., 2020). In the present thesis, coarticulatory cues were 
already present in the signal and accessible to listeners, as demonstrated in studies 
1 and 2. While one possible interpretation is that the observed divergence between 
the two ERP conditions may reflect lexical pre-activation, the pattern can also be 
accounted for by rapid encoding of fine-grained coarticulatory detail. Across both 
behavioral and neural measures, /s/ onset functioned as a stronger cue than /f/ onset. 
In study 1, listeners were faster and more accurate when identifying /s/ onset words, 
suggesting that rapid acoustic information was sufficient to begin narrowing the set 
of lexical candidates. This pattern was replicated in Study 4, where only /s/ onset 
words showed response-time differences between match and mismatch conditions 
and ERP responses differed between /s/ and /f/ onsets. These findings suggest that 
the predictive use of early onset cues depends on the strength and clarity of the 
acoustic information available in the signal. This pattern does not require lexical 
access to begin within the early ERP window (~45 ms), but it remains compatible 
with the hypothesis that early sensory encoding supports subsequent lexical 
processing. 

These findings highlight how finely tuned the human auditory system is to the 
acoustic details of speech. Across the studies in this thesis, listeners used rapid and 
fine-grained cues (including high-frequency energy, coarticulatory information, as 
well as prosodic cues in noise), to predict within-word continuations. All these cues 
influenced both behavioral performance and neural responses.  
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Acoustic-phonetic features are encoded across distributed neural populations in the 
auditory cortex, supporting robustness of speech perception under variability 
(Obleser et al., 2010). Phonetic features have been found to be represented in the 
STG via distributed neural populations. These populations have also been shown to 
respond to speech sound cues and phonetic features such as articulatory gestures 
(Leonard et al., 2024). Speech perception is processed in a detailed, layered system 
where information is already structured before lexical access. The auditory cortex 
tracks speech simultaneously at multiple temporal scales with neural activity 
showing both syllabic and phonemic dynamics in the acoustic signal (Giroud et al., 
2024).  

Across all four studies in this thesis, a consistent pattern emerged. Listeners relied 
on whatever acoustic information was available. Whether the relevant cues derived 
from fine-grained coarticulatory information, high-frequency spectral detail, 
prosodic cues, or accessible cues in a masked speech signal, listeners were able to 
use these cues predictively.  Taken together, the findings suggest that speech 
perception does not unfold as a strictly linear process. The findings point to 
interactive and parallel mechanisms operating at multiple levels of analysis, aligning 
with models of speech perception with co-existing layers and hierarchical 
representations (Davis & Johnsrude, 2007). Overall, these studies suggest the 
predictive use of acoustic cues to facilitate spoken language recognition and reflect 
a dynamic and adaptive system where fine-grained acoustic detail and contextual 
information are continuously processed and integrated. 

Across these findings, a common theme may be inferred: speech perception is 
resilient and supported by continuous acoustic cues, that remain informative even 
when the signal is brief, masked, or contains only subtle acoustic detail.  

By combining behavioral, audiological, and EEG measures, this thesis shows how 
rapid acoustic detail can influence prediction to facilitate speech perception and 
support comprehension under adverse listening conditions. In this way, these 
findings contribute to a broader view of speech perception, suggesting a dynamic 
and adaptive process where listeners listen actively rather than waiting until the 
signal has fully unfolded. 
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6. Conclusions 

This thesis examined how listeners extract and use fine-grained acoustic 
information to navigate spoken language and understood speech in real time. By 
focusing on the predictive use of acoustic cues, including coarticulation and 
prosody, it investigated both behavioral and neural dynamics of speech perception. 
Across four studies combining behavioral, EEG, and audiological assessment, the 
findings consistently showed that speech perception is a dynamic process where 
acoustic and phonetic information is actively used as the signal unfolds. Listeners 
were able to use available acoustic information to generate predictions rapidly 
within the first tens to hundreds of milliseconds of the signal.  

In a gating paradigm, partial acoustic information available at word onset carried 
sufficient cues to guide listeners’ interpretations, suggesting that predictive 
constraints can be established very early in processing. Listeners relied on graded 
coarticulatory information rather than waiting for fully specified phonemic input, 
with predictive use emerging as early as 15 ms for /s/ onset words and later for /f/ 
onset words. These results show that spoken-word recognition is initiated through 
continuous tracking of fine-grained acoustic structure from the earliest moments of 
the signal. 

Individual differences in extended high-frequency hearing further modulated the 
efficiency with which early acoustic cues were used. Listeners with better extended 
high-frequency sensitivity were able to make more effective use of the earliest 
available information, particularly for stimuli containing relatively higher-
frequency energy. Although all participants had clinically normal hearing, these 
findings suggest that hearing acuity can influence how rapidly fine-grained acoustic 
cues are used during predictive speech processing. 

Under adverse listening conditions, predictive processing did not disappear but 
adapted according to cue accessibility. Word-level prosodic cues continued to 
support prediction in noise, with Swedish word accents showing differential 
robustness as masking increased. Even at the most challenging noise levels, 
predictive neural responses were preserved, indicating that listeners adjust their 
perceptual strategies rather than abandoning prediction when acoustic information 
is limited. 

Importantly, electrophysiological evidence demonstrated sensitivity to 
coarticulatory onset information within early neural time windows at word onset, 
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prior to the availability of disambiguating segmental input, providing direct neural 
support for rapid predictive processing during spoken-word recognition. These 
findings point to a close relationship between the structure of the auditory signal 
and neural responses during speech perception and support a view of speech 
processing as a continuous and adaptive process. 

Across all four studies listeners used continuous and fine-grained acoustic cues from 
the beginning of the speech signal. Predictive constraints emerged rapidly from the 
speech signal itself, adapted to changes in listening conditions, and were observed 
even when words were presented in isolation, without sentence-level context. These 
findings support the role of early acoustic encoding in shaping perceptual 
interpretation and suggest a close relationship between the auditory signal and 
neural responses during speech perception. Under challenging listening conditions 
or with partial cues, prediction does not fail, but adjusts according to what the signal 
allows, reflecting a flexible adaptive processing pattern.  

By combining behavioral, auditory and neural evidence, this thesis shows that 
speech is processed continuously, closely tracking the spectrotemporal dynamics of 
the speech signal as it unfolds. 
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7.Outstanding issues and future 
directions 

There are some aspects raised in this thesis that would benefit from further 
investigation in future studies. One contribution of the thesis was showing that rapid 
fine-grained acoustic cues can be used predictively to anticipate the upcoming 
sounds. However, the stimulus lists consisted of isolated words and were restricted 
to two fricative onsets (/f/ and /s/), in order to allow precise control of acoustic 
detail. A natural extension of this work would be to expand the onset diversity and 
to embed words in continuous or conversational speech. Future studies could also 
examine whether graded differences in vowel roundedness further modulate the 
availability and use of coarticulatory cues beyond the categorical distinctions. This 
would help future studies to test whether similar predictive dynamics emerge across 
a wider range of cues.  

Another relevant issue concerns individual variation in extended high-frequency 
hearing sensitivity. In study 2, individuals with better hearing thresholds showed 
more efficient use of fine-grained acoustic cues relative to people with elevated 
hearing thresholds. Despite containing a relatively high number of trials (3,040), the 
sample size was modest (20 participants). Future research could be further 
developed by testing the relation between predictive use of cues and hearing acuity 
in larger and more diverse populations, including clinical groups with hearing loss. 
This would help to determine how robust the effect is and how it operates beyond 
normal-hearing listeners.  

Attention may also have influenced performance due to the 2AFC task, since 
listeners were required to choose between two alternatives. While the rapid temporal 
dynamics and cue specific effects throughout the studies suggest that prediction is 
not likely to be reduced to attentional engagement, its potential contribution could 
be investigated further. The noise paradigm in Study 3 used speech-shaped noise to 
mask the target sentences. Future work could extend this approach by introducing 
increased ecological validity, for instance using competing talkers or babble noise. 
Combining these paradigms with physiological measures of listening effort (i.e. 
pupillometry) or subcortical responses such as auditory brainstem response (ABR) 
or frequency following response (FFR) could help to clarify how prediction 
becomes more effortful when bottom-up evidence is limited and ambiguous, or how 
listeners adjust their strategies when the signal is masked and degraded. 
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This thesis contributed to a more integrated understanding of how auditory 
processing supports spoken-language comprehension, with implications for 
individual differences in hearing and for communication in challenging listening 
environments. A more applied direction concerns the relevance of the present 
findings for speech-hearing technologies. The link between extended high-
frequency hearing sensitivity and predictive use of fine-grained coarticulatory cues 
raises the possibility that access to fine-grained acoustic information may play a 
functional role in speech perception. Future studies could test whether this 
information can be supported or enhanced in hearing aid signal processing. The 
findings of Study 3 also highlight a potential value of word accents (prosodic cues) 
in adverse listening conditions. Future studies could investigate whether word 
accents remain accessible and predictively used by listeners with hearing loss 
including when using hearing-aids.  

Future research could investigate how a wider set of speech sounds can contribute 
to rapid predictive speech processing. In particular, further researching PrAN and 
the predictive use of word accents in adverse listening conditions may help to clarify 
how prosody supports prediction during everyday listening, where the signal is often 
uncertain and masked. 
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