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Résumé et mots-clés 

Cette thèse porte sur la réduction de la parole, une caractéristique fréquente du langage 

parlé, qui peut se manifester par l’omission, la compression ou l’affaiblissement de segments 

dans la parole en continu. Longtemps considérée comme un phénomène phonétique ou 

articulatoire de bas niveau, motivé par une économie d’effort, la réduction est aujourd’hui 

reconnue, à la lumière de travaux récents, comme un phénomène plus structuré et 

multidimensionnel. L’objectif de cette thèse est de contribuer à une reconceptualisation de 

la réduction de la parole en tant que processus émergeant à l’intersection de la réalisation 

phonétique, de l’organisation prosodique, de la représentation lexicale et de la planification 

de la parole. 

 

Ce travail propose une distinction entre deux types de réduction. Les réductions 

lexicalisées sont supposées être fréquentes, plus systématiques, et probablement 

représentées comme des formes holistiques dans le lexique mental. À l’inverse, les 

réductions non-lexicalisées sont envisagées comme des zones temporellement compressées 

de réduction extrême, sensibles au contexte et apparaissant de manière dynamique au cours 

de la production de la parole. Quatre études empiriques constituent le cœur de cette thèse et 

explorent ces deux types de réduction en s’appuyant à la fois sur des méthodes de détection 

descendantes (basées sur les représentations) et ascendantes (basées sur le signal). 

 

Les résultats des quatre études montrent que les réductions lexicalisées sont plus stables 

entre locuteurs et à travers différents débits articulatoires, ce qui reflète des schémas 

d’usage bien ancrés. En revanche, les réductions non-lexicalisées varient selon le débit 

articulatoire, les frontières prosodiques et les catégories morphosyntaxiques, et présentent 

une plus grande variabilité interindividuelle et contextuelle. Contrairement à nos attentes, 

les indices acoustiques traditionnels comme la distinctivité vocalique ou la réduction de 

l’espace vocalique ne permettent pas de prédire de manière fiable les réductions non-
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lexicalisées, soulignant le rôle central du débit articulatoire comme principal modulateur de 

la compression temporelle. Les données développementales recueillies auprès d’enfants 

âgés de 7 à 11 ans soutiennent également la distinction entre les deux types de réduction. 

Les enfants produisent des taux de réduction lexicalisée similaires à ceux des adultes. En 

revanche, les réductions non-lexicalisées sont largement absentes dans leur parole, ce qui 

peut s’expliquer par un débit de parole plus lente, suggérant qu’elles nécessitent des 

compétences linguistiques et motrices plus avancées. 

 

Cette thèse apporte des contributions conceptuelles et méthodologiques. Elle remet en 

question les modèles qui considèrent la réduction comme un simple phénomène 

articulatoire, en la reconsidérant comme un processus stratégique lié à la planification, 

façonné par des facteurs linguistiques et interactionnels. Sur le plan méthodologique, elle 

propose une approche de détection duale, adaptée à l’analyse de corpus spontanés, 

permettant d’extraire un maximum d’occurrences de réduction selon les paramètres choisis 

et le phénomène ciblé. 

 

Dans l’ensemble, les résultats soutiennent l’idée que la réduction constitue un continuum 

de comportements linguistiques, liés à la structure du langage et à son développement. En 

intégrant des perspectives issues de la phonétique, de la prosodie et de la recherche 

développementale, cette thèse propose un modèle unifié de la production de la parole, dans 

lequel la réduction offre un levier essentiel pour comprendre comment le langage est 

planifié, réalisé et acquis. 

 

 

 

Mots clés : réduction phonétique, parole spontanée, variation, conversation, 

développement linguistique 
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Abstract and keywords 

This thesis examines speech reduction, a common feature of spoken language, 

characterized by the omission, compression, or weakening of segments in connected speech. 

While previously regarded as a low-level phonetic or articulatory artifact driven by economy 

of effort, recent research suggests that reduction is a more structured and multi-dimensional 

phenomenon. The goal of the thesis is to support the reconceptualization of speech reduction 

as a process that emerges at the intersection of phonetic realization, prosodic organization, 

lexical representation, and speech planning. This work proposes a distinction between two 

types of reduction. Lexicalized reductions are assumed to be frequent, more consistent, and 

likely represented as holistic forms in the mental lexicon. Non-lexicalized reductions, by 

contrast, are supposed to be temporally compressed zones of extreme reduction that are 

context-sensitive and arise dynamically during speech production. Four empirical studies 

that make up the core of this thesis examine these two types of reductions using both top-

down (representation-driven) and bottom-up (signal-driven) detection methods.  

 

Findings from the four studies show that lexicalized reductions were more stable across 

various speakers and articulation rates, reflecting more entrenched usage patterns. Non-

lexicalized reductions, on the other hand, varied with articulation rate, prosodic boundaries 

and morphosyntactic categories. They also showed greater variability across individuals and 

contexts. Contrary to our expectations, traditional acoustic cues such as vowel 

distinctiveness and smaller vowel space areas did not consistently predict non-lexicalized 

reductions, emphasizing the role of articulation rate as the strongest modulator of temporal 

compression. Developmental data from children aged 7 to 11 further support the contrast 

between the two types of reduction we proposed. Children produced lexicalized reduction 

ratios comparable to caregivers. Non-lexicalized reductions were largely absent in child 

speech, which can be explained by their slower articulation rates, suggesting they depend on 

more advanced linguistic and motor skills.  
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This dissertation offers both conceptual and methodological contributions. Challenging 

the models that treat reduction as purely articulatory, it frames reduction as a strategic, 

planning-based process shaped by linguistic and conversational factors. Methodologically, it 

introduces a dual detection approach suitable for naturalistic corpora to extract as many 

examples of reduction as possible depending on the phenomenon interested in and the 

selected parameters. Overall, the findings show that reduction is a spectrum of linguistic 

behaviors linked to linguistic structure and development. By integrating insights from 

phonetics, prosody, and developmental research, this work proposes a more unified model 

of speech production; one in which reduction provides key insight into how language is 

planned, realized, and learned. 

 

 

 

Keywords: phonetic reduction, spontaneous speech, variation, conversation, linguistic 

development 
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General Introduction 

Human spoken communication is a dynamic process which thrives on variability, with 

no two utterances from the same speaker ever being exactly the same. Listeners must 

constantly navigate through a speech signal that is inherently variable across speakers, 

contexts, and even within an individual’s own speech (Foulkes & Docherty, 2006; 

Johnson, 2004; Lindblom, 1990). Any given word in a continuous stretch of speech can 

have countless acoustic realizations, adding to the complexity of spoken communication. 

Despite the continuous flow of varied speech signal, the primary goal of communication 

remains the successful transfer of a message while ensuring intelligibility for the listener. 

 

Lindblom (1990) suggests that speech production relies on a listener’s ability to 

discriminate among stored lexical items based on the distinctiveness of the acoustic 

signal. Crucially, the amount of explicit signal information required for successful lexical 

access is not fixed, it varies depending on contextual and communicative factors. This 

adaptability in speech processing highlights the idea that speakers do not always produce 

fully articulated forms but rather adjust their articulation based on communicative 

demands. Therefore, speech production occurs along a continuum, shifting between 

hyperspeech (output-oriented control, where clarity is prioritized) and hypospeech 

(system-oriented control, where effort is minimized). This balance allows them to 

maintain intelligibility while managing the physical and cognitive effort of speaking. 

Importantly, successful communication does not always require highly contrastive or 

fully specified acoustic signals. In many cases, listeners interpret reduced or ambiguous 

forms not only through bottom-up processing based on the discriminability of the 

acoustic signal, but also through top-down integration of linguistic, prosodic, and 

communicational context. This suggests that speech perception is not strictly dependent 

on the discriminability of the signal alone but rather involves a dynamic interplay 

between sensory input and higher-level predictive mechanisms (Kleinschmidt & Jaeger, 

2015). 
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In much of traditional phonetic and phonological research, the concept of variation in 

speech is grounded in the assumption that there exists an underlying canonical or citation 

form, an idealized, theoretical representation of words often associated with dictionary 

pronunciations. In these forms, each phoneme is expected to be distinctly and fully 

articulated, making its acoustic and phonetic properties maximally salient (Jakobson & 

Halle, 2002). However, speech research has long grappled with a fundamental dichotomy 

(Ladd, 2006; Kohler, 2009; Ohala, 1991):  

 

1) The theoretical model of speech, which assumes discrete, segmental units such as 

phonemes 

2) The actual physical reality of speech production, which is fluid and continuous 

 

This discrepancy poses a major challenge in phonetic and linguistic research. While 

traditional linguistic models conceptualize speech as being composed of discrete, clearly 

defined segments, natural speech exhibits far greater variability. In spontaneous 

communication, identifiable speech events do not always align neatly with theoretical 

phonemic categories, making it difficult to draw rigid distinctions between different 

phonetic forms. Expanded, canonical, and reduced forms frequently co-occur within the 

same conversation, phrase, or even within a single word, creating a dynamic interplay 

between phonetic characteristics. Within a given utterance, some segments retain a clear 

and distinct pronunciation, while others undergo systematic processes such as lenition 

or elision, resulting in a continuum of phonetic realizations.  

 

Variation of speech sounds: early perspectives 
This issue of phonetic variability and speech reduction has deep historical roots in 

linguistic theory. Earlier linguistic frameworks did not fully account for the variability in 

speech production. Classical perspectives, such as those proposed by Jakobson & Halle 

(1956), framed speech sounds in terms of invariant, distinctive features, emphasizing 

clarity and systematic contrast in perception. Phonemes would serve as stable mental 

representations despite variations in their physical realization. In this tradition, 

reductions were considered as “lazy” or “slurred” speech, implying a failure to articulate 

words properly (compared to their idealized code) rather than recognizing reductions as 

an inherent feature of fluent speech. As Jakobson and Halle put it:  
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“The slurred fashion of pronunciation is but an abbreviated derivative from the explicit clear 

speech form which carries the highest amount of information…. When analyzing the patterns of 

phonemes and distinctive features composing them, one must resort to the fullest, optimal code at 

the command of the given speakers.” Jakobson & Halle (1956: 6) 
 

Such accounts prioritized the analysis of canonical forms, implicitly treating variability 

as noise to be normalized or corrected. However, this perspective began to shift in the 

latter half of the 20th century, with increasing recognition of the regularity and 

communicative function of variation. While the traditional view assumed a relatively 

invariant phonemic structure, contemporary research increasingly suggests that 

phonemes are better understood as dynamic categories, continuously shaped by 

contextual and communicative constraints. Research in phonology, phonetics, and 

sociolinguistics (e.g., Browman & Goldstein, 1990a; Labov, 1986; Lindblom, 1990) 

highlighted that variation is not random or peripheral, but central to how speech is 

produced and understood in real-world contexts.  

 

Within these emerging frameworks, reduction came to be viewed not as imprecision, 

but as a reflection of efficient, listener-oriented communication. Furthermore, reduction 

phenomena might challenge the classical concept of a fixed phonemic inventory, as they 

demonstrate that the boundaries between phonemes can be fluid and highly context 

dependent. Models such as Lindblom’s Hyper and Hypo-speech Theory (1990) proposed 

that speakers dynamically adjust articulation based on communicative goals, balancing 

clarity and effort. Similarly, articulatory phonology (Browman & Goldstein, 1990) 

emphasized gestural coordination over fixed segmental targets, accounting for fluid 

transitions and overlap in natural speech. This reconceptualization of speech sounds as 

context-sensitive, gradient, and functionally adaptive, laid the groundwork for the 

contemporary perspectives on reduction. 

 

Today, speech reduction is more widely understood as a pervasive and systematic 

phenomenon in which segments, syllables, or even entire words may be compressed, 

coarticulated, or deleted in fluent speech. Far from being anomalous, such reductions are 

intrinsic to naturalistic communication across languages and styles. Yet, despite its 

ubiquity, reduction was long sidelined in theoretical models, in part due to 

methodological challenges and historical bias toward carefully articulated, citation-form 

speech. Crucially, speech reduction is not merely the result of articulatory constraints or 
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communicative pressure; it is shaped by the structural properties of the language system 

itself. Languages differ in how reductions are realized, guided by typological features 

such as prosodic structure, morphological complexity, and lexical frequency patterns 

(Bybee, 2002b). This suggests that reduction is not a deviation from linguistic norms but 

a language-specific, rule-governed aspect of phonological organization, one that reflects 

and reinforces systematic variation rather than opposing it. 

 

Canonical vs Reduced productions 
A growing body of research suggests that “canonical” and “reduced” forms do not 

constitute strictly categorical oppositions, but instead exist along a continuum of 

pronunciation variants, ranging from fully articulated to highly reduced forms (Nolan, 

1992). The recognition of speech as existing on a continuum challenges the traditional 

view of reduction as a mere deviation from an idealized, canonical form. Rather than 

being arbitrary or irregular, reductions emerge as a systematic and adaptive aspect of 

spoken communication, shaped by efficiency and contextual demands.  

 

Articulatory phonology (Browman & Goldstein, 1990) further supports this gradient 

view, explaining reduction in terms of gestural overlap and magnitude. According to this 

model, pronunciation variants arise due to changes in articulation rate, leading to 

increased gestural overlap and decreased gestural magnitude and not necessarily due to 

the addition, deletion, or modification of gestures. This inherently implies that reduction 

is not a binary process but rather a continuous phenomenon. From this perspective, 

speech reduction is not merely an artifact of casual speech but a natural extension of 

variation in spoken language, resulting in a spectrum of reduced forms, and 

demonstrating how efficiency is maintained in real-time communication.  

 

The privileging of canonical productions in traditional linguistic research likely stems 

from their association with faster and more accurate recognition in laboratory-based 

word recognition tasks (Ernestus & Baayen, 2007; Pitt et al., 2011; Ranbom & Connine, 

2007). Canonical forms are often considered ideal targets in models of lexical access, due 

to their clearer segmental structure and assumed acoustic stability. Studies such as 

Bradlow and Pisoni (1999), and Bradlow and Bent (2002) have reinforced this perspective 

by demonstrating a “clear speech” benefit in intelligibility for native listeners, 
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particularly in noise or for individuals with hearing impairments. However, the 

generalizability of this advantage has been challenged. For instance, Bradlow and Bent 

(2002) found that non-native listeners do not necessarily benefit from clear speech to the 

same extent, suggesting that the processing advantage of canonical forms may be 

language-specific or listener-dependent.  

 

Moreover, the assumed canonical advantage is often based on experimental designs 

involving words in isolation, where dictionary-like pronunciations are expected to be 

more frequent (Tucker, 2011). Yet, in spontaneous conversational speech, highly frequent 

pronunciation variants, such as flaps in American English or schwa deletion in French, 

can be processed as efficiently as, or even more efficiently than their canonical 

counterparts, especially when supported by contextual cues (Bürki et al., 2010; Connine, 

2004). In fact, Dilley and Pitt (2010) show that perception of reduced forms is highly 

sensitive to temporal context and speaking rate, further problematizing the notion of a 

fixed, “ideal” form. 

 

Nonetheless, research on larger linguistic contexts, including full sentences (Ranbom 

et al., 2009) has also found evidence for a canonical advantage, even in environments that  

favor reduced forms. While reduced forms may align more naturally with conversational 

speech patterns, canonical forms still provide perceptual advantages. However, these 

studies primarily involve carefully produced speech rather than spontaneous 

productions, making it unclear whether the speaking style really favored canonical 

variants. In contrast, studies on casual speech (Sumner, 2013; Tucker, 2011) suggest that 

reduced forms can be processed as efficiently as canonical forms when the speech is 

naturally produced. That said, recognition of severely reduced forms in spontaneous 

speech remains challenging for listeners, even though contextual cues improve 

comprehension (Ernestus et al., 2002). 

 

Thus, while canonical forms have traditionally served as the baseline in phonetic and 

psycholinguistic models, their privileged status may reflect methodological bias more 

than empirical necessity. One perspective in this debate is that the canonical form alone 

does not define a word’s "phonetic essence" (Niebuhr & Kohler, 2011).  In light of research 

emphasizing the flexibility and adaptiveness of speech production, it becomes 

increasingly clear that canonical forms represent only one end of a continuum of 
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variation, rather than the standard against which all speech should be measured. 

Ernestus and Smith (Ernestus & Smith, 2018) propose that in studying the perception of 

reduced forms; the focus should shift away from what is present in the full, canonical 

form and toward what remains when certain phonetic elements are reduced. 

 

Reconceptualizing reduction in speech 
This evolving perspective has led to a reassessment of the role of reduction in everyday 

speech, offering new insights into the mechanisms underlying spoken language 

production, perception, and variation. As the recently growing body of research indicates 

that reduction is not merely a random or imprecise deviation from an idealized form, but 

rather a highly systematic and contextually governed process shaped by linguistic, 

cognitive, and communicative factors (Mitterer & Ernestus, 2008; Warner & Tucker, 

2011). 

 

Much of the prior research on speech reduction has primarily focused on highly 

perceptible and lexically driven reductions. Two examples from French include (Wu & 

Adda-Decker, 2020): 

 

• je suis /ʒə sɥi/ (I am) produced as → [ʃɥi] 

• je ne sais pas /ʒə nə sɛ pa/ (I don’t know) produced as → [ʃɛpa] 

 

 These forms follow regular and predictable phonetic patterns and are relatively easy 

to identify because they involve frequent function words or commonly reduced syllables. 

Yet, speech reduction is not confined to these surface-level phonological transformations. 

It can encompass a wide range of subtler articulatory modifications that do not always 

conform to pre-established lexicalized patterns.  

 

Some of these reductions are far more elusive, often escaping perceptual detection by 

the human ear due to their gradual, gradient nature. For instance, reductions that involve 

weakened consonantal gestures, vowel centralization, or coarticulatory effects may not 

be immediately recognized as distinct phonetic alterations yet still play a crucial role in 

shaping spoken language dynamics (Ernestus, 2014). Such subtler forms of reduction 

challenge traditional methodologies of speech analysis, as they do not always result in 
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clearly segmentable phonological transformations but rather emerge through continuous 

variation along articulatory and acoustic dimensions (Niebuhr & Kohler, 2011). 

Consequently, their identification requires more refined acoustic analysis tools, advanced 

corpus-based methodologies, and computational modeling to accurately capture and 

quantify the extent and nature of these processes (Schuppler et al., 2011; Tucker, 2011). 

 

Given the systematic and structured nature of reduction, it is clear that this 

phenomenon deserves more extensive empirical investigation. Understanding reduction 

not only provides crucial insights into the efficiency and adaptability of spoken language 

but also has implications for speech perception models, automatic speech recognition 

systems, and language acquisition research (Aylett & Turk, 2004). Recognizing reduction 

as an integral aspect of natural speech, rather than a mere deviation from an idealized 

norm, shifts the focus toward a more comprehensive view of spoken language as a 

dynamic and adaptive system, warranting further interdisciplinary research. 

 

Reduction as a multi-faceted phenomenon 
Despite significant advancements in phonetic research, methodological challenges 

continue to impede a comprehensive and nuanced understanding of speech reduction in 

all its forms. One major difficulty is the high degree of variability in reduced forms and 

the inherent limitations of human perception (Johnson, 2004). Some reductions occur so 

subtly that they are nearly imperceptible, requiring advanced acoustic and computational 

analysis techniques for their detection (Ernestus & Warner, 2011). Consequently, many 

studies have concentrated on highly perceptible and lexically driven reductions, as these 

are more easily transcribed and analyzed using conventional methods. This focus on 

salient reductions has resulted in an incomplete picture of the phenomenon, potentially 

overlooking less obvious, yet equally systematic, reduction processes.  

 

Additionally, a reliance on transcription-based methods introduces further limitations, 

as these approaches are inherently constrained by the listener’s ability to detect and 

categorize reductions. This issue is exacerbated by the fact that different listeners may 

perceive reductions differently based on linguistic background, experience, and 

contextual expectations. As a result, speech reduction research has historically been 

skewed toward reductions that fit pre-established phonological frameworks, limiting our 
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understanding of its full variability. Addressing these challenges requires a more 

inclusive approach that integrates perceptual, acoustic, and computational methods to 

systematically analyze reductions. By refining methodologies and expanding the scope 

of investigation, we can develop a more accurate and comprehensive model of how 

speech reduction operates within natural communication. 

 

Given this shift in understanding, it becomes essential to examine the mechanisms and 

patterns of speech reduction more closely, exploring the conditions under which 

reductions occur and their implications for models of speech production and perception.  

Extending the scope of reduction to include less explored forms will contribute to a 

deeper understanding of spoken language variability, highlighting the delicate balance 

between intelligibility and efficiency in human communication. 

 

This thesis aims to investigate a range of speech reductions in casual and familiar 

speaking contexts with the goal of better understanding how and why these reductions 

occur by analyzing sufficiently large, natural speech datasets. The main hypothesis is that 

reduction is a broad phenomenon that requires a combination of theoretical perspectives 

and experimental methods, in order to discover various types and to better analyze them. 

This thesis will explore the influence of factors such as speaking rate, grammatical 

structure, articulation, prosody and how these reductions emerge in children’s 

developing speech.  

 

The next section provides a brief overview of the current state of research on speech 

reduction, highlighting key findings and ongoing debates. This is followed by a detailed 

description of the methodology used to detect and analyze reductions in spontaneous 

speech. The four main chapters that follow each present a core article, exploring different 

dimensions of speech reduction and together offering a deeper, more nuanced 

understanding of how and why reduction occurs in everyday conversations. 
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Chapter 1- State of the art 

1.1. Understanding reduction: definition and 

prevalence 
 

The work in this dissertation focuses on speech reduction in spontaneous French 

conversations, a phenomenon that plays a crucial role in shaping the fluidity and 

efficiency of spoken communication. Speech reduction is a pervasive and fundamental 

process in which linguistic units —such as segments, syllables, and/or entire words— are 

produced with weakened or altered articulatory and acoustic properties (Ernestus & 

Warner, 2011). This process exists on a continuum of acoustic-phonetic alterations, 

ranging from subtle articulatory changes to significant temporal compressions.  

 

Phonetic reduction occurs when segments, syllables, or entire words are produced 

with less articulatory effort and acoustic-phonetic substance compared to their full, 

canonical forms (Clopper, et al., 2018).  Within this broad framework, Johnson (2004) 

introduced the term “massive reduction” to describe two key phenomena: (i) syllable 

deletion and (ii) segmental changes. These two processes, though somewhat overlapping, 

can be systematically identified and quantified within phonetically transcribed speech 

corpora. Reduction can occur at various levels and impact not only spectral properties 

and temporal aspects but can also lead to the absence of segments. A unit can be 

considered reduced if: 

 

(i) Its acoustic representation involves fewer segments than its canonical 

pronunciation would suggest, such as the absence of segments (e.g., [ste] 

instead of [sete] for “c’était” (it was)) (Johnson, 2004).  

 

(ii) A segment of the canonical pronunciation is realized with the acoustic 

properties of another segment associated with less articulatory effort (e.g., 

lenition) (Browman & Goldstein, 1990b; Kirchner, 2013). 
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(iii) The segments in the canonical form undergo phonological processes that create 

shortened or assimilated forms (Ohala, 1993; Kohler, 1991). 

 

Additionally, reduction can affect different linguistic levels, from individual segments 

to entire phrases. Segment level reduction, such as vowel and consonant reductions has 

been widely investigated in phonetics and speech processing. 

 

In French, the findings of Adda-Decker and Snoeren (2011) underscored the 

prevalence of speech reduction across various contexts, particularly in spontaneous 

French conversations. Their analysis of segment duration distributions revealed that 

casual speech exhibited significantly shorter segment durations compared to careful 

speech, with more than 30% of segments in conversational speech lasting only 30–40 ms. 

Cross-linguistic comparisons indicated that this pattern of reduction was not exclusive to 

French but also occurred in English, suggesting that casual speech might universally lead 

to a flattened duration distribution. Furthermore, they found that reductions were not 

limited to specific phonemes but affected both vowels and consonants. However, certain 

segments were particularly prone to reduction, with schwa [ə] being the most frequently 

deleted vowel, especially in high-frequency function words. Among consonants, liquids 

(/l/) and glides (/w/) showed high reduction rates, particularly in words like je suis (I am), 

where schwa deletion and consonantal assimilation contributed to substantial phonetic 

alterations. Voiceless fricatives tended to maintain longer durations, while voiced 

fricatives, particularly /v/, exhibit notable reduction in casual speech.  

 

In his analysis of a corpus of American English conversations, Johnson (2004) found 

that 6% of content words and 4.5% of the function words exhibited reduction. 

Furthermore, reduction was highly pervasive at the segmental level: more than 60% of 

words in the corpus deviated from their citation form on at least one phone, while 28% 

of words deviated on two or more segments, which is a notable deviation rate, given that 

68% of word tokens contained three or fewer phones. Segment deletion was particularly 

widespread. A syllable deletion analysis revealed that 5-6% of words in the corpus had 

at least one syllable omitted. However, segmental deletion was even more frequent; over 

20% of words contained at least one deleted segment, and 5% of words exhibited two or 

more segment deletions, representing a strikingly high rate of deletion, underscoring the 

extent of phonetic reduction in conversational speech. 
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Similarly, quantitative research on speech reduction in Dutch highlighted its high 

prevalence in casual conversations. Schuppler and colleagues (2011) analyzed 153,200-

word tokens from 10 informal Dutch conversations, reporting a 19% syllable deletion rate 

and a 40% rate of segment alteration or deletion. Additionally, Pluymaekers and 

colleagues (2005) found that reductions occur frequently in both function and content 

words, with lexical frequency playing a crucial role; high-frequency words were more 

likely to undergo reductions, such as vowel centralization or deletion. Taken together, 

these findings emphasize the systematic and widespread nature of phonetic reduction in 

spontaneous speech, affecting a range of speech segments and occurring across different 

languages and styles. In the following section, we will present an overview of the 

specifics of reduction, beginning with reduction of segments, such as vowels and 

consonants before expanding our focus to larger linguistic units.  

 

 

1.1.1. Vowel Reduction 
 

Vowel reduction is a widespread phenomenon observed across many languages, 

particularly in the context of unstressed syllables or informal speech (Van Bergem, 1995). 

The phenomenon of vowel reduction is particularly significant because of the continuous 

and overlapping articulatory nature of vowel transitions, unlike the more discrete 

articulatory events observed for consonants. This continuity makes vowel segments 

especially susceptible to variation and reduction in natural speech, as articulatory inertia 

and coarticulatory pressures accumulate more easily across adjacent vowels.  

 

Vowel reduction typically involves centralization, shortening, or even complete 

deletion of vowels, resulting in a simplified vowel system in specific prosodic or 

contextual environments. Lindblom (1963) characterizes vowel reduction as a gradual 

and systematic process that results in a compressed and centralized vowel space due to 

a decrease in spectral and durational distinctiveness. Reduced vowels tend to assimilate 

to surrounding segments and become more centralized in the vowel space. Vowel 

reduction has found to be linked with many conditions and prosodic contexts such as in 

unstressed syllables, at lower prosodic boundaries and at increased speech rates 

(Lindblom, 1963), as well as in function words compared to lexical words (Van Bergem, 
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1993) and in durationally shortened areas in connected speech (Gendrot & Adda-Decker, 

2005).  

 

As the reduction in the spectral properties of vowels was often accompanied by a 

shortening of the vowel, Lindblom (1963) proposed that vowel reduction was a result of 

the formant undershoot caused by durational constraints. Undershoot implies that due 

to temporal constraints the articulators do not reach vowel-specific articulatory targets, 

resulting in a shrunken vowel space and less distinct formant patterns. However, it is 

also possible for vowels to be spectrally reduced without shortening, due to force-

dependent undershoot, where reduced articulatory effort leads to slower and less 

extreme articulatory movements (Moon & Lindblom, 1994).  Vowel reduction manifests 

itself in several ways acoustic, phonetically, and durationally. 

 

Acoustic manifestations of vowel reduction include: 

(i) Centralization: Reduced vowels tend to move towards the center of the vowel 

space, often approaching schwa-like productions (Bates, 1995). 

(ii) Formant changes: F1 values tend to decrease, particularly in unstressed vowels; 

and the acoustic vowel space becomes reduced (Strycharczuk, Ćavar, & Coretat, 

2021). 

 

Phonetic manifestations of vowel reduction include: 

(i) Decreased articulatory effort: Reduced vowels show less extreme articulatory 

positions and movements (Bates, 1995). 

(ii) Increased coarticulation: Slower articulatory movements lead to more overlap 

between adjacent sounds. 

(iii) Underspecification: Reduced vowels, especially schwa, may be largely 

unspecified for tongue and jaw position, allowing for greater contextual 

variability (Bates, 1995). 

 

In addition to these, vowel reduction can manifest itself in the shortening of durations; 

reduced vowels are typically shorter than their full counterparts (Fourakis, 1991). 

However, the occurrence and extent of vowel reduction can vary significantly between 

languages. For instance, English exhibits extensive vowel reduction (Lindblom, 1963), 

(Johnson, 2004) with many unstressed vowels reducing to schwa, while languages like 

Spanish show less dramatic reduction patterns (Broś, 2017). Factors influencing vowel 
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reduction include stress patterns, speech rate, word frequency, and the phonological 

structure of the language. 

 

 

1.1.2. Consonant Reduction 
 

Consonant reduction, on the other hand, has received comparatively less attention, 

except in studies focusing on consonant cluster simplification in children and second 

language acquisition (e.g., McCarthy, 2008; McLeod et al., 2001). Van Son and Pols (1999) 

state that there is a lack of data that would allow a comparison between the acoustic 

consequences of vowel and consonant reduction in a unified framework. This limits the 

utility of the knowledge obtained from vowel reduction research in understanding the 

consonant reduction patterns. Unlike vowels, which are produced through continuous 

movements within the vocal tract, consonants are typically articulated through more 

discrete positions and gestures. This fundamental difference means that reduction does 

not operate in the same way across the two categories: while vowel reduction often 

involves centralization or temporal compression, consonant reduction can take many 

diverse forms (van Son & Pols, 1999) and is generally harder to generalize. 

 

In informal speech styles, consonants often exhibit articulatory weakening, reduced 

precision, or even deletion (Van Son & Pols, 1999). Acoustic evidence suggests that 

reduced consonants may lack clear closure, formant transitions, or bursts (Byrd & Tan, 

1996; Duez, 1995; Son & Pols, 1995). For instance, Crystal and House (1982) found that 

almost half of stop consonants in their corpus of read connected speech lacked either a 

closure or a burst. Similarly, Warner and Tucker (2011) observed that in American 

English, highly reduced productions of stops and flaps occur frequently, with 

approximant-like tokens even in careful speech. They also reported that approximant-

like realizations of expected stops and flaps in some conditions constitute the majority of 

tokens. In extreme cases, entire consonants may be deleted, as demonstrated in 

Greenberg (1999), where consonantal omissions were found to be a common feature of 

conversational speech. Similar to vowel reduction, consonant reduction manifests itself 

acoustically, phonetically, and durationally. 
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Acoustic manifestations of consonant reduction include: 

(i) Spectral changes: Reduced consonants often show less distinct spectral features 

compared to their full forms (Parrell & Narayanan, 2018). 

(ii) Formant transitions: The formant transitions into and out of consonants may be 

less pronounced in reduced forms (Van Son & Pols, 1999). 

(iii) Center of Gravity (COG) shifts: Non-plosive consonants typically show a 

decrease in COG in spontaneous speech, indicating a reduction in articulatory 

effort (Van Son & Pols, 1999). 

 

Phonetic manifestations of consonant reduction include: 

(i) Consonant cluster simplification: One or more consonants in a cluster may be 

omitted or simplified (McCarthy, 2008). 

(ii) Assimilation: Consonants may partially or fully adopt features of adjacent 

sounds (Duez, 2002). 

(iii) Lenition: Stop consonants may be realized as approximants in certain contexts 

(Warner & Tucker, 2011). 

(iv) Deletion: In extreme cases, consonants may be completely omitted (Greenberg, 

1999). 

 

In addition to these, consonant reduction can manifest itself through shortened 

segment durations, a process similar to vowels. Van Son and Pols’ (1999) report that the 

decrease in duration of consonants is such that the relative duration, as a fraction of total 

VCV segment duration, remains unchanged, suggesting that the change in duration 

seems to be a result of a “global” increase of speaking rate in spontaneous speech. 

However, it should be stated that not all consonant categories are affected by the 

reduction in the same way, it is possible to observe category specific manifestations of 

reductions.  

Consonant reduction is influenced by several key factors. Speaking style plays a crucial 

role, with spontaneous and casual speech exhibiting more reduction than careful or read 

speech (Greenberg, 1999). Phonetic environment also shapes reduction patterns, as 

surrounding sounds can affect the degree and type of modification (Duez, 2002). 

Additionally, faster speech rates tend to increase reduction, while high-frequency words 

are more prone to undergoing these changes (Parrell & Narayanan, 2018). Prosodic 
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position further influences reduction, with consonants in weak prosodic positions being 

more susceptible (Parrell & Narayanan, 2018).  

 

 

1.1.3. Challenges of a segment-based approach to 

reduction 
 

Studying reduction using a segment-based approach presents methodological and 

theoretical challenges. In spontaneous speech, the assumption that speech unfolds as a 

sequence of discrete, identifiable segments often fails to reflect the complex, continuous, 

and overlapping nature of articulatory events. Reduced words are often difficult to 

annotate and segment; articulatory gestures blend across segment boundaries, and 

phonetic realizations often diverge from canonical forms to the point where individual 

segments may become acoustically untraceable. 

 

Even in cases where a segment appears to be absent in the acoustic signal, it may still 

exert an influence on surrounding sounds through coarticulatory or prosodic effects, 

leaving behind what Niebuhr and Kohler (2011) describe as phonetic traces. These effects 

challenge the notion of the phoneme as a stable, recoverable unit. As Farnetani and 

Recasens (Farnetani & Recasens, 1997) point out, coarticulation results in a dynamic vocal 

tract configuration that reflects the influence of multiple articulatory targets at once, 

rather than clean, segment-by-segment articulation.  

 

This raises important questions about the ontological status of the phoneme in 

connected speech. Is the phoneme a psychologically real unit, or an abstraction imposed 

by linguistic theory? In frameworks like Articulatory Phonology (Browman & Goldstein, 

1992), the traditional segment is replaced by articulatory gestures that may overlap and 

coordinate in time, offering a more realistic model of how speech is produced and 

perceived. From this perspective, reduction is not an anomaly but a natural outcome of 

gestural dynamics and efficiency in communicative contexts. 

 

Given these complexities, a purely segmental approach may obscure rather than 

illuminate the nature of reduction. Instead, there is increasing recognition of the need to 
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analyze reduction at larger linguistic units, such as syllables, words, or multi-word 

chunks, where patterns of articulatory coordination, frequency, and predictability better 

account for observed variability in spontaneous speech. This shift in perspective aligns 

with usage-based and exemplar models of speech processing (Bybee et al., 2016), which 

emphasize gradient variation and context-sensitive production over idealized, segmental 

templates. 

 

 

1.1.4. Reduction at the word and multi-word 

levels 
 

While research on speech reduction has spanned multiple levels of linguistic structure, a 

large focus has been placed on segmental reduction. This emphasis stems from the 

relative ease with which segmental processes can be analyzed within existing 

phonological frameworks (Kirchner, 2013). Phonetic models traditionally treat the 

segment as the fundamental unit of speech analysis, making it more straightforward to 

describe reduction in terms of phonological rules, constraints, or articulatory processes. 

Consequently, large-scale corpora and computational models have been developed to 

analyze and predict segmental reduction, facilitating a more systematic exploration of 

consonant weakening, vowel centralization, and segment deletion (Ernestus & Warner, 

2011).  

 

      However, reduction extends far beyond individual segments. Entire words and multi-

word sequences undergo systematic phonetic changes that present unique analytical 

challenges. Unlike segmental reduction, which can often be described in terms of 

articulatory undershoot or coarticulation, word- and phrase-level reductions involve 

interactions between prosody, frequency effects, and syntactic structure (Ernestus & 

Smith, 2018). The challenge of identifying and measuring these reductions lies in their 

subtle and context-dependent nature, they often involve gradient phonetic modifications 

rather than categorical segment loss. Moreover, prosodic restructuring, stress shifts, and 

rhythmic reorganization contribute to the variability of reduced forms, making them 

harder to codify in formal phonological models (Bell et al., 2009; Bybee, 2002a). In 

particular, Adda-Decker and colleagues (2005) demonstrate that in spontaneous French, 
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phenomena such as re-syllabification where segmental material is re-assigned across 

syllable boundaries, play a central role in shaping the surface form of utterances. These 

dynamic reconfigurations often obscure canonical word and syllable boundaries, 

complicating the task of aligning surface realizations with their underlying phonological 

representations and further highlighting the gradient, context-sensitive nature of 

reduction.  

 

Another reason why word and multi-word reductions remain less studied is the lack 

of annotated large-scale corpora. Segmental reduction has benefited from phonemically 

transcribed datasets that enable systematic analysis, whereas comparable resources for 

multi-word reductions (annotated for fine-grained phonetic, prosodic, and usage-based 

factors) are still scarce. The statistical modeling and machine learning techniques that 

have advanced segmental reduction studies are still adapting to the complexities of 

phrase-level reduction, which requires capturing higher-level linguistic structures and 

their interactions.  

 

Despite these challenges, research on word-level reduction has yielded significant 

insights. Studies have shown that high-frequency words and function words are 

particularly susceptible to reduction, often undergoing phonetic weakening, segment 

deletion, and vowel centralization (Ernestus, 2000; Johnson, 2004). These reductions make 

common words difficult to distinguish in fluent speech, leading to a reliance on 

contextual cues for comprehension. One well-documented example is schwa deletion in 

French, where words such as petite [pətit] may be realized as [ptit] (Adda-Decker & 

Snoeren, 2011). Similarly, in English, phrases like going to frequently reduce to [gʊnə] or 

even [gə̃] in conversational speech. 

 

Beyond isolated words, multi-word reduction represents another major area of study. 

Frequently co-occurring word sequences tend to form highly fused units, blurring word  

boundaries and creating reduction patterns that challenge traditional lexical 

segmentation (Bybee, 2002a). In French, for instance, the phrase je ne sais pas (I don’t 

know) is often realized as [ʃepa] or [ʃpa], while in Dutch, function words are frequently 

shortened or even disappear entirely in casual speech (Binnenpoorte et al., 2005). These  

reductions are not arbitrary, they emerge from usage-based linguistic tendencies, where 
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high-frequency phrases become entrenched as fixed, reduced chunks, leading to stress 

loss, phonetic erosion, and eventual grammaticalization (Bybee et al., 2016).  

 

Importantly, multi-word reduction is shaped by both linguistic and cognitive factors. 

Reduction patterns reflect not only historical sound changes but also real-time speech 

processing constraints, where speakers optimize articulatory effort and listeners rely on 

predictability to reconstruct meaning. This interaction between production ease and 

perceptual efficiency highlights the importance of studying reduction beyond the 

segmental level, as it provides insights into both language evolution and speech 

processing mechanisms (Torreira & Ernestus, 2012). Therefore, extending the study of 

reduction beyond the segments is crucial to gain a more comprehensive understanding 

of how spoken language varies dynamically across contexts, registers, and 

communicative needs. 

 

Given the complexity and pervasiveness of speech reduction, it is necessary to examine 

it across multiple linguistic levels—from individual segments to entire multi-word 

sequences. This dissertation will specifically focus on multi-word sequences and propose 

a novel method for their detection (Chapter 2). However, before introducing this method, 

the next section will provide an overview of the key factors influencing reduction in 

casual speech. 

 

1.2. Influencing factors in speech reduction 
 

Reduction involves a complex interplay of linguistic, conversational and cognitive 

factors. Understanding these factors is crucial for developing comprehensive models of 

speech production, perception, and language processing (Tucker & Ernestus, 2016). The 

growing interest in spontaneous speech along with the development of large 

conversational corpora and advanced tools for speech analysis such as phonetic 

annotations and forced alignment (Adda-Decker & Snoeren, 2011) allowed a more in-

depth analysis of reduction and the underlying mechanism. The following section 

focuses on linguistic and conversational influences that are known to shape reduction 

patterns, while acknowledging these are not the only factors that are in play in the 

production of reductions. 
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1.2.1. Linguistic factors 
 

This section focuses on the phonological, prosodic, and lexical factors that influence 

speech reduction. While other aspects, such as syntactic or more complex morphological 

structures, may also be relevant, they are beyond the scope of the present discussion. 

 

 

1.2.1.1. Phonological and prosodic factors 

 

Phonological processes have been found to influence the phonetic realization of words 

in connected speech (Fruehwald, 2013). Most phonological alterations arise from 

modifications in the sequencing of articulatory gestures, which minimize muscular 

activity by either reducing the degree of displacement from a neutral position or 

shortening the temporal dimension through the overlap of consecutive gestures 

(Browman & Goldstein, 1992). Bybee and colleagues (2016) argue that reduction is 

determined by phonetic and phonological trends already present in the language which 

are accelerated in high-frequency phrases, and that this reduction is phonetically gradual.  

 

One key factor is prosodic structure, which governs how reduction operates at 

different levels of phrasing and prominence (Aylett & Turk, 2004; Wightman et al., 1992). 

Research has shown that unstressed syllables and weak prosodic positions are 

particularly prone to reduction, as seen in vowel centralization and deletion across 

languages (Bybee, 2002a).  For instance, vowels in unstressed syllables often undergo 

reduction, making them more similar to schwa, and word final /t/ may be deleted in 

certain contexts. These alterations are not random; they are governed by phonological 

rules and constraints that are sensitive to the surrounding phonetic environment 

(Kilbourn-Ceron et al., 2020). Phonotactic constraints determine whether reduced forms 

remain phonologically acceptable within a given language. For example, in English, 

word-final /t/ and /d/ deletion is more likely to occur when the resulting consonant cluster 

conforms to native phonotactic patterns (Guy, 1991b, 1991a). Similarly, schwa deletion in 

French is influenced by sonority principles, favoring reductions that preserve syllabic 

structure (Bürki et al., 2011).  
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Reduction is further modulated by lexical storage and retrieval processes. Words with 

multiple stored pronunciation variants, as suggested by exemplar-based models of 

speech production (Goldinger, 1998), may be produced in more reduced forms 

depending on contextual and speaker-related factors. This is evident in studies showing 

that speakers retrieve and produce more frequent pronunciation variants with greater 

ease (Bürki et al., 2010). Furthermore, variation in reduction processes across languages 

and dialects suggests that phonological rules governing segmental deletion can be both 

gradient and categorical, depending on language-specific constraints and lexical 

organization (Torreira & Ernestus, 2011). 

 

Phonological neighborhood density, defined as the number of words that can be 

formed by a single phoneme substitution, addition, or deletion from the target word 

(Gahl & Strand, 2016), has significant implications for speech reduction by influencing 

both word recognition and production processes. In read speech, words with fewer 

phonological neighbors are recognized more easily and rapidly, but they require greater 

articulatory effort in production. Conversely, in conversational speech, high-density 

words —those with many phonological neighbors— tend to undergo more temporal and 

spectral vowel reduction than low density words (Gahl et al., 2012). However, this effect 

may be language-dependent; for example, Yao and Meunier (2014) report an opposite 

trend in French, suggesting that the relationship between neighborhood density and 

reduction may vary across linguistic systems. These findings align with broader research 

showing that neighborhood density inhibits word recognition due to lexical competition 

(Luce & Pisoni, 1998), but facilitates production by enhancing activation and retrieval 

efficiency (Stemberger, 2004). The tendency for high-density words to be reduced in 

spontaneous speech supports the idea that frequent lexical access allows for articulatory 

streamlining, contributing to phenomena such as vowel centralization, elision, and 

assimilation. This interplay between lexical structure and phonetic reduction highlights 

the adaptive nature of speech production, where communicative efficiency influences the 

extent of reduction depending on speech context. 
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1.2.1.2. Lexical factors: Frequency, contextual predictability and 

morphology 

 

Numerous studies have shown that listeners process reduced word pronunciations 

more efficiently when these words are highly frequent (Brand & Ernestus, 2018; Ranbom 

& Connine, 2007). From a production perspective, high-frequency words are also more 

susceptible to reduction than low-frequency words. This phenomenon is attributed to the 

fact that frequently used words are more often exposed to production biases that lead to 

phonetic reduction (Bybee et al., 2016). The high frequency of usage facilitates the 

automation of articulatory routines, thereby increasing the likelihood of lenition, 

centralization or even elision in casual speech. 

 

The relationship between frequency and reduction is further influenced by contextual 

ease. Clopper and Turnbull (Clopper & Turnbull, 2018) propose that phonetic reduction 

occurs more frequently in “easy” contexts —contexts that impose lower processing 

demands on both the speaker and the listener. They identify several characteristics that 

define such contexts: 

 

(1)   High-frequency words: More commonly used words tend to be reduced more 

often (Jurafsky et al., 2008). 

 

(2) Low phonological neighborhood density: Words with fewer phonological 

neighbors are less likely to be confused with other words, making reduction less risky 

(Gahl et al., 2012). 

 

(3)  High semantic predictability: Words that are easily inferred from their linguistic 

context are more prone to reduction (Bell et al., 2003a). 

 

(4) Second mention in discourse: Words that have already been introduced in 

conversation tend to be pronounced less clearly upon repetition (Fowler & Housum, 

1987). 

 

(5) Casual speaking styles: Reduction is more prevalent in informal speech than in 

careful or formal speech (Gendrot et al., 2012). 
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The fact that high-frequency words are produced more quickly suggests that lexical 

frequency influences both lexical access and motor planning during speech production 

(Balota & Chumbley, 1985), highlighting the decreased processing demands for both the 

speaker and listener. More frequent words have stronger memory representations and 

are retrieved with greater ease, thereby reducing the cognitive load required for 

articulation (Dell, 1990). This ease of retrieval, in turn, allows speakers to economize 

articulatory effort, leading to reduced pronunciations. 

 

Furthermore, contextual predictability also plays a crucial role in reduction. 

Predictability refers to the degree to which a linguistic element (e.g., word, syllable) can 

be anticipated by a listener based on the surrounding linguistic and discourse context. 

When a word is highly predictable, either because it has been mentioned previously or 

because it fits well within the syntactic or semantic structure, speakers often reduce its 

articulation. Early experimental evidence for the influence of predictability on speech 

reduction comes from Lieberman (1963), who demonstrated that words with low 

contextual predictability in conversation are more intelligible when removed from their 

context and presented in isolation. In contrast, highly predictable words tend to be more 

reduced, suggesting that unpredictability prompts clearer pronunciation to aid listener 

comprehension. Similarly, Fowler and Housum (1987) found that repeated words in a 

narrative -typically more predictable on second mention- are less intelligible than their 

first occurrences. This finding aligns with the principle that new or unpredictable 

information is articulated more clearly than old or predictable information, as listeners 

rely less on contextual inference for word recognition when encountering novel lexical 

items. 

 

Words that are highly predictable within a given linguistic context tend to undergo 

greater reduction, a phenomenon known as probabilistic reduction (Bell et al., 2003b; 

Jurafsky et al., 2000). This effect has been observed not only for lexical words but also for 

grammatical morphemes, indicating that predictability influences phonetic realization 

across multiple linguistic levels. Aylett and Turk (2004) argue that such reduction reflects 

a communicative trade-off: when context provides sufficient cues, speakers economize 

effort by reducing articulation, relying on the listener’s ability to infer the intended word. 

Conversely, words that are less predictable tend to be pronounced more clearly to 



42 
 

enhance their perceptual salience, ensuring that listeners can successfully identify them 

(Priva, 2015). 

 

Speech reductions tend to first affect the least informative elements of an utterance 

(Jurafsky, Bell, Gregory, & Raymond, 2001). These include function words that are 

predictable from the context, idioms, morphological markers (especially inflectional 

endings), discourse markers, and common temporal expressions such as dates (Johnson, 

2004). Because these elements contribute little new information to a conversation, they 

are more prone to reduction without significantly impairing comprehension. 

 

Additionally, morphological structure can also influence reduction (Hanique & 

Ernestus, 2012), as morphemes are not only carriers of meaning but also subject to 

articulatory and perceptual constraints. One key factor influencing reduction is 

morphological redundancy—when a suffix or an inflectional marker conveys 

information that is already retrievable from context, it becomes more prone to weakening 

or deletion (Zimmermann, 2016). For instance, in highly inflected languages, grammatical 

morphemes such as case markers, agreement suffixes, or plural markers may be reduced 

in spontaneous speech when they are predictable from syntax and discourse (Schuppler 

et al., 2012). In English, morphological reduction is commonly observed in function 

words and contracted forms, such as “he is” → “he’s” or “going to” → “gonna” (Bybee, 

2010). Similarly, in Dutch, segment deletion is frequently found in morphologically 

complex words. This suggests that certain morphological components are more 

vulnerable to reduction than others, especially when they carry less semantic weight or 

when contextual cues allow for their omission without impeding comprehension. 

Notably, the higher degree of reduction observed in Dutch function words may also stem 

from the fact that many of these words (e.g., eigenlijk (actually) from (Ernestus & Smith, 

2018)) are at least bisyllabic, offering more material for phonetic reduction. 

 

The position of a morpheme or segment within a word also influences its susceptibility 

to reduction. Word-final segments, particularly in unstressed syllables, are more prone 

to weakening or deletion due to articulatory lenition (Beckman, 1998). This may be 

particularly evident in languages like French, where final consonants in morphologically 

complex words are frequently elided unless followed by a vowel in liaison contexts 

(Durand et al., 2001). Similarly, in English, word-final /t/ and /d/ sounds are often subject 
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to deletion, especially in clusters (west coast → wes’ coast) (Labov, 1969). Additionally, 

inflectional suffixes in agglutinative languages, such as Turkish, may be reduced when 

predictability is high. 

 

 

1.2.2. Conversational factors 
 

This section aims to provide an overview of conversational factors such as speaking 

style and speech rate, as well as speaker and listener related constraints. 

 

 

1.2.2.1. Speaking style 

 

A growing body of research has explored how conversational setting and speaking 

style influence the degree of reduction in speech. Rather than being fixed properties of a 

language, reduction patterns appear to vary significantly depending on the 

communicative context. Speaking style encompasses various aspects of articulation, 

including speech rate, precision, and formality, all of which shape how speakers produce 

linguistic units. In casual and informal settings, where communicative efficiency, 

processing ease,  and speaker comfort are prioritized, speech is often more reduced 

compared to formal contexts (van de Ven et al., 2012). Reduction in casual speech is 

driven by a combination of articulatory economy, predictability, and interactive 

dynamics, which allow speakers to rely more on contextual cues rather than precise 

articulation. 

 

 In contrast to casual speech, formal contexts often demand clearer articulation, leading 

to reduced instances of coarticulation and deletion. Speakers aim for greater 

intelligibility, often adhering more closely to pronunciation norms and employing 

hyperarticulated speech (Lindblom, 1990). Clear and careful speech, which is typically 

associated with formal speaking styles or situations requiring enhanced intelligibility, is 

characterized by: 
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(1) Larger vowel space and increased vowel duration (Bradlow, 2002), reflecting 

enhanced articulatory effort. 

 

(2)  Increased intensity and slower speech rate (Picheny et al., 1986), allowing for more 

precise production of phonetic segments. 

 

(3) Enhanced segmental contrasts (Smiljanić & Bradlow, 2005), which reduce the 

likelihood of confusion between similar sounds. 

 

These phonetic adjustments serve to optimize comprehension, particularly in 

communicative situations where speech clarity is essential, such as when speaking to 

non-native listeners or in noisy environments. 

 

On the other hand, casual speech typically involves less precise articulations than 

formal speech. The more relaxed articulation observed in informal contexts leads to 

shorter segment durations, greater gestural overlap, and a higher frequency of reduced 

word forms. Ernestus and colleagues (Ernestus et al., 2015)  showed that the duration of 

schwa prefixes and word-final /t/ in Dutch past participles is affected by phonetic 

variables, indicating a gradient process of reduction in informal speech. Similarly, 

Johnson (2004) found that casual speech leads to phoneme deletion, particularly in high-

frequency function words and morphologically predictable structures. 

 

Further supporting the distinction between speech styles, studies comparing 

journalistic speech and spontaneous conversations highlight the greater reduction 

observed in the latter. Unlike read speech, journalistic speech constitutes a distinct 

speaking style that retains a relatively high level of articulation, marked by a moderate 

speech rate and fewer hesitations or fragmented words (Vaissière, 1997). While some 

degree of reduction is observed even in journalistic speech, such as vowel shortening, it 

remains less extensive than in fully spontaneous interactions. Importantly, research 

suggests that in spontaneous speech, reduction increases beyond what can be attributed 

solely to phoneme duration or speech rate. This indicates that additional linguistic and 

cognitive factors play a role in shaping reduction patterns in natural, unplanned 

discourse. 
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Beyond articulatory constraints, social and interactional factors play a crucial role in 

determining the degree of reduction. According to Bell’s (1984) audience design theory, 

speakers actively adjust their speech to accommodate their listeners, modifying features 

such as formality, articulation, and phonetic detail based on the perceived needs and 

identities of their interlocutors. This social adaptation can lead to greater reduction in 

casual or informal settings, where mutual understanding is presumed and 

communicative efficiency is prioritized over articulatory precision. In such contexts, 

reduced forms may signal familiarity, solidarity, or shared knowledge, whereas in more 

formal or unfamiliar settings, clearer and less reduced speech may be used to ensure 

intelligibility and social appropriateness. 

 

Tucker and Ernestus (2016) have emphasized the need for more extensive research on 

casual speech, arguing that linguistic insights based solely on careful speech may be 

incomplete. Without investigating spontaneous, informal speech, researchers may fail to 

capture essential aspects of real-world language processing and production. 

 

 

1.2.2.2. Speech rate 

 

Speech rate, or tempo, is widely recognized as an important factor influencing 

phonetic variation in conversational speech, and it has been frequently examined in 

relation to speech reduction. Numerous studies have explored the idea that as speakers 

accelerate their speech rate, articulatory gestures tend to become compressed and 

simplified, potentially leading to more pronounced reduction effects (Moon & Lindblom, 

1994). This acceleration might increase temporal constraints on speech production, often 

resulting in omission, weakening, or modification of sounds. 

 

At faster speech rates, the articulatory gestures required to produce individual speech 

sounds are executed more rapidly, sometimes at the expense of clarity and precision. One 

common consequence of this is segmental elision, where certain phonetic elements are 

omitted entirely (Duez, 1995). Another consequence of increased speech rate is 

articulatory undershoot, where the articulators fail to reach their intended targets 

(Lindblom, 1963), leading to a centralization of vowel contrasts, reduced consonantal 
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gestures, and an overall blurring of phonetic boundaries. Additionally, at high tempos, 

speech segments frequently overlap, leading to increased coarticulation and assimilation 

effects, where sounds become more similar to adjacent segments or are entirely deleted 

due to gestural blending (Byrd & Tan, 1996). 

 

Beyond phonetic reduction, speech rate also shapes listeners’ perception of spoken 

language. Dilley and Pitt (Dilley & Pitt, 2010) demonstrated that contextual speech rate 

can influence lexical perception, showing that slowing the rate of surrounding speech can 

cause function words to be perceived as missing, while faster rates can create perceptual 

illusions of words that were never actually spoken. Similarly, Jacewicz and colleagues 

(Jacewicz et al., 2009) investigated variation in speech tempo among American English 

speakers and found that, although individuals tend to have characteristic speaking rates, 

some consistently speak in faster, more compressed phrases. This suggests that speech 

rate is deeply intertwined with both individual speaking style and regional dialect 

variation. 

 

While many studies emphasize the connection between increased speech rate and 

greater phonetic reduction, Van Son and Pols (R. J. J. H. van Son & Pols, 1999) challenged 

this assumption, arguing that high speech rates do not necessarily lead to reduced 

articulation. Their acoustic study of Dutch speech demonstrated that speakers are capable 

of maintaining clear, fully articulated speech even at high tempos, suggesting that 

reduction is not an automatic consequence of faster speech but rather a controlled, 

language-specific adaptation that depends on communicative intent, linguistic structure, 

and contextual demands. This perspective aligns with models of hyper- and hypo-

articulation (Lindblom, 1990), which propose that speakers dynamically adjust their 

articulation based on listener needs, environmental conditions, and cognitive load. 

 

Further cross-linguistic research supports the idea that reduction patterns are not 

solely governed by tempo but also by language-specific phonetic constraints and stylistic 

norms. Torreira and Ernestus (Torreira & Ernestus, 2012), for example, examined the 

weakening of intervocalic /s/ in spontaneous Spanish speech and found that while higher 

speech rates correlated with increased reduction, the extent of weakening varied based 

on prosodic position and lexical frequency, highlighting the interplay between speech 

rate, phonological structure, and reduction processes. 
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These findings raise an important question: is it the act of accelerating speech that 

triggers reduction, or are some speakers inherently more prone to reducing due to their 

naturally faster speaking styles? In other words, is reduction a universal response to 

increased rate, or do individual speaking styles mediate this effect? This question points 

to the need to consider speaker-specific and listener-related constraints in the study of 

reduction, factors that go beyond general linguistic or conversational patterns and 

involve individual variability in both speech production and perception. 

 

 

1.2.3. Speaker and listener related constraints 
 

While linguistic, conversational, and cognitive factors provide a broad framework for 

understanding speech reduction, it is essential to recognize that individual variability 

also plays a crucial role in shaping reduction patterns. Speakers differ significantly in 

their articulation due to a range of factors, including anatomical, physiological, and 

sociolinguistic influences. Similarly, listeners' perceptual abilities and expectations also 

impact how reduced speech is processed and understood. 

 

One of the primary sources of variation in speech reduction is speaker identity, which 

encompasses characteristics such as age, gender, dialect, and speaking style. These 

speaker-specific characteristics, also called indexical properties (Clopper, 2004; Pisoni, 

1993) might affect both baseline articulatory patterns and the degree of  reduction. 

Research has shown that individuals exhibit distinct speech tempos and reduction 

tendencies based on these properties. Jacewicz, Fox, and Wei (Jacewicz et al., 2009) 

examined speech tempo in American English and found significant variation across 

different dialects and genders. They reported that women generally speak faster than 

men, a finding that has implications for speech reduction, as faster speech rates were 

found to correlate with increased phonetic reduction (Byrd & Tan, 1996). 

 

Another relevant dimension in the study of speech reduction is anatomical differences 

between speakers. While physiological differences such as vocal tract length do not 

directly explain reduction mechanisms, they do shape the acoustic profile of speech 

sounds (Fuchs et al., 2008), influencing features like vowel space size and formant 
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patterns. These variations contribute to speaker-specific phonetic signatures that listeners 

learn to accommodate in perception. Rather than driving reduction processes themselves, 

anatomical differences highlight the need to account for individual variability when 

analyzing reduction patterns in spontaneous speech. 

 

Beyond anatomical differences, paralinguistic factors, such as emotional state and 

cognitive load, also influence reduction. Polzin and Waibel (1998) demonstrated that 

emotions such as joy, anger, or sorrow modulate articulatory precision and speech clarity. 

For instance, angry speech often exhibits hyper-articulation and expanded vowel spaces, 

whereas casual or tired speech tends to be more reduced and less precise. 

 

Environmental conditions can further shape speech production. The Lombard effect 

(Lombard, 1911; (Lau, 2008) describes how speakers instinctively modify their speech in 

response to background noise. Under noisy conditions, speakers increase their vocal 

intensity, slow their speech rate, and enhance articulatory clarity, thereby reducing 

phonetic reduction (Van Summers et al., 1988). This adaptive mechanism highlights how 

reduction is not merely an automatic consequence of speech tempo but is context-

sensitive and listener-oriented (Smiljanić & Bradlow, 2009). 

 

Just as speakers vary in their degree of reduction, listeners also differ in their ability to 

perceive and interpret reduced speech. Listeners develop speaker-specific expectations, 

adjusting their perception based on a speaker’s typical phonetic patterns (Goldinger, 

1996). Research suggests that experienced listeners are often able to restore reduced 

segments through top-down processing, using lexical and contextual cues to reconstruct 

missing phonetic material (Ernestus et al., 2002). 

 

Listener adaptation is also shaped by linguistic background. Native and non-native 

listeners process reduced speech differently, with non-native speakers struggling more 

with heavily reduced forms (Broersma & Cutler, 2011). In highly reduced speech, native 

listeners rely on prosodic and syntactic cues to resolve ambiguity, while non-native 

listeners may experience greater difficulty due to differences in phonetic cue weighting 

(Mitterer & Ernestus, 2008).  
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A developmental perspective further reveals how reduction is shaped by the dynamic 

interaction between speaker abilities and listener needs. Children, in particular, represent 

a case where both production skills and perceptual systems are in flux, offering insight 

into how reduction patterns emerge and stabilize through communicative experience. 

 

A particularly illustrative case of speaker-listener interaction in reduction behavior can 

be found in children. As both novice speakers and developing listeners, children exhibit 

distinct and evolving patterns of phonetic reduction shaped by motor control limitations, 

growing linguistic knowledge, and communicative awareness. Early child speech often 

simplifies complex articulatory gestures through processes such as cluster reduction and 

vowel centralization, but these reductions are developmentally constrained rather than 

communicatively optimized (Fikkert, 2006; Vihman et al., 1985). Kinematic and acoustic 

studies show that children over four years of age exhibit greater variability in producing 

unstressed syllables than stressed ones, suggesting that effective reduction of weak 

syllables demands fine motor control not yet fully developed at this stage (Ballard et al., 

2012; Goffman, 1999). In fact, children tend to produce relatively longer and larger-

amplitude articulatory movements, especially in unstresses positions, compared to 

adults (Green et al., 2000).  

 

Importantly, reduction in child speech is not only motorically constrained but also 

shaped by listener awareness and prosodic structure. Function words, often reduced in 

adult speech, might remain relatively unreduced in child productions. Research has 

shown that children do not differentiate unstressed syllables based on morphosyntactic 

status (e.g., function vs. lexical syllables) to the same extent as adults, limiting their ability 

to form adult-like prosodic words (Goffman, 2004). Overall, reduction in speech offers a 

unique lens into the intersection of motor, linguistic, and listener-oriented development. 

The delayed and variable emergence of adult-like reduction patterns, especially in 

semantically light elements such as function words or determiners, suggests that children 

must not only acquire the articulatory skills necessary for temporal compression but also 

the pragmatic and semantic cues that inform which elements can be safely reduced 

without compromising communicative clarity. This dual dependency highlights 

reduction as a fundamentally communicative phenomenon, modulated by both 

production capacity and the need to be understood. 
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Given the wide range of factors that influence speech reduction —spanning individual 

speaker characteristics, environmental conditions, and listener expectations, it becomes 

crucial to develop effective methods for detecting and analyzing these reductions. The 

variability introduced by speaker-specific traits, cognitive and emotional states, and 

conversational context means that reductions can manifest in diverse ways, from subtle 

vowel centralization to complete phoneme deletion. Accurately identifying these 

reductions requires a combination of acoustic, articulatory, and perceptual analysis 

techniques, as well as computational approaches that account for speaker- and context-

dependent variability.  

 

The following section explores the methodologies used to detect speech reductions, 

examining both traditional phonetic analyses and modern machine learning techniques 

that enable a more precise and automated identification of reduced speech forms. 

 

 

1.3. Detecting reductions 
 

The study of speech reduction presents significant methodological challenges, 

particularly at the word and multi-word levels. Traditional approaches have relied on 

manual annotation, where trained phoneticians listen to recordings and transcribe 

reductions based on auditory perception. However, this process is extremely time-

consuming and prone to biases; listeners may fail to detect certain reductions, especially 

when they involve subtle phonetic modifications rather than categorical segment 

deletions. Furthermore, perceptual salience does not always align with actual acoustic 

reduction, leading to inconsistencies in manual transcriptions (Ernestus & Warner, 2011). 

 

To address these limitations, Automatic Speech Recognition (ASR) and forced 

alignment techniques have emerged as valuable tools for detecting speech reduction 

patterns at scale (e.g., Adda-Decker & Snoeren, 2011). Early ASR research struggled with 

the high variability in word pronunciations, which significantly impacted system 

accuracy, as canonical dictionaries often failed to account for frequent reductions in 

spontaneous speech (Strik & Cucchiarini, 1999). As a result, much of the early ASR work 

on reduction was concerned with variation at the segmental level. As ASR technology 



51 
 

has evolved, new strategies have been introduced to better model reduction, including 

the integration of reduced word variants into pronunciation dictionaries. 

 

While early ASR models primarily accounted for segmental reduction, more recent 

systems have attempted to model word and multi-word reduction by expanding 

pronunciation dictionaries. One strategy is the inclusion of multiword units, which are 

frequently co-occurring sequences that tend to be pronounced as a single, reduced unit 

(Strik, Elffers, Bavcar, & Cucchiarini, 2006). For example, going back to the previous 

example in French, the phrase je ne sais pas (I don’t know) and its reduced forms such as 

[ʃepa] or [ʃpa] can be integrated into pronunciation dictionaries to improve recognition 

accuracy. However, ASR systems still face difficulties when dealing with less frequent 

multi-word reductions or context-dependent reduction patterns, particularly when no 

specific acoustic models have been trained to recognize them. 

 

A particularly well-documented case of such reduction involves the omission of schwa 

in casual speech. Adda-Decker and Snoeren (2011) reported that approximately 5% of 

ASR errors could be attributed to the unpredictable appearance or disappearance of 

schwa, leading to frequent mismatches between actual spoken forms and the predictions 

made by acoustic word models. Similarly, ASR misrecognition of reduced forms can 

occur when homophonic or near-homophonic sequences emerge due to reduction. For 

instance, the French phrase quai de Seine [kɛdəsɛn] ("bank of the Seine") can be 

misrecognized as quête saine [kɛtsɛn] ("healthy quest"), due to a combination of schwa 

deletion, regressive voice assimilation, and segmental merging —common processes in 

casual speech (Snoeren et al., 2006).  

 

Beyond ASR transcription errors, forced alignment methods provide a more 

systematic, bottom-up approach to detecting speech reduction. Forced alignment tools 

automatically map phonetic transcriptions onto acoustic signals, revealing regions where 

speech deviates from canonical forms (Adda-Decker & Lamel, 1999). This method has 

proven particularly useful for quantifying vowel reduction and duration trends (Adda-

Decker, Gendrot, & Nguyen, 2008). Adda-Decker and Snoeren (2011) then extended this 

technique to effectively quantify speech reduction in large spoken corpora across various 

speech styles, from broadcast news to telephone and face-to-face conversations.  
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Forced alignment techniques rely on canonical pronunciation dictionaries to compare 

expected and actual realizations of speech. When words or segments are heavily reduced 

or deleted, the forced alignment system struggles to fit the canonical form onto the 

acoustic signal. This results in anomalously short segment durations, which serve as a 

quantitative indicator of reduction. For example, in the phrase student athletes, if the 

unstressed syllable -dent is reduced, the alignment system will assign very short segment 

durations to that region, reflecting its weakened or omitted articulation (Adda-Decker & 

Lamel, 2017). This approach has been successfully used to analyze reduction in both 

English and French. 

 

By leveraging large speech corpora, forced alignment enables researchers to 

systematically track reduction patterns across different speech styles, ranging from 

broadcast news to casual conversation (Adda-Decker & Snoeren, 2011). Studies have 

demonstrated that higher proportions of short segments correlate with greater degrees 

of temporal reduction, providing a quantitative measure of speech compression 

(Schuppler et al., 2008). 

 

Despite these advancements, ASR systems still struggle with reduction in spontaneous 

speech, particularly in casual and conversational registers, where pronunciation 

variability is greatest. Previous studies have reported that ASR word error rates range 

from 10% in journalistic speech to over 15% in casual telephone speech, even when 

trained on large corpora (Prasad et al., 2005). Reduction-related errors account for a 

significant portion of ASR misrecognitions, particularly in cases of homophone 

substitutions, extreme vowel weakening, and segment deletion (Vasilescu et al., 2009). 

 

To mitigate these issues, ASR systems have introduced frequent reduction forms such 

as wanna, dunno, and gonna as separate dictionary entries (Binnenpoorte et al., 2005; Strik 

& Cucchiarini, 1999). However, this approach is inherently limited—it requires pre-

specifying reduced forms, which fails to account for highly variable and context-

dependent reductions. In contrast, forced alignment provides a more data-driven 

approach, enabling researchers to detect new and unpredictable reduction patterns by 

analyzing deviation patterns in phonetic segment durations (Adda-Decker & Snoeren, 

2011). 
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In sum, while manual transcription has played a foundational role in documenting 

speech reduction, its limitations in scalability and perceptual bias have led to increasing 

reliance on ASR-based methods. The integration of pronunciation dictionaries in ASR has 

helped model word and multi-word reduction, though challenges remain in handling 

spontaneous, context-sensitive reduction patterns. Forced alignment methods offered a 

promising alternative, allowing researchers to automatically detect reduction patterns by 

identifying mismatches between expected and actual segment durations although the 

need for novel and complementary methods is clear. Building on existing methods for 

identifying reductions, the following section will outline the aims and the scope of this 

dissertation, situating them within the context of the current state of the art before 

introducing a novel bottom-up approach for detecting reduced zones in the speech flow. 
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1.4. Aims and scope of the thesis 
 

This dissertation aims to explore reductions in spontaneous dyadic conversations by 

establishing a distinction between two types of reductions. The primary objective is to 

gain a deeper understanding of the mechanisms underlying reduction in casual speech. 

To achieve this, it is essential to analyze a sufficiently large speech dataset that provides 

a natural and familiar context for speakers, allowing reductions to occur spontaneously 

and reflecting their everyday language use. 

 

 Much of the existing research, as discussed in the previous section, has primarily 

focused on either segmental level reductions or perceptible reduced variants. 

Consequently, frequently occurring reduction forms have been examined in greater 

depth, perhaps to the extent that they are overrepresented in reduction studies. However, 

these forms represent only a fraction of the phenomenon. In connected speech, numerous 

reductions go unnoticed because they do not correspond to stored reduced variants in 

speakers’ mental lexicons. This dissertation seeks to broaden the scope of reduction 

research by introducing a complementary type of reduction—one that encompasses more 

subtle, temporally compressed speech segments. Establishing this distinction is crucial, 

as it necessitates methodological advancements that move beyond traditional manual 

detection methods, which rely heavily on listeners' perceptual biases. Instead, this 

research takes a bottom-up approach, working directly with speech data to capture and 

characterize multi-word reductions in a more objective manner. This approach will 

provide empirical justification for distinguishing between the two proposed types of 

reduction. 

 

The dissertation is structured as follows: 

 

Chapter 2: Methodology - How are various reduction phenomena captured? 

This chapter outlines the methodological framework used to identify reductions 

within conversational corpora. The chapter begins with a detailed presentation of the two 

corpora selected for analysis, highlighting their relevance and structure. Following this, 

two complementary detection approaches are introduced. The first is a top-down manual 
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procedure, used to identify reductions based on a set of perceptible forms. The second is 

a bottom-up automated method, which targets temporally compressed zones in speech 

by applying predefined temporal and phonemic parameters, serving as indicators of 

potential reduction zones. Together, these approaches form a robust foundation for the 

extraction of reduced speech examples, which are further examined in the subsequent 

chapters of the dissertation. 

 

 

Chapter 3: Can we distinguish different types of reductions in casual speech, and 

what factors influence their production? 

 This chapter is dedicated to establishing a conceptual distinction between different 

types of reduction in casual speech, addressing the limitations of existing methods, which 

primarily capture frequent, regularized forms. In addition to proposing a distinction 

between these and more subtle reductions, this chapter introduces a novel detection 

approach based on temporal parameters. By comparing manually identified lexicalized 

reductions with automatically detected temporally reduced zones, corresponding to non-

lexicalized reductions, this chapter examines key factors influencing reduction 

production, including articulation rate, morpho-syntactic categories, and phoneme 

characteristics. This analysis provides a comparison of the two reduction types, offering 

a more nuanced understanding of their occurrence in spontaneous speech. 

 

 

Chapter 4: To what extent do articulatory and phonetic factors such as vowel space 

size, vowel distinctiveness, and articulation rate account for the production of non-

lexicalized reductions? 

 This chapter explores the relationship between vowel space characteristics, 

articulation rate and the production of non-lexicalized reductions. Building on Chapter 

3’s findings on speaker variability in reduction performance, this chapter investigates 

whether these differences stem from articulatory and phonetic factors; more specifically, 

vowel space size, vowel distinctiveness, and articulation rate. Vowel space reflects the 

range of tongue movements in speech production, while vowel distinctiveness measures 

how clearly vowels are acoustically separated. The central hypothesis is that speakers 

with a smaller vowel space and lower vowel distinctiveness, indicating a more compact 

and less differentiated articulation, would be more prone to producing reductions. By 
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linking reduction patterns to vowel space characteristics, this chapter provides insights 

into whether non-lexicalized reductions result from articulatory constraints or other 

linguistic and conversational factors, offering deeper insight into inter-speaker variability 

in spontaneous speech. 

 

 

Chapter 5: How does prosodic structure, particularly the position in the prosodic 

hierarchy influence the occurrence and distribution of non-lexicalized reductions? 

This chapter focuses on the role of prosody in reduction. Building on previous 

research, which has linked reductions to their position within the prosodic hierarchy, this 

chapter examines whether phonetic reductions occur more frequently in prosodically 

weak positions. Using the bottom-up approach mentioned in Chapters 2 and 3, this 

chapter aims to provide a more comprehensive perspective on the distribution of 

reductions within prosodic domains by taking into account the influence of prosodic 

phrase length. 

 

 

Chapter 6: How do children produce lexicalized and non-lexicalized reductions, and 

what does this reveal about the acquisition of the linguistic and interactive skills 

involved in speech reduction? 

This chapter extends the investigation into children's interactions, offering a 

developmental perspective on reduction mechanisms. By examining reductions in child 

speech, this chapter aims to demonstrate that reductions are complex linguistic and 

conversational skills requiring not only articulatory control but also advanced linguistic 

and interactive competencies. As reduction is considered a multifaceted skill dependent 

on various factors, this chapter analyzes the occurrences of both lexicalized and non-

lexicalized reductions within a children’s corpus (ages 7 to 11) to determine at what stage 

of development they occur more prevalently. The findings will shed light on how 

children progressively acquire the ability to navigate reductions, balancing efficiency 

with communicative clarity in their developing speech.  
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By establishing a more nuanced framework for understanding speech reductions, this 

dissertation aims to contribute to a more comprehensive view of phonetic variability in 

spontaneous speech, ultimately enriching our understanding of spoken language 

processing and production. 
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Chapter 2- General Methodology 

This chapter presents a detailed account of the methodological framework developed 

to identify zones of reduced speech in spontaneous conversational data. The approach 

combines both top-down and bottom-up methods with the goal of assembling a sufficient 

and representative dataset of reduction instances. We begin by presenting the two 

conversational corpora that serve as the basis for this dissertation. Key details are 

provided regarding their structure, levels of linguistic annotation, and overall relevance 

for the detection of reductions. This section aims to establish the suitability of the data for 

investigating reduction in ecologically valid, interactional contexts.  

 

The second part of the chapter is dedicated to the detection methods themselves. It is 

structured in two main sections. The first details the top-down approach, explaining its 

theoretical motivation, implementation steps and inherent limitations. The second 

section introduces the bottom-up approach, designed to capture reduction patterns that 

may fall outside the scope of a purely top-down strategy. 

 

Together, these complementary approaches provide a robust methodological basis for 

identifying reduced forms in conversational speech. While the bottom-up detections are 

not exhaustive, they offer valuable access to reduction patterns that might otherwise go 

unnoticed. The data extracted through these methods serves as the foundation for the 

analyses presented in the following chapters. 

 

 

2.1. Speech corpora 
 

A well-established finding in phonetic and sociolinguistic research is that reductions 

are more frequent in informal, spontaneous speech than in read or scripted speech 

(Ernestus & Warner, 2011; Johnson, 2004; Nakamura et al., 2008). Casual speech contexts 

often involve faster speaking rates, less articulatory precision, and greater reliance on 

shared knowledge between interlocutors, all of which contribute to the likelihood and 
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extent of phonetic reduction. Consequently, the selection of a corpus composed of 

naturally occurring, informal conversations is essential for capturing reduction 

phenomena as they occur in ecologically valid communicative settings. Such data allows 

for the observation of reduction patterns in their most frequent and varied forms, thereby 

maximizing the number and diversity of analyzable instances. 

 

In line with this, the present dissertation focuses primarily on adult speakers’ 

production of reductions in spontaneous interactions, with the aim of quantifying and 

characterizing reductions in a naturalistic speech environment. In addition, a secondary 

objective is to examine how children produce reduced forms in comparable 

conversational contexts, which may shed light on the acquisition and development of 

reduction patterns in spoken language. 

 

To address these goals, two corpora were selected, each designed to represent 

spontaneous, informal dialogue within one of the two speaker groups (i.e., adults and 

children). The next section will present the details of these two corpora. 

 

 

 

2.1.1. Corpus of Interactional Data (CID) 
 

The Corpus of Interactional Data (CID) (Bertrand et al., 2006, 2008; Blache et al., 2017) 

is a French audio-visual corpus designed to elicit a wide range of linguistics phenomena 

in spontaneous conversational settings. It consists of eight dyadic interactions between 

same-sex colleagues, totaling eight hours of dialogue. All interactions were recorded in a 

sound-proof booth using high-quality audio and video equipment to ensure clear signal 

capture. This setup is particularly important for analyzing subtle and often phenomena 

such as vocal feedback, turn-taking, and speech overlap. 

  

The 16 participants (10 women and 6 men) are native speakers of French, primarily 

from southern France. Crucially, the interlocutors were chosen based on pre-existing 

familiarity, as they were colleagues with established social relationships. This familiarity 

was intended to support natural, fluid interactions and to allow speakers to engage 
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spontaneously and comfortably, minimizing the artificial constraints often introduced by 

experimental tasks.  

  

Two thematic prompts were used to initiate conversation: one focused on professional 

conflicts, the other on unusual and unexpected personal experiences. These themes 

served only as starting points to help participants enter conversation. Importantly, 

speakers were explicitly told they could diverge from the prompts at any time. This 

design choice aims to preserve conversational authenticity and encourage the emergence 

of naturalistic linguistic features. 

 

Consisting of a total of 127.713 tokens and 297.703 phonemes produced by the 16 

speakers, the CID corpus also includes rich, multi-level and multi-modal annotations 

covering phonetic, prosodic, syntactic and gestural dimensions of speech among others. 

These detailed annotations enable comprehensive analyses of interactional dynamics and 

speech production and will be used for the studies mentioned in the following chapters. 

The corpus is publicly available through the Ortolang repository1.  

 

 

 

2.1.2. Child Interpersonal Communication Analysis 

Dataset (CHICA) 
 

The Child Interpersonal Communication Analysis (CHICA) corpus (Goumri et al., 

2024) was developed to address the underrepresentation of spoken language data from 

middle-childhood (6-12 years) in existing corpora. While most linguistic research has 

concentrated on early childhood or adult populations, middle-childhood remains 

relatively unexplored. CHICA aims to fill this gap by providing ecologically valid data 

for studying the development of linguistic and conversational skills in children aged 7 to 

11. 

 

The current version of the dataset includes recordings of 15 children interacting with 

one of their caregivers. These interactions were recorded in the children’s homes to 

 
1 https://www.ortolang.fr/market/corpora/sldr000027/v2.1 
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preserve the natural dynamics of everyday conversation. Unlike laboratory settings, 

which can feel artificial to children and negatively impact the spontaneity of interactions, 

recording in familiar environments supports more fluid and authentic communication. 

This approach aligns with findings in interactional linguistics, emphasizing the context-

sensitivity of social and linguistic behavior (Dideriksen et al., 2023).  

 

Participants are grouped by age into three cohorts: 7, 9, and 11 years old. Each dyad 

participated in two types of sessions: (i) a remote conversation via Zoom video call and 

(ii) a face-to-face interaction recorded using eye-tracking equipment. During both 

sessions, dyads engaged in a loosely structured word guessing game. One participant 

would think of a word while the other tried to guess it, with both participants free to ask 

or offer hints. After a successful guess, roles were reversed. Parents were encouraged to 

end the session after 10–15 minutes, ensuring a roughly equal number of guessed words 

for each participant to maintain conversational balance. 

 

For the purposes of this dissertation, we focus exclusively on Zoom video call sessions, 

as these recordings offer separate audio tracks for each speaker. This technical feature 

significantly enhances transcription accuracy, phoneme alignment, and subsequent 

analyses. Initial transcriptions were generated automatically using WhisperX (Bain et al., 

2023), an enhanced version of the Whisper speech recognition model. WhisperX provides 

word-level timestamps through forced alignment. Additional multi-modal annotations 

were performed on the corpus, specifically for nonverbal behaviors such as gaze and 

head nods. To prepare the data for reduction analysis, additional manual corrections 

were applied to the WhisperX outputs. These included restoring disfluencies, repetitions, 

laughter, and short utterances such as feedback signals, all of which are crucial for 

accurate phonetic alignment and reduction analysis. Following these corrections, forced 

alignment was performed using SPPAS (Bigi, 2015) to ensure consistency with the 

phonetic annotations of the CID.  

 

Finally, our study narrows its focus to two age groups, 7-year-olds and 11-year-olds, 

to explore how reduction mechanisms vary across developmental stages, specifically 

between younger and older children (and their caregivers) within the corpus. This age-

grouping decision is grounded in developmentally sensitive theories of speech 

production, which emphasize that phonological and articulatory representations 
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undergo significant reorganization across childhood, with younger children relying more 

on holistic motor patterns and older children beginning to integrate perceptual and 

articulatory schemas in more adult-like ways (M. A. Redford, 2019a). By contrasting 7- 

and 11-year-olds, we aim to capture these developmental shifts and their impact on the 

production of reductions, which require flexible integration of motor and perceptual 

representations. This exploratory subset of the corpus consists of 16.768 tokens and 42,342 

phonemes produced by 20 participants: 5 children from the 7-year-old group (mean age 

= 7;3), 5 children from the 11-year-old group (mean age = 11;3), and their respective 

caregivers. 

 

 

 

Corpus Speaker Gender Duration Speaking 

Situation 

Token 

Count 

Phoneme 

Count 

CID 16 adults 10F/6M 8 hours spontaneous 127.713 297.703 

CHICA 10 children  

10 caregivers  

4F/6M 

5F/5M 

2.5 hours semi-

spontaneous 

16.768 42.342 

Table 1. Summary of corpus characteristics for the two corpora used in analyzing 

reductions: CID and CHICA. 
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2.2. Detecting Reductions 

 

2.2.1. Top-Down approach: detecting known 

reduction forms 
 

 

The most documented forms of reduction concern words or sequences of words used 

very frequently in everyday language. Their reduced forms can appear several times 

within the same interaction and might appear as different examples of the same 

lexicalized representation due to their frequent occurrence. A frequent example of such 

reductions is je sais (“I know”) in French, which is frequently produced as [ʃsə], [ʃə] or [ʃ] 

instead of [ʒə se] in various contexts (Figure 1 illustrates several examples of the sequence 

je sais produced by one speaker). The phonetic trace of the reduction is thus sometimes 

distant from this representation, and the examples form a heterogeneous set. These 

reductions are most often identifiable by listeners and transcribers who already have a 

perceptible representation of these forms due to their frequent occurrence in both 

perception and production.  

 

A top-down approach is most effective when clear mental representations of reduction 

forms already exist in speakers’ and annotators’ mental lexicon. This approach focuses 

on frequently used sequences in daily French conversations, where both speakers and 

listeners can recognize these frequent forms. The top-down extraction method consists of 

two steps described in the following sections. 
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Figure 1. The sequence "je sais" (I know) reduced as [ʃsə], [ʒs], and [ʃ] by the speaker BX from the 

Corpus of Interactional Data (Bertrand et al., 2008). 
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2.2.1.1. Item selection 

 

To gather reduced sequences using a top-down approach, we first compiled a list of 

commonly reduced sequences in French, as previously identified in the literature (Adda-

Decker & Snoeren, 2011; Wu & Adda-Decker, 2020). To refine our focus, we conducted 

an informal questionnaire with five native speakers (mean age: 23 years; four had prior 

academic training in linguistics, while one worked as a brand advertiser), asking them to 

identify the reductions they most frequently produced and perceived in daily 

conversations. From the responses, we selected the items that overlapped with those 

mentioned in the literature, resulting in a speaker-informed inventory of 13 frequently 

occurring items from different morpho-syntactic categories. The target items for the top-

down collection method are as follows: 

 

• Adverbs : alors (then), enfin (finally), puis (then), voilà (there), de toute façon 

(anyway), quand-même (anyway) 

 

• Pronoun + Verb combinations : je peux (I can), je sais (I know), je suis (I am), tu 

sais (you know) 

 

• Conjunctions : alors que (whereas), parce que (because), puisque (because) 

 

 

2.2.1.2.  Detecting and collecting reduced items within a corpus 

 

The collection of the aforementioned target items was conducted semi-automatically 

using Praat and the Corpus of Interactional Data (CID) (Bertrand et al., 2008), which 

comprises eight hours of dialogues between colleagues. A key advantage of this corpus 

is its detailed transcription and annotation across multiple linguistic and conversational 

levels, including phonetics, prosody, syntax, discourse, and gestures. Additionally, the 

corpus includes Enriched Orthographic Transcription (TOE) (Bertrand et al., 2008), which 

captures transcribers’ perceptions of pronunciation variants rather than solely providing 

canonical transcriptions. For instance, if a speaker produces tu sais (you know) in a 
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reduced form, the annotation includes both the canonical form (tu sais) and the reduced 

variant [tse] using brackets (Figure 2).  

 

Using the CID and its available annotations, the 13 target items were first identified 

within the token (words) tier to locate all occurrences. Each occurrence was then 

manually evaluated to determine whether it exhibited phonetic reduction. The TOE 

annotations provided useful insights into reduction patterns but were not entirely 

sufficient for identifying all reduced occurrences. In some cases, reductions were evident 

from the audio-visual signal but were not explicitly annotated in the TOE. Therefore, 

evaluations were conducted based on the audio-visual signal of speech, with reductions 

defined as instances where the produced sequence contained fewer segments compared 

to its canonical form.  

 

For the purpose of this study, an item was considered reduced based on the following 

two criteria: (i) segment deletion, as in [tse] instead of [tyse], and (ii) segment assimilation, 

as in [ʃe] instead of [ʒə se]. The latter occurs when the /ʒ/ sound in je and the /s/ sound in 

sais merge, with the /ʒ/ influencing the /s/ to produce a /ʃ/ sound.  

 

When a reduced item was identified, it was extracted along with its surrounding 

tokens to preserve the contextual information. Each instance was then annotated 

individually in a new TextGrid, with phonetic transcription corresponding to the 

observed pronunciation. Figure 2 illustrates an example of a target sequence ‘tu sais’ 

showing its representation in the token tier, its corresponding enriched orthographic 

transcription in the IPU tier, and the phonetic transcription derived from forced 

alignment in the phon tier. 
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Figure 2. An example of a detected target sequence, 'tu sais' and the annotations used for a 

manual reduction identification using audio-visual signal on Praat. 
 
 

Using this top-down approach, a total of 2566 reduced items were identified out of 

3634 target sequences produced by 16 speakers in the corpus, representing 71% of the 

total targets. These identified reductions will serve as the basis for the analyses presented 

in the subsequent chapters. 

 

It is important to acknowledge the limitations of the top-down method in identifying 

reductions. This approach is restricted to a relatively small subset of reduction forms, as 

it relies on the existence of stable mental representations of these forms in both speakers’ 

and listeners’ mental lexicons. While effective in capturing exemplar-based reductions, 

the detection process remains largely manual and thus time-consuming. Moreover, 

accurately determining whether a sequence is reduced requires a certain level of phonetic 

expertise, as reductions are often subtle and may not be immediately perceptible in the 

audio signal alone. Furthermore, given that not all reductions have fixed or widely shared 

representations across speakers, additional methods are necessary to identify less 

frequent and more irregular reduction patterns that may not be systematically stored as 

exemplars of a target item.  
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2.2.2. Bottom-Up approach: detecting extreme 

reduction zones 

 

As previously discussed, speech reduction is a complex and multi-faceted 

phenomenon that can manifest in diverse ways. The top-down approach, while effective 

in capturing frequently occurring and mentally represented reduction forms, is 

inherently limited in its scope. It is unable to systematically detect less conventional, 

highly compressed speech sequences that do not conform to established phonological 

patterns. To address this limitation, we introduce an automated bottom-up approach 

designed to detect extreme reduction zones within conversational speech.   

 

Given that human perception of phonetic variation is influenced by prior linguistic  

knowledge (Elman & Mcclelland, 1984), subtle reductions may go unnoticed in manual 

annotation. The proposed bottom-up method leverages computational processing to 

systematically identify reduced sequences, with a particular emphasis on detecting 

extended multi-word reduction zones rather than isolated segmental reductions. While 

previous temporality-based approaches have been used to detect speech reductions 

(Chapter 1, Detecting reductions), our method refines this approach by introducing a 

dedicated set of parameters aimed at capturing longer, highly compressed speech 

sequences. 

 

The primary objective of this approach is not to exhaustively catalog all possible 

reductions but rather to compile a sufficient dataset of extremely reduced sequences for 

further analysis. The obtained dataset will facilitate a deeper understanding of the 

mechanisms underlying speech reduction and the linguistic and conversational factors 

that influence the emergence of extreme reduction patterns.  

 

The identification of extreme reduction zones was conducted using a custom Python 

script employing a sliding window approach with a fixed duration of 230ms. The 

detection process operates as follows: 
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a. Input processing: The script reads the phonetic alignment file (only a 

specific format (.lbl extension) is accepted as input) and initializes the sliding 

window at the beginning of the file. 

b. Initial detection: The sliding window (230ms) begins at the first phone 

boundary of the alignment file.        

c. Phoneme count evaluation: If at least 6 phonemes are detected within the 

window, the sequence is marked as a potential reduction zone. 

d. Incremental expansion: The window advances by shifting its starting point 

to the next (second) segment. If the new window also contains at least 6 

phonemes, only the newly included segments are added to the previously 

saved sequence to prevent redundant detections. 

e. Termination condition: If a window contains fewer than six phonemes, the 

expansion process stops, and the detected sequence is finalized. 

f. Iteration: The sliding window continues progressing through the alignment 

file until the final segment is reached.       

g. Output: At the end of the process, the script provides a Textgrid file where 

the detected reduced sequences are indicated with their temporal 

information (start and end points, the duration etc.) in addition to a Text file 

where all of the detected sequences are found in a list. 

 

A step-by-step application of the detection script is illustrated in Figure 3. This method 

mainly aims to ensure the detection of extended reduction zones. The identified 

reduction sequences will be analyzed to determine their phonetic, prosodic, and 

conversational characteristics, in order to provide further insight into the nature of 

phonetic reduction in conversational speech.  

 

Following the development of the automated detection process, the accuracy of the 

output was assessed through manual evaluations based on the audio-visual speech 

signal. This step ensured that only correctly detected sequences were retained for further 

analysis. A sequence was classified as erroneous if the phonetic annotation did not align 

with the actual spoken segments. Most errors stemmed from misalignment issues such 

as inaccuracies in phoneme duration or positioning, or from inappropriate liaison 

insertions -where the aligner applied a liaison phoneme per French language 

conventions, even when the speaker omitted it during production.   
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Figure 3. A step-by-step representation of the bottom-up detection of reduced zones in speech. 

Using the 230ms and 6 phonemes configuration. In the end the sequence “tseZetZur” (tu sais j’ai 

toujours (you know I always had)) was saved as a reduction zone. The script stopped adding 

phonemes to the segments in the fourth window as they had been previously added. The 

sequence ends and the window continues to slide.  
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During this evaluation, a crucial factor emerged: the quality of the phonetic alignment 

used as input significantly influenced the script’s performance. To assess this impact, we 

evaluated the system using two versions of phonetic alignment provided in the CID 

dataset: v2 and v3. Both versions contain the same orthographic tokens and phonemes; 

however,  v3 includes phonetic alignments performed using SPPAS software (Bigi, 2015). 

In this version, additional manual corrections were applied to further enhance alignment 

accuracy, particularly in terms of phonetization, tokenization, and liaison adjustments. 

Our system demonstrated more robust detection performance when using v3 as input, 

likely due to its improved alignment accuracy.  

 

A total of 2144 sequences from 16 speakers were detected using the v2 phonetic 

annotations as input. Manual evaluation of these sequences revealed that 775 detections 

were erroneous, resulting in an error ratio of 36%. Table 2 details individual distributions 

of detection and error counts as well as the proportion of errors within individual 

detections. 

 

 

 
Table 2. Using the v2 and v3 of phonetic alignment, the number of potential reduction zones 

flagged by the system and the number of erroneous detections based on manual evaluations. 

Error ratio is calculated as the proportion of erroneous detections within the total detections. 

 

 



72 
 

To further assess system performance, we tested the script using v3 of the phonetic 

annotations available for the CID dataset. With v3, the system identified a total of 1212 

sequences as potential reduction zones. However, manual assessment indicated that 256 

of these detections were inaccurate in terms of temporal alignment and segment 

correspondence, leading to a lower error ratio of 21% despite detecting fewer reductions 

(see Table 2 for individual distributions of detections and error rates for v2 and v3).  

 

The improved accuracy with v3 suggests that more precise segmentation and better 

alignment lead to more reliable results. The higher number of detected reductions in v2, 

despite its higher error ratio, can be attributed to misaligned segment boundaries. When 

segment boundaries were not properly corrected, the system flagged extra short 

segments as reductions, even when they did not correspond to actual reduced 

productions in speech. In contrast, v3’s improved alignment led to a significant reduction 

in false positives and overall better performance.  

 

The selection of a 230ms window spanning 6 phonemes was a strategic compromise 

informed by both theoretical considerations and empirical testing. Our primary objective 

was to identify and analyze instances of extreme reductions in speech, where phonemes 

are realized with minimal temporal and articulatory cues. Given this, it was crucial to 

define a window that would be short enough to plausibly contain highly compressed 

sequences, yet not so short that it would drastically limit the number of analyzable cases. 

 

The 230ms / 6 phonemes configuration corresponds to an average segment duration of 

approximately 38.3ms per phoneme, which is considerably below average segment 

durations reported for standard French pronunciation (e.g., typically 50-80ms per 

segment, depending on the prosodic context and phoneme class) (Bartkova & Sorin, 

1987). Sequences falling within this window are therefore strong candidates for 

exhibiting phonetic reduction. However, we note that such averages do not imply 

uniform compression across all six phonemes. In some cases, the sequence may include 

only one or two extremely short segments, while the others remain closer to standard 

durations. Nonetheless, the overall compression serves as a useful indicator of potential 

zones of reduction. 
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To evaluate the trade-off between reduction sensitivity and data availability, we also 

tested two shorter window sizes: 180ms and 200ms, while keeping the phoneme count 

threshold constant at six. This choice was motivated by our interest in detecting longer 

reduction sequences that may span multiple words. These window sizes yield average 

phoneme durations of 30ms and 33.3ms, respectively, which indicate even more extreme 

cases of temporal compression. However, the number of sequences detected under these 

conditions was significantly lower: 95 sequences for 180ms and 429 sequences for 200ms, 

compared to 956 correctly detected sequences (out of a total of 1213 detections) for 230ms. 

Table 3 illustrates the number of detections for each set of configurations. 

 

Additionally, erroneous detections in extremely short windows occurred due to 

challenges in annotation and alignment. In the 180ms and 200ms conditions, the 

alignment quality comes forward as an even more important factor. The error ratios for 

these configurations were not calculated as we decided to use the detections obtained 

through 230ms window. Taken together, these considerations led us to adopt the 230ms 

/ 6-phoneme window as an effective balance, sensitive enough to identify meaningful 

cases of reduction while still ensuring data availability.  

 

 
SPEAKER 

(CID) 
180MS  

6 PHONEMES 
200 MS 

6 PHONEMES 
230MS 

6 PHONEMES 
AB 2 15 50 

AC 9 29 93 

AG 8 48 113 

AP 11 33 94 

BX 10 37 93 

CM 1 23 67 

EB 29 103 236 

IM 0 8 28 

LJ 0 18 63 

LL 1 1 8 

MB 7 25 71 

MG 6 25 76 

ML 7 26 83 

NH 3 14 50 

SR 0 8 27 

YM 1 16 61 

 
Table 3. The number of detected sequences using two alternative configurations for the 

detection.  
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Figure 4 illustrates an example of an output sequence detected using the bottom-up 

method. The script outputs the phonetic transcription and the temporal interval of the 

identified reduced sequence. To provide additional context, a second tier containing the 

token representation has been manually added. In this example, the detected sequence 

consists of six segments [spɥiko] within the 230ms window, corresponding to the larger 

phrase je pense puis comme (“I think since...”). The bolded letters indicate the segments 

found within the reduced sequence. 

 

Because the algorithm continuously adds segments as long as they meet the reduction 

parameters (230ms and 6 phonemes), it is capable of detecting reduction zones containing 

anywhere from six to even twenty phonemes, capturing instances of extreme phonetic 

reduction.  

 

 

 

 
Figure 4. An example from a sequence detected using the bottom-up method. The script only 

provides the phonetic transcription and the interval of the segments within the reduced sequence. 

The second tier containing the token was added to add context. The sequence consists of 6 

segments [spɥiko] that belong to the larger sequence “je pense puis comme” (I think since).  
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Figure 5 also presents another example of a reduced sequence detected by the system. 

In this case, the script identified a sequence containing 20 phonemes within a 639ms 

window. The detected sequence, [de ʒɑ̃ k ave dez‿ɛkspeɾj] is part of a larger phrase “des 

gens qui avaient des experiences” (People who had experiences). The bolded letters indicate 

the segments included in the reduced sequence. This example highlights the system’s 

ability to capture extended reduction zones, further demonstrating the variability and 

extent of phonetic reduction in casual speech.  

 

It is important to emphasize that the number of detected reduced sequences is highly 

sensitive to the configuration parameters applied in the detection script. Adjustments to 

factors such as window size, phoneme count, or temporal thresholds can substantially 

impact which sequences are identified. 

 

 
 

Figure 5. Another example from a sequence detected using the bottom-up method. The script 

only provides the phonetic transcription and the interval of the segments within the reduced 

sequence. The second tier containing the token was added to add context. The sequence consists 

of 20 segments [deʒɑ̃kavedezɛkspeɾj] that belong to the larger sequence “Des gens qui avaient 

des expériences...” (People who had experience). 
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Crucially, the reductions captured by this script do not necessarily reflect fixed or 

regularly recurring phonetic patterns. Instead, they often emerge as context-dependent 

adaptations to various communicative and prosodic constraints. Factors such as speech 

rate, position within the prosodic domains, prominence, or even speaker-specific 

articulatory strategies can all contribute to the occurrence and degree of reduction. As 

such, the script is particularly valuable for identifying reduction phenomena that are 

shaped by these dynamic features of speech.  This approach allows for an ecologically 

valid analysis of reduction, one that acknowledges the variability and fluidity in natural 

speech production, without only focusing on a set of more stable, repeatable reduction 

patterns. 

 

To identify the words involved in the detected reduced sequences, a custom R script 

was developed to extract all lexical tokens whose temporal boundaries fall within the 

intervals marked as reduced. The script takes two input files: (i) the manually corrected 

output file from the reduction detection process, which specifies the time intervals of 

reduced sequences, and (ii) the token-level (word-level) annotation file provided with the 

corpus. 

 

The script produces a .csv file listing each instance of reduction along with its 

corresponding start and end times, as well as the temporal boundaries of each word 

within that interval. In total, 2061 words were identified as occurring (even partially) 

within reduced sequences, representing approximately 3.3% of all words produced in the 

CID dataset. 

 

This extracted dataset forms the basis for subsequent analyses aimed at exploring the 

distribution of morpho-syntactic categories in reduced speech, along with other 

qualitative and quantitative investigations. The results of this word-level extraction2, as 

well as the results from the detection methods, are presented in Chapter 3. 

 

 
2 The extracted words and their corresponding counts are provided in the annex. 
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Chapter 3– Establishing reduction types: 

Lexicalized and Non-lexicalized 

reductions 

3.1. Introduction 

 
Reduction in spoken language is a multifaceted phenomenon that remains under-

explored in several of its less perceptible forms. This chapter aims to lay the groundwork 

for a more nuanced understanding of reduction by introducing a distinction between two 

forms of reduction we propose: lexicalized and non-lexicalized reductions. These 

categories are defined and contextualized to provide a clear conceptual framework for 

the chapters that follow. 

 

The impetus for this chapter arises from the observation that many reductions, 

particularly those that are subtle, difficult to identify, or occur across multi-word 

sequences, have received limited attention in literature as outlined in the Introduction 

and State of the Art sections. These forms might often evade detection by both human 

perception and traditional analytical methods. To address this gap, we adopt a dual-

method approach, combining a top-down, linguistically informed analysis with a 

bottom-up, data-driven detection system. This enables the identification of reductions 

that are not lexically encoded or phonetically canonical, thereby expanding the scope of 

investigation beyond the segmental or word level. We focus in particular on examining 

temporally reduced sequences, which are context-sensitive and gradient in nature, 

making them especially challenging to detect, and often impossible to identify using a 

top-down approach. By shifting the analytical lens from isolated, easily recognizable 

reductions to broader, multi-word units, we aim to capture a richer array of reduction 

phenomena that more accurately reflect spontaneous conversational speech. 
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As detailed in the Methodology section (2.2), reduction detection is not a one size fits 

all process. Different reduction types may require different analytical strategies, and 

various techniques are capable of capturing different dimensions of reduction 

phenomena. To substantiate the lexicalized vs. non-lexicalized reduction distinction, we 

examine reductions identified through both linguistically informed (top-down) analysis 

and automated (bottom-up) extraction. This is operationalized through a detection script, 

detailed in the Methodology section (2.2). 

 

 The central objective of this chapter is to introduce and define non-lexicalized 

reductions, while exploring the extent to which their occurrence is influenced by specific 

linguistic and conversational factors such as morpho-syntactic category, phonemic 

content, or speaker-specific traits like articulation rate. Our hypothesis posits that 

lexicalized reductions tend to be more frequent and stable across speakers, whereas non-

lexicalized reductions may be more variable and speaker-specific, reflecting idiosyncratic 

speech patterns.  

 

This study thus aims to contribute not only to a theoretical distinction but also 

methodological innovation. The classification of reductions into lexicalized and non-

lexicalized forms reflects their origins and discourse functions, while the computational 

tools developed provide a replicable framework for future research. The script, along 

with its extension for morphosyntactic feature extraction, offers a resource for 

investigating reduction across different languages and contexts. 

 

Finally, we consider whether the tendency to reduce is itself a speaker-specific trait, 

whether individuals who frequently produce lexicalized reductions are also more likely 

to exhibit non-lexicalized ones, or whether these tendencies operate independently due 

to distinct underlying mechanisms. Addressing this question necessitates moving 

beyond traditional units of analysis and toward an integrated view of reduction as a 

dynamic interaction of prosody, syntax, and discourse structure. 

 

The main study, based on the article Exploring the Nuances of Reduction in Conversational 

Speech; Lexicalized and Non-lexicalized Reductions (Bodur et al., 2025), presents a robust 

framework for detecting and classifying reductions. In addition to the article-based 

study, this chapter includes an exploratory analysis of three frequent discourse markers 
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(alors, enfin, and parce que). This complementary analysis investigates temporal reduction 

patterns and inter-speaker consistency to explore whether high-frequency leads to more 

stereotyped distribution of reduction forms. 

 

Together, these analyses argue for a more nuanced and speaker-sensitive account of 

reduction phenomena, with methodological innovations that can be applied across 

languages and corpora. 
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3.2. Article: Exploring the nuances of reduction 

in conversational speech: Lexicalized and 

non-lexicalized reductions  

 

 

 

 

 

This chapter is based on the following journal article: 

  

Bodur, K., Fredouille, C., Rauzy, S., & Meunier, C. (2025). Exploring the Nuances of 

Reduction in Conversational Speech: Lexicalized and Non-Lexicalized Reductions. In 

Speech Communication. doi: https://doi.org/10.1016/j.specom.2025.103268. 

 



Exploring the nuances of reduction in conversational speech: lexicalized 
and non-lexicalized reductions

Kübra Bodur a,* , Corinne Fredouille b, Stéphane Rauzy a, Christine Meunier a

a Aix-Marseille Université, LPL, CNRS, France
b Avignon Université, LIA, France

A R T I C L E  I N F O

Keywords:
Spontaneous speech
Phonetic reduction
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Variation
Speaker behavior

A B S T R A C T

In spoken language, a significant proportion of words are produced with missing or underspecified segments, a 
phenomenon known as reduction. In this study, we distinguish two types of reductions in spontaneous speech: 
lexicalized reductions, which are well-documented, regularly occurring forms driven primarily by lexical pro
cesses, and non-lexicalized reductions, which occur irregularly and lack consistent patterns or representations. 
The latter are inherently more difficult to detect, and existing methods struggle to capture their full range.

We introduce a novel bottom-up approach for detecting potential reductions in French conversational speech, 
complemented by a top-down method focused on detecting previously known reduced forms. Our bottom-up 
method targets sequences consisting of at least six phonemes produced within a 230 ms window, identifying 
temporally condensed segments, indicative of reduction.

Our findings reveal significant variability in reduction patterns across the corpus. Lexicalized reductions 
displayed relatively stable and consistent ratios, whereas non-lexicalized reductions varied substantially and 
were strongly influenced by speaker characteristics. Notably, gender had a significant effect on non-lexicalized 
reductions, with male speakers showing higher reduction ratios, while no such effect was observed for lexicalized 
reductions. The two reduction types were influenced differently by speaking time and articulation rate. A pos
itive correlation between lexicalized and non-lexicalized reduction ratios suggested speaker-specific tendencies.

Non-lexicalized reductions showed a higher prevalence of certain phonemes and word categories, whereas 
lexicalized reductions were more closely linked to morpho-syntactic roles. In a focused investigation of selected 
lexicalized items, we found that “tu sais” was more frequently reduced when functioning as a discourse marker 
than when used as a pronoun + verb construction. These results support the interpretation that lexicalized re
ductions are integrated into the mental lexicon, while non-lexicalized reductions are more context-dependent, 
further supporting the distinction between the two types of reductions.

1. Introduction

Spoken language is a fundamental means of human communication, 
enabling the exchange of information, ideas and the formation of social 
connections on a daily basis. Studying spoken language is of utmost 
importance for understanding human cognition and for developing 
technological tools that can effectively interact with humans. Despite 
the growing body of research on speech, the characteristics of speech in 
spontaneous conversations remain relatively underexplored due to their 
inherent complexity. Spontaneous speech often includes phenomena 
specific to casual dialogue, such as feedback signals, repetitions, 
incomplete utterances, and disfluencies (Prévot et al., 2022). A more 

comprehensive explanation of the intricate organization and dynamics 
of these features is essential to deepen our understanding of speech 
production, as they significantly influence the quality and properties of 
the resulting speech signal.

Variation in the speech signal is one of the intrinsic features of 
spoken language (Ernestus, 2000; Johnson, 2004; Meunier and Espesser, 
2011). This variation arises as a result of the continuous adaptation of 
speech to contextual and situational demands (Lindblom, 1990). 
Speaking in interaction involves permanent adjustments at various 
stages of speech production, including convergence between in
terlocutors (Pardo, 2013; Guardiola and Bertrand, 2013). The analysis of 
large corpora of spontaneous speech, coupled with the use of automated 
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tools for their exploration, has facilitated the identification of variation 
patterns such as reduction, an area that offers valuable insights into both 
language production processes and cognitive load. Reduction in con
versations has proven to be challenging to study, as its manifestation is 
influenced by interactions between various linguistic domains.

Speech reduction refers to the phenomenon in which linguistic units 
(e.g., phonemes, syllables, words) are realized with relatively less 
acoustic and phonetic substance (Clopper et al., 2018), often resulting in 
shorter durations and less precise articulation. Indeed, the productions 
of speakers in spontaneous conversations are typically less clearly arti
culated compared to formal or scripted contexts (Ernestus and Warner, 
2011). Phonetic segments may be weakened or even completely absent 
in some cases (Schuppler et al., 2011; Niebuhr and Kohler, 2011; 
Ernestus, 2014), yet interaction remains fluid between the interlocutors. 
In addition to absent segments, coalescence, where adjacent sounds 
merge into a single new sound, is also frequently encountered, compli
cating the identification of individual segments and suggesting that 
words in conversation are not always produced with clearly distinct 
segments. These reduced realizations can differ markedly from their 
counterparts in scripted speech (Prévot et al., 2022). Despite its preva
lence, the process and distribution of reduction in spontaneous con
versations remain insufficiently characterized, making it difficult to 
fully grasp how intelligible interaction is maintained when phonetic 
information is sparse.

Research has shown that speech reduction is influenced by a variety 
of linguistic and conversational factors. These include semantic and 
lexical predictability (Aylett and Turk, 2006; Clopper and Pierre
humbert, 2008; Turnbull, 2017), lexical frequency (with high frequency 
words being more prone to reduction) (Pluymaekers et al., 2005; Bybee 
et al., 2016), repetitive mention in discourse (Baker and Bradlow, 2009), 
speaking style (Gendrot et al., 2012), and the phonological properties of 
segments within reduced sequences (Pharao, 2010; Meunier and Bigi, 
2016). Some of these factors are closely related to the lexical structure of 
language. Individual speaker characteristics also contribute, including 
linguistic proficiency, speech rate, familiarity with conversational 
partners, cognitive load, and gender. Higher proficiency is often asso
ciated with increased use of reduced forms (Greenberg, 1999), and faster 
speech rates encourage articulatory efficiency and therefore more re
ductions (Lindblom, 1990; Fosler-Lussier and Morgan, 1999; Bürki et al., 
2011). Familiarity between speakers promotes the use of shared lin
guistic shortcuts (Fowler, 1988), and increased cognitive load tends to 
elevate reduction rates as speakers prioritize efficiency (Bell et al., 
2009). Gender has also been proposed as a potential factor, with some 
studies indicating that male speakers may exhibit higher rates of 
reduction (Byrd, 1994; Bell et al., 1999; Keune et al., 2005). However, 

other research has not found statistically significant gender differences 
(e.g., Binnenpoorte et al., 2005), suggesting that the relationship be
tween gender and reduction may be shaped by additional interacting 
variables.

Determining the factors that influence speech reduction is a complex 
endeavor but so is characterizing the various forms that reduction can 
take. In all languages, speakers are able to recognize certain reduced 
forms, indicating that these reductions are, to some extent, conscious. 
For example, the French phrase “je ne sais pas” (I don’t know), commonly 
produced as /ʃεpa/, also appears in its reduced graphical form “chais 
pas” in text messages. However, the analysis of spontaneous speech, 
particularly conversational speech, reveals the existence of far less 
regular and less perceptible reduction.

To better understand this phenomenon, we propose a distinction 
between two types of reductions found in casual speech, which we refer 
to as lexicalized and non-lexicalized reductions. Lexicalized reductions 
refer to commonly reduced forms or word sequences that have become 
stabilized through repeated use (Bodur et al., 2022). These forms are 
well documented in literature and are often easily identifiable by both 
listeners and transcribers, who typically have mental representations of 
these reductions (see Fig. 1). In fact, some lexicalized reductions are 
included in Automatic Speech Recognition (ASR) dictionaries alongside 
their canonical forms, allowing systems to recognize and transcribe 
them accurately. Such reductions occur frequently across conversations 
and speakers, and can be found in many languages. Examples from 
English and French, based on Ernestus & Warner (2011) include: 

• English: “a little” produced /ɔlə/; “yesterday” produced /jεʃei/
• French: “je sais pas” (I don’t know) produced /ʃεpa/; “c’était” (It 

was) produced /stε/

On the other hand, we have also observed a substantial number of 
reductions that do not conform to specific sequences and are hardly 
perceptible to listeners. We refer to these reductions as “non- lex
icalized” reductions as they lack regularity, reproducibility, or direct 
association with specific lexical units. These reductions are hypothe
sized to be influenced by, or to interact with, multiple layers of language 
and conversation, including prosody, syntax and the organization of 
interaction. They may span across several words (as shown in Fig. 2), 
occur only once, and affect any segment or word in the speech stream. 
Such characteristics contribute to the difficulty of their identification 
and collection for further analysis. For instance, Fig. 2 shows a tempo
rally reduced sequence, “qui avait amené” (who had brought) that does not 
involve particularly frequent words and appears to feature phonemic 
coalescence, where segments are merged. Non-lexicalized reductions 

Fig. 1. An example of a lexicalized reduction “je sais pas (/ʃεpa/, “I don’t know”)” (top), involved tokens (middle) and the IPU (bottom).
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have not been as extensively studied as lexicalized ones, largely because 
the underlying processes and governing principles remain largely un
known. This gives rise to two major challenges: first, developing 
appropriate methodologies to collect examples of non-lexicalized re
ductions, which are difficult to detect due to their subtle acoustic 
properties; and second, determining whether a given sequence is indeed 
reduced by analyzing its phonetic and acoustic features. Tackling these 
challenges will require innovative approaches that go beyond current 
methods, such as top-down strategies that focus primarily on known, 
frequently reduced lexical items. Complementary methods are needed to 
detect more elusive reductions and better understand their role in 
conversational speech.

Previous research on speech reduction has primarily relied on 
manual detection by human experts or automatic systems such as forced 
alignment tools (e.g., Adda-Decker and Snoeren, 2011; Wu and 
Adda-Decker, 2020). However, manual detection through listening 
poses significant challenges; it is time consuming, and more impor
tantly, subject to perceptual bias, as listeners’ interpretations are influ
enced by their pre-existing linguistic knowledge (Elman and 
McClelland, 1988). Furthermore, missing phonemes may leave subtle 
acoustic traces in neighboring segments, complicating the annotation 
process.

By contrast, recent advancement in the analysis of large corpora of 
spontaneous speech, along with improved automatic tools that have led 
to their exploitation, have enhanced the efficiency and accuracy of 
studying variation and phonetic reduction. Automatic forced alignment, 
which aligns transcriptions with audio recordings to segment speech 
into words and phonemes, enables the detection of sequences with 
extremely short segments -potential indicators of temporal reduction. 
These reduced segments often result in transcription errors in automated 
systems, making mismatches between orthographic transcriptions and 
actual speech more readily identifiable. Despite these methodological 
improvements, comprehensive analyses encompassing the full range of 
reduction phenomena in conversational speech remain limited. The 
present study seeks to bridge this knowledge gap by shedding light on 
lesser-known reduction types and comparing them with more estab
lished forms.

1.1. The current study

This study investigates non-lexicalized reductions (NLRs) and com
pares them with lexicalized reductions (LRs) to assess whether the two 
function similarly. Using a corpus of spontaneous conversations between 

colleagues, it examines reduction patterns in informal, natural speech, 
which is likely to foster more frequent and varied reductions compared 
to structured speech genres. To capture a broader spectrum of re
ductions, the study employs two complementary approaches: one 
focused on well-documented LRs and the other aimed at identifying less- 
recognized NLRs.

The central question is whether NLRs and LRs differ in terms of their 
frequency, distribution, and phonetic characteristics. LRs are typically 
recognized and expected by both speakers and listeners, while NLRs are 
mostly opaque, affecting non-predetermined segments and words. We 
can therefore suggest that the production of these two types of reduction 
may rely on different underlying mechanisms. We explore this hypoth
esis by examining two key dimensions.

First, we examine how speaker-related factors—such as speaking 
time, articulation rate, gender, and overall reduction frequency—affect 
the occurrence of NLRs and LRs. Specific research questions include: (i) 
Does longer speaking time correlate with a higher incidence of re
ductions -especially LRs- given that extended speech offers more op
portunities for reduction? (ii) Building on Lindblom’s (1963) account of 
temporal compression and formant undershoot, is a faster articulation 
rate associated with increased reduction, particularly in the case of 
NLRs? (iii) Does gender influence reduction patterns differently for LRs 
and NLRs? and (iv) Are speakers who frequently produce LRs also more 
likely to produce NLRs?

Second, we explore how linguistic factors —such as phonemic 
composition, lexical frequency, and morphosyntactic category— influ
ence reduction. We hypothesize that reduction rates vary across mor
phosyntactic categories. Specifically, LRs are expected to occur more 
frequently in discourse markers than in verb-pronoun constructions, 
consistent with prior research on reduction tendencies and lexical fre
quency. These analyses aim to offer a more nuanced understanding of 
reduction processes in casual speech.

2. Method & materials

2.1. Dataset

To examine reduction in spontaneous French conversations, we used 
the Corpus of Interactional Data (CID; Bertrand et al., 2008), which 
includes eight hours of audio-visual recordings featuring dyadic in
teractions between colleagues (10 women and 6 men, average age= 34). 
All participants were native speakers of French, with half originating 
from southeastern France and the other half from various regions. Each 

Fig. 2. A non-lexicalized reduction: phonemes comprising the reduced sequence “qui avait amené” (“who had brought”, top), involved tokens (middle) and the IPU 
containing the reduced sequence (bottom).
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conversation involved speakers of the same gender who shared a 
familiar relationship, a context conducive to greater variability and 
increased speech reduction (Gendrot et al., 2012).

The CID corpus includes phonetic annotations generated through 
automatic phonetization and alignment tools, designed for processing 
large volumes of speech data as well as providing consistent outputs for 
phonetic studies. The segmentation relies on Enriched Orthographic 
Transcriptions (Bertrand et al., 2006). Two versions of the phonetic 
annotation (v2 and v3) were available with the corpus. The v3 version 
contains the same orthographic tokens and phonemes as the v2 but the 
alignment was performed using SPPAS software (Bigi and Hirst, 2012) 
with extra manual corrections on the output of the alignment, for pho
netization, tokenization and liaison. Both versions were tested for this 
study and will be further explained in the Bottom-Up Approach section. 
Lexical and morphosyntactic annotations are also available with this 
corpus (Bertrand et al., 2006).

2.2. Top-down approach for detecting lexicalized reductions

Frequently encountered lexicalized sequences in French were 
selected as a starting point, based on documentation in prior research 
(Adda-Decker and Snoeren, 2011; Wu and Adda-Decker, 2020). To 
expand this inventory, a small informal questionnaire involving five 
students was conducted to gather examples of commonly perceived and 
produced reductions. This inventory, therefore, reflects speakers’ rep
resentations but is not intended to be exhaustive. It includes a total of 13 
items spanning various morphosyntactic categories. The inventory is 
presented in Table 2.

A top-down, semi-automatic method was used to extract reduced 
variants of these items. Using Praat (Boersma and Weenink, 2022), 
target items were first located in the token tier of the CID corpus. Each 
occurrence was then manually reviewed using both the audio and visual 
signal. A sequence was labeled as reduced if it showed evidence of 
segment deletion, syllable omission, or coalescence (merged segments). 
For each reduced instance, the surrounding context -three tokens before 
and after- was also extracted. Reduced forms were annotated with 
phonetic transcriptions (see Fig. 1 for an example).

2.3. Bottom-up approach for detecting non-lexicalized reductions

As top-down methods are inherently limited to reductions that are 
known and perceptible, a bottom-up approach was adopted to detect 
reduction prone areas throughout the corpus, with a particular focus on 
NLRs. While some LR sequences may also be captured this way, the goal 
was to identify very highly compressed sequences of reduction that often 
go unnoticed by human listeners or transcribers.

To detect reduction-prone areas, two key parameters were defined: 
(i) an analysis window large enough to capture potential NLRs, and (ii) a 
phoneme count threshold within that window, sequences exceeding the 
threshold were flagged as potentially reduced.

After testing a number of window sizes, a 230 ms window with a six- 
phoneme threshold was selected. Other window sizes we tested —180 
ms and 200 ms (keeping the phoneme count constant) — pointed to 
more highly reduced areas in the corpus. However, they resulted in a 
smaller number of detected reductions (see Table 1). The 230 ms win
dow was critical for capturing longer, multi-word sequences, providing a 

sufficient number of reductions for reliable analysis. That said, this 
window size inherently constrains the scope of detectable reductions, as 
our aim was not to create an exhaustive inventory but to adopt a prac
tical method for identifying less-explored reductions. This approach 
enables the identification of areas marked by substantial reductions. 
Therefore, using a larger window size, such as 250 ms, would not 
effectively detect temporally reduced areas while maintaining the six- 
phoneme threshold.

2.3.1. Manual evaluation and detection errors
The precision and the quality of the input are of utmost importance 

for detecting reductions. Therefore, the performance of the automatic 
detection method was assessed for both v2 and v3 annotation versions. 
Sequences identified as reduced were manually cross-checked against 
the audio-visual signals in Praat.

Of the 1212 sequences detected using v3, 256 were marked as errors, 
yielding an error rate of 21 % (Table 1). In contrast, v2 produced more 
detections but also a higher error rate (36 %). Most errors stemmed from 
misalignment issues (e.g., inaccurate marking of phoneme duration or 
position) or inappropriate liaison (e.g., where the aligner inserted a 
liaison phoneme per French language conventions, even when the 
speaker omitted it). Manual evaluations confirmed that v3 offered more 
reliable results due to corrected segmentations and improved alignment. 
Consequently, all subsequent analyses were conducted using v3 data.

2.4. Extracting linguistic and speaker-related information

Phonemes, words, and morpho-syntactic categories within non- 
lexicalized sequences were identified using three custom R scripts 
developed for targeted data extraction. These scripts processed TextGrid 
files containing detected sequence intervals along with associated lin
guistic annotations.

Speaking time for each speaker (measured in seconds) was derived 
from phonetic and Interpausal Unit (IPU) annotations.

Gender information was obtained from CID metadata (Bertrand 
et al., 2008). To preserve anonymity, speakers are labeled S1 through 
S16 in this study, although speaker initials are available in the original 
corpus and annotations.1

Articulation rates, representing phonemes produced per second, 
were taken from Chardenon et al. (2022). These were calculated based 
on active speech durations, excluding pauses and laughter, to provide a 
reliable measure for analyzing temporal patterns in phonetic reduction.

3. Results

This section presents findings on the production of reductions, based 
on the two detection methods described in Section 2, along with an 
analysis of linguistic and speaker-related factors.

3.1. Proportions of reduced sequences identified through both approaches

Using the top-down approach, a total of 2566 reduced lexicalized 
targets were identified out of 3634 occurrences of the 13 target items in 
the CID corpus, indicating that 71 % of these items were produced in a 
reduced form. This represents a notably high proportion. The distribu
tion of these reductions is presented in Table 2.

With the bottom-up approach, 956 reductions were correctly 

Table 1 
Number of automatically detected reductions across different window sizes and 
phonetic annotation versions alongside the error rates calculated for the se
quences detected using the v2 and v3 for the 230 ms window size.

Window size 180ms/6 phon. 200ms/6 phon. 230ms/6 phon.

Version v2 v3 v2 v3 v2 v3
Detected reductions 456 95 933 429 2144 1212
Error Rate ​ ​ ​ ​ 36 % 21 %

1 The corresponding labels used in previous studies on the CID (Bertrand 
et al., 2008): 

Speakers S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16
In the 

CID
AB AC AG AP BX CM EB IM LJ LL MB MG ML NH SR YM
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detected. These reduced sequences represent 2.1 % of the total pho
nemes (6351 out of 297.703 phonemes) and 2.4 % of the total words 
(3058 out of 127.713 words) in the corpus. It is important to note that 
this method does not aim to identify all instances of NLR, but rather to 
extract those exhibiting the most significant degrees of reduction. 
Notably, the bottom-up method detected 126 instances of the 13 lex
icalized target items, compared to 2566 instances identified by the top- 
down approach, indicating that the bottom-up method captured 4.9 % of 
the total reduced lexicalized items.

3.2. Speaker related factors

The distribution of reductions across speakers was highly variable. 
Speaker S7 produced the highest number of reductions (149 LR and 215 
NLR), whereas S10 produced the fewest (68 LR and 7 NLR). While other 
speakers fall between these two extremes, S7 stands out with more than 
twice as many NLRs as the next highest speaker, S3.

The minimum observed reduction ratio for lexicalized items was 57 
% (S8 and S15), indicating that even speakers who exhibited minimal 
reduction reduced at least half of their lexicalized targets. The reduction 
ratio, calculated as the number of reduced target items divided by the 
total number of occurrences, provides a more meaningful insight into a 
speaker’s reduction patterns than raw counts alone (see Table 3 (LRR %) 
and Fig. 3). For example, S7 achieved a reduction ratio of 81.4 % (149 
out of 183 target items), whereas S8, despite having the lowest reduction 
rate (57.2 %), reduced 139 out of 243 targets. Furthermore, variation in 
speaking time among speakers allows for significant reduction rates 
even with fewer target items, as seen with S10, who achieved a 73.9 % 
reduction rate. Conversely, S4, who produced the most reduced items 
overall (233), had a reduction rate of 74.4 %. These patterns indicate 
that item frequency in the corpus does not necessarily correspond to 
reduction ratios.

The proportion of reduced segments within NLR sequences for each 
speaker, as presented in Table 3, also highlights notable inter-speaker 
differences, while accounting for variations in individual speaking du
rations. Notably, the coefficient of variation showed that the presence of 
NLR varied more substantially across speakers (62.1 %) than lexicalized 
reduction (11.4 %).

Additionally, Pearson’s correlation revealed a moderate but statis
tically significant relationship (r = 0.60, p = 0.013) between speakers’ 
LR and NLR ratios, as shown in Table 3 and Fig. 3.

Given these speaker-level differences, three potential contributing 
factors were explored for the two types of reduction: speaking time, 
articulation rate and gender. Although a single, fully specified mixed- 
effects model capturing all relevant interactions would have been 
theoretically desirable, attempts to fit such models failed to converge, 

likely due to the relatively small sample size (16 speakers) and model 
complexity. To address this limitation, we employed a Bayesian multi
level regression approach using the brms package. This framework 
enabled us to account for individual variability through random effects 
while benefiting from more robust uncertainty estimation (see for 
example Fong et al., 2010). As such, it allowed us to examine the in
fluence of key predictors on reduction ratios without overfitting or 
compromising interpretability.2

3.2.1. Speaking time
Speaking times varied significantly among speakers,3 with a coeffi

cient of variation of 19.9 %. The speaker who produced the highest 
number of NLRs and had the highest LR ratio (S7, with 215 NLRs (5.5 % 
of his total phonemes) and an 81 % LR ratio) did not have the longest 
speech duration. Conversely, the speaker with the shortest speaking 
time (S10) recorded the fewest NLRs (7), but not the lowest proportion 
of reduced phonemes (0.6 %). This speaker also had 68 LR detections, 
yielding an LR ratio of 74 %. The speaker with the longest speaking time 
(S11) did not exhibit markedly different reduction patterns compared to 
other speakers.

The Bayesian regression model did not reveal strong or consistent 
effects of speaking duration on either NLR or LR when using ratio-based 
outcome variables. Specifically, the estimated effect of speaking dura
tion on NLR was slightly negative (Estimate= − 0.29), with a 95 % 
credible interval including zero ([− 0.72, 0.15]), suggesting a lack of 
robust evidence for an association. A similar pattern emerged for LR 
(Estimate= − 0.29; 95 % CI: [− 0.74, 0.17]), indicating no statistically 
significant effect. The model summary is presented in Table 4.

A Pearson correlation analysis showed a statistically significant 
positive correlation between speech duration and the number of re
ductions detected using the top-down approach (r = 0.59, p = 0.015), 
indicating that longer speaking times are associated with more LR. In 
contrast, the correlation between speech duration and the NLR was 
weak and statistically insignificant (r = − 0.18, p = 0.48), suggesting that 
NLR are relatively independent of speaking time.

3.2.2. Articulation rate
The speaker with the highest articulation rate (S7, 14.4 phonemes/ 

Table 2 
Number of occurrences of the 13 selected lexicalized items in sequences detected using top-down and bottom-up approaches, along with their total occurrences in the 
corpus. The table also includes translations and morpho-syntactic categories.

Lexicalizd Item Category Detection Lexicalizd Item Category Detection

Bottom- 
Up

Top- 
Down

Total Bottom- 
Up

Top- 
Down

Total

alors 
(then)

adverb 32 132 400 tu sais 
(you know)

pronoun+verb 4 176 248

alors que (whereas) conjunction 0 7 45 je sais 
(I know)

pronoun+verb 3 328 412

parce que 
(because)

conjunction 26 579 588 enfin 
(finally)

adverb 3 586 728

je suis 
(I am)

pronoun+verb 17 128 145 je peux 
(I can)

pronoun+verb 3 28 33

voilà 
(here, there)

adverb 14 108 277 de toute façon 
(anyway)

adverb 2 53 63

puis 
(then)

adverb 14 266 430 puisque 
(since, as)

conjunction 2 37 45

quand même 
(all the same)

adverb 6 138 220 TOTAL ​ 126 2566 3634

2 The model used to test influencing factors is: brm(mvbind(NLR, LR) ~ 
speech + rate + gender + (1 | Speaker).

3 Speaking times were calculated based on the IPU durations, which depend 
on the number of phonemes. The correlations were computed based on these 
durations. Readers can refer to the total phoneme numbers presented in Table 3
as an approximation for speaking times.
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sec) demonstrated the highest reduction ratios for both LR and NLR. In 
contrast, the speaker with the lowest articulation rate (S10, 11.08 
phonemes/sec) produced the fewest reductions (68 LR and 7 NLR).

The Bayesian analysis revealed a significant positive effect of artic
ulation rate on NLR, with an estimated coefficient of 1.07 (95 % CI: 
[0.65, 1.52]), indicating a strong association between articulation rate 
and the occurrence of non-lexicalized reductions. For LR, the effect of 
articulation rate was weaker (Estimate = 0.43; 95 % CI: [− 0.05, 0.93]), 
with the inclusion of zero in the credible interval suggesting a more 
uncertain relationship.

A Pearson correlation analysis revealed a non-significant positive 
correlation between articulation rate and LR (r = 0.51, p = 0.42). In 
contrast, a statistically significant positive correlation was found for 
NLR (r = 0.81, p < 0.001), indicating a strong association between 
articulation rate and reduction frequency specifically in non-lexicalized 
contexts.

3.2.3. Gender of the speaker
Gender was also examined as a predictor: a significant positive effect 

was found on NLR, with an estimated coefficient of 0.90 (95 % CI: [0.00, 
1.80]), suggesting that male speakers tended to produce higher NLR 
ratios than female speakers. The effect of gender on LR, however, was 
weaker and non-significant (Estimate = 0.24; 95 % CI: [− 0.67, 1.10]). 
Detailed speaker-level reduction data are presented in Table 3.

A t-test was conducted to assess whether gender influences reduction 
rates. No statistically significant difference was found in LR ratios be
tween male and female speakers (t = − 0.27, df = 9.65, p = 0.78) nor in 
NLR ratios (t = − 1.11, df = 6.58, p = 0.3). However, male speakers had a 
higher mean number of non-lexicalized sequence counts (M = 84.3, SD=
63.8) compared to female speakers (M = 45.1, SD= 20.6). To check if 
this effect was driven by S7’s high reduction rate, another t-test 
excluding S7 confirmed no significant difference in either reduction type 
(p-values remained unchanged).

3.3. Linguistic factors

3.3.1. Infra-lexical characteristics
A total of 6.351 phonemes were found in the NLRs detected using the 

bottom-up approach. The average length of detected sequences was 7.55 
phonemes (SD = 2.27). The longest sequence consisted of 22 phonemes 
(/i p a r e g z a~ p l EU d i r e k t EU r d EU r/: si par exemple le 
directeur de recherche (if, for example, the research director)) produced 
in under 720 ms. Speaker averages varied, with S7 producing the longest 
sequences on average (8.1 phonemes per sequence) and the lowest 
average being 6.5 phonemes. The majority of speakers (13 out of 16) had 
an average of over 7 phonemes per detected sequence.

The phoneme distribution in reduced sequences showed that /a/ 
(747 occurrences), /e/ (701), /r/ (538), and /l/ (515) were the most 
frequent. However, these phonemes are also among the most common in 
standard French. To adjust for overall frequency, reduction ratios were 
calculated relative to each phoneme’s total occurrences in the corpus. 
The results revealed that these phonemes were not associated with 
higher reduction ratios, despite their overall significant representation 
in reduced forms. Fig. 4 highlights that /H/4 had the highest reduction 
rate (6,7 %), followed by /l/ (2,6 %). While /e/ seems to be the most 
frequently appearing phoneme in the corpus, it had a reduction ratio of 
only 1.48 %. The phonemes with the highest reduction ratios were 
mostly approximants: /H/, /j/, /l/, /w/ and /r/. Additionally, while 
fricatives did not have high reduction ratios in general, /v/ showed a 
notably high ratio of reduction.

Regarding LRs, a single lexicalized item could be reduced in multiple 
ways. For example, “parce que”, typically consisting of 6 phonemes, 
could appear as [sk] with only two phonemes or [psk] with three 
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phonemes, while “de toute façon” which contains 10 phonemes in its 
canonical form, was often encountered as [tfsɔ̃]. The phonetic and 
phonological properties of the canonical forms of LRs appear to influ
ence the extent of reduction. For instance, although “enfin” being 
frequently reduced, the potential reduction forms were more con
strained compared to others, primarily due to the presence of the fric
ative /f/, which was constantly retained during reduction. Furthermore, 
Fig. 5 illustrates that the number of phonemes and words in the target 
item shows no discernible relationship with the rate of reduction. The 
frequency of LR reduction was particularly influenced by schwa dele
tion, which often led to assimilation (“je suis” produced “chuis”; “je sais” 
produced “chais”).

3.3.2. Lexical factors

3.3.2.1. Non-lexicalized reductions. The bottom-up approach extracted 
a list of 716 unique word tokens from various morphosyntactic 

Fig. 3. Reduction ratios per speaker, ordered by LR ratio (divided by 10 to enable comparison on the same scale), are presented. The LR ratio is the number of 
reduced lexicalized targets divided by the total number of lexicalized targets, while the NLR ratio reflects the proportion of reduced phonemes to the total phonemes 
produced. Dotted lines represent the trendlines for LR and NLR ratios.

Table 4 
Summary of Bayesian multilevel model estimates for NLR and LR as predicted by 
articulation rate, speech duration, and gender. The table includes fixed effects 
and distributional parameters. Estimates are presented with standard errors and 
95 % credible intervals.

Parameter Estimate Est. Error 95 % CI Rhat

NLR_Intercept − 11.62 2.89 [− 17.19, − 6.33] 1.02
LR_Intercept 1.66 3.04 [− 4.54, 7.64] 1.01
NLR_articulation 1.07 0.23 [0.65, 1.52] 1.02
NLR_duration − 0.29 0.23 [− 0.72, 0.15] 1.00
NLR_genderM 0.90 0.45 [0.00, 1.80] 1.01
LR_articulation 0.43 0.24 [− 0.05, 0.93] 1.01
LR_duration − 0.29 0.22 [− 0.74, 0.17] 1.01
LR_genderM 0.24 0.43 [− 0.67, 1.10] 1.01
sigma_NLR 0.57 0.26 [0.15, 1.14] 1.04
sigma_LR 0.55 0.28 [0.08, 1.13] 1.01

Fig. 4. Total number in the corpus (y axis) and the ratios (color intensity) for the reduced phonemes found in the non-lexicalized sequences calculated based on their 
total occurrence in the corpus.
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categories, occurring a total of 3058 times in reduced sequences, rep
resenting 2.4 % of the corpus’ 127.713 total tokens.

The words identified within the reduced sequences demonstrated 
considerable lexical variability. Pronouns and verbs were among the 
most frequently occurring categories. However, when considering their 
reduction ratios relative to all corpus tokens, lower reduction rates were 
observed for these categories. For instance, the most frequent words "je" 
(5.7 %), "tu" (3.4 %), "de" (3.7 %), "il" (4.1 %), "la" (4.9 %), and "que" (5.1 
%) exhibited relatively modest reduction rates.

In contrast, 68 words from different categories (including 30 nouns, 
25 verbs, 4 adjectives and 9 disfluencies) were reduced in 100 % of their 
occurrences, though some appeared only once in the corpus. Examples 
include “fourrure (fur)”, “orthophoniste (speech therapist)”, “signalisations 
(signalings)”, and “SNCF (French Railways)”, among others.

An analysis of the number of words in the detected reduced se
quences revealed that a reduced sequence could range from 1 to 10 
words (Table 5). Typically, these sequences consisted of 2 to 4 words. 
Sequences containing >6 words were less common, accounting for <2 % 
of the detected sequences.

3.3.2.2. Morphosyntactic categories of the words found in the detected 
sequences. The analysis of morphosyntactic categories within NLR se
quences revealed that reduction processes affected words across all 
categories, although certain categories were more prevalent. The dis
tributions were as follows: 27 % verbs, 25.7 % pronouns, 11 % nouns, 9 
% determiners, 7 % prepositions, 6 % adverbs, 5 % discourse markers, 4 
% conjunctions, 3 % adjectives, 1 % disfluencies and 0.3 % interjections. 

This breakdown illustrates the varying susceptibility of morphosyntactic 
categories to the reduction phenomenon.

We subsequently calculated the proportions of the reduced word 
categories relative to their overall occurrences in the corpus. The results, 
detailed in Table 6, showed that verbs (3.9 % of the total number of 
verbs in the corpus) and pronouns (3.2 % of the total number of pro
nouns in the corpus) remained the categories most frequently subject to 
reduction. However, adverbs (3.9 %) and conjunctions (3.4 %) also 
exhibited relatively high reduction ratios, suggesting that they are 
similarly prone to reduction compared to other morphosyntactic 
categories.

3.3.2.3. Lexicalized reductions. Our findings indicate that lexicalized 
sequences are frequently reduced (71 % of target sequences); though, 
reduction frequencies vary considerably across items. Fig. 5 presents the 
distribution of these items along with their respective reduction ratios.

In the CID corpus, the most frequently reduced lexicalized item was 
“parce que”, which was reduced in 98 % of occurrences. Interestingly, 
“enfin” ‘though the most frequently occurring among the 13 selected 
items-, showed a lower reduction ratio than some less frequent items. 
Therefore, an item may be rare in the corpus yet display a high pro
portion of reduction. For example, “puisque” occurred only 45 times but 
was reduced 82 % of the time. In contrast, “puis”, a relatively frequent 
item, was rarely reduced. These findings suggest that the likelihood of 
reduction is influenced by intrinsic properties of the lexical item rather 
than frequency alone.

Fig. 5. Reduced (green) and total (orange) occurrences for each of the 13 selected items. The red line represents the ratio of reduction for each target item.

Table 5 
The number of words comprising reduced sequences (left), the number (middle) 
and the frequency of occurrences in all of the detected reduced sequences 
(right).

Number of words Occurrence Frequency

10 words 1 0.1 %
8 words 4 0.4 %
7 words 12 1.2 %
6 words 30 3.1 %
5 words 79 8.2 %
4 words 205 21.4 %
3 words 359 37.6 %
2 words 196 20.5 %
1 word 62 6.4 %

Table 6 
The morphosyntactic categories of the words found in NLR sequences (bottom- 
up) and their proportions in the total of the corpus.

Category Reduced Total Ratio

Verb 745 19,058 3.9 %
Pronoun 786 24,141 3.2 %
Auxiliary 89 2737 3.2 %
Noun 323 12,260 2.6 %
Determiner 279 10,334 2.7 %
Preposition 229 7405 3.1 %
Adverb 186 4806 3.9 %
Discourse Marker 161 22,168 0.7 %
Conjunctions 135 4005 3.4 %
Adjectives 93 3557 2.6 %
Disfluency 31 10,583 0.3 %
Interjection 1 103 0.97 %

K. Bodur et al.                                                                                                                                                                                                                                   Speech Communication 173 (2025) 103268 

8 



3.3.2.4. The effect of morphosyntactic categories on the reduction of lex
icalized items. To investigate whether lexicalized sequences are more 
susceptible to reduction in specific morpho-syntactic roles, we selected a 
subset of three items ("alors," "enfin," and "tu sais"), each of which can 
serve multiple syntactic functions. For example, “enfin” and “alors” can 
function as both adverbs and discourse markers, while “tu sais”, typi
cally a pronoun + verb construction, can also act as a discourse marker 
in French. Building on the general assumption that less informative parts 
of speech are more frequently reduced, we hypothesized that these items 
would exhibit higher reduction rates when functioning as discourse 
markers compared to when they function as adverbs or verb phrases.

A logistic regression analysis was conducted to investigate the rela
tionship between reduction (reduced vs unreduced) and morpho- 
syntactic function for each item. In the case of “alors”, which included 
248 data points, none of the morphosyntactic categories exhibited a 
statistically significant effect on reduction. The coefficients for all cat
egories (adverb, discourse marker, feedback, and disfluency), including 
the intercept was non-significant. However, “alors que”, which had 48 
data points, showed a notably low reduction ratio (15 %) and predom
inantly occurred as a conjunction. It appeared as a disfluency only twice. 
Here, the disfluency variable had a large but non-significant effect on 
reduction (coefficient: − 15.848, p = 0.995), while the intercept was 
significant (coefficient: − 1.717, p < 0.001).

For “enfin” (731 data points), no significant effect was found for 
morphosyntactic function, although reached statistical significance 
(coefficient: − 1.557, p = 0.991).

Lastly, for “tu sais”, which had 247 data points, the “pronoun+verb” 
category was significantly less likely to be reduced than when the 
expression functioned as a discourse marker (coefficient: − 1.1722, p <
0.001). The intercept was also significant (coefficient: 1.1722, p <
0.001).

4. Discussion

This study presented an exploratory analysis of reductions in French 
conversational speech, aiming to distinguish easily identifiable re
ductions from those less perceptible to the human ear. We classified 
reductions into two types: lexicalized reductions (LR), identified via a 
top-down approach focusing on 13 common French sequences, and non- 
lexicalized reductions (NLR), detected through a novel bottom-up 
method. Although challenging, identifying NLRs is essential for under
standing the broader spectrum of reduction processes. However, the 
number of detected reductions using this method is highly dependent on 
the chosen window size. The 230 ms window was deliberately selected 
to capture as many multi-word sequences as possible. In exchange, we 
were able to detect only a limited number of highly reduced zones that 
lack repetitive representations in the lexicon. Manual evaluations of the 
script’s output revealed that input quality, particularly alignment ac
curacy, critically affects detection performance. Misalignments could 
lead to false positives, sequences flagged as reduced despite not meeting 
our criteria. This is why we observed a considerable improvement in 
output quality using the v3 (updated alignment that yielded better re
sults (Bigi and Hirst, 2012)) of phonetic annotations, even though it 
reduced the sample size. One advantage of this bottom-up method lies in 
its ability to identify reduced forms that may elude manual annotation, 
which is often subjective and inconsistent across annotators. Auto
mating the process thus enhances objectivity and reproducibility.

Our analysis revealed a heterogeneous distribution of reductions 
among speakers. While 71 % of the selected lexicalized items were 
reduced, suggesting a pervasive phenomenon, we observed considerable 
variability at the individual speaker level, an often overlooked factor in 
reduction research. Though previous studies have occasionally 
addressed the speaker aspect, primarily within the context of sociolog
ical factors (Labov, 1986; 2001), our findings suggest that even within 
homogenous socio-cultural groups, significant speaker-related variation 
persists. A modest correlation was found between LR and NLR ratios, 

indicating that some speakers produce more reductions overall. How
ever, a closer examination of individual speakers revealed variability in 
this pattern, suggesting contrasting tendencies in reduction behavior. 
One speaker (S7) emerged as a standout, producing 215 NLR sequences 
and an LR ratio of 81.4 %, whereas the others were below this produc
tion rate. In contrast, S8 had the lowest LR ratio (57.2 %, producing 139 
reductions out of 243 targets) and the second lowest NLR count (15 
sequences). Meanwhile, a speaker could produce relatively few target 
items (e.g., S10) while still maintaining a considerable LR ratio (73.9 %), 
even with the lowest number (7) of NLRs. These subtleties highlight how 
individual speaker traits and language preferences are interconnected, 
prompting further investigation into the underlying reasons for these 
differences.

One speaker-related factor we examined was gender. The significant 
effect of gender on NLR, with male speakers exhibiting more reductions 
than female speakers, warrants further exploration. This finding aligns 
with previous research suggesting that male speakers may be more 
prone to producing non-standard forms and reductions (e.g., Byrd, 1994; 
Labov, 1990, 2001). One potential explanation for this gender difference 
lies in the nature of NLR, which are often produced in temporally 
compressed zones of speech, where articulation is faster and more fluid. 
It is conceivable that male speakers, who may tend to speak at relatively 
faster rates than female speakers (e.g., Jacewicz, 2009), might produce 
more reductions as a result of these faster speech patterns. To investigate 
this, we conducted a post-hoc Bayesian analysis of the interaction be
tween gender and articulation rate on NLR production. The results were 
not statistically significant (Estimate= 0.46; 95 % CI: [− 0.46, 1.46]), 
suggesting that the observed gender difference in NLR may not be driven 
by articulation rate alone. Interestingly, no significant gender differ
ences were observed in LR production, possibly reflecting the more 
stable distribution of LRs across speakers, regardless of gender. This 
stability might indicate that LR is less influenced by speaker-specific 
factors like gender, suggesting a more uniform pattern of reduction in 
these contexts. It is essential to investigate additional speaker-related 
variables to further clarify the interaction between gender and reduc
tion types.

Contrary to earlier hypotheses (Byrd, 1994, among others) that male 
speakers produce more reductions, our analysis found no significant 
differences between male and female speakers in their production of 
both LR and NLR. This suggests that gender is not a decisive factor in the 
variability of reduction rates. One such factor worth exploring is dialect. 
For instance, recent work by Clopper et al. (2023) highlighted that in
fluence of the dialect on phonetic reduction in English (American Mid
west) and concluded that, while dialectal influences may be subtle, they 
are not negligible. Given that our corpus primarily includes speakers 
from Southeastern France, the sample size may not be sufficient to assess 
dialectal influences on reduction patterns in depth. Future studies 
should consider testing these effects across various French dialects to 
determine if similar patterns emerge.

The reductions identified through the two methods appear to be 
influenced by distinct factors, reinforcing the hypothesis that they 
represent different types of reductions. Specifically, NLRs correlate with 
higher articulation rates, whereas LRs are relatively more strongly 
associated with longer speech durations. Initially, the model using ratio- 
based outcomes did not reveal a significant effect of speech duration on 
LRs. However, a follow up analysis using raw LR count data provided 
clearer insights. This post-hoc model, which reflects the cumulative 
nature of reduction opportunities, revealed a positive and statistically 
significant association between LR counts and speech duration 
(Estimate= 19.6; 95 % CI: [2.49, 36.68]). These findings support our 
hypothesis that extended speaking time increases the likelihood of LRs, 
as it affords more opportunities for speakers to reduce frequently 
encountered lexical items. In contrast, a similar analysis with raw NLR 
counts showed no significant effect of speech duration (Estimate= − 2.66; 
95 % CI: [− 16.89, 11.49]) suggesting that NLRs are less influenced by 
overall speech duration and may instead be governed by other linguistic 
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or conversational dynamics. The weak correlation between LRs and 
articulation rates further supports this distinction, indicating that LRs 
are less sensitive to spontaneous contextual factors such as speech rate 
and sequence duration. This finding aligns with Van Son & Pols’ (1990, 
1992) observations, which show that high speech rates do not neces
sarily lead to greater reduction, as some speakers are able to control 
their articulators in such a way that they can produce non-reduced 
pronunciations at even faster speech rates (e.g., speaker S14). In 
contrast, the strong correlation between NLRs and articulation rate is 
consistent with findings by Fosler-Lussier and Morgan (1999), who re
ported that higher articulation rates promote phonetic variation and 
reduction, contributing to the heterogeneity across speakers. This 
divergence may reflect the nature of LRs as lexicalized, stereotyped 
forms that are less influenced by phonological and prosodic contexts, 
whereas NLRs are more sensitive to such factors. While the use of a fixed 
window size in the detection method may introduce some artifacts, we 
argue that the observed relationship between articulation rate and 
temporal reduction reflects a genuine pattern rather than methodolog
ical bias. The strength of this correlation supports theoretical expecta
tions that faster articulation leads to greater phonetic reduction, 
supporting an interpretation of these results as meaningful rather than 
artifact driven.

The duration-based method (230ms/6 phonemes) indicates that, 
although lexicalized items are sometimes detected within reduced se
quences, it fails to capture all of the manually identified LRs. The limited 
overlap (4.9 %) between sequences identified through the top-down and 
bottom-up approaches suggests that many LRs do not consistently pre
sent with shorter durations. For instance, the reduced form /ʃepa/ for “je 
ne sais pas” may lack phonemes, but its duration can vary widely 
depending on conversational context. Bybee’s Exemplar Theory (2002)
proposes that the phonetic form of each token is recorded in the 
exemplar representation, enriched with phonetic and contextual details, 
allowing for a range of variation for each word or sequence. Frequent 
expressions like “je ne sais pas” thus accumulate a diverse array of 
reduced and full variants that speakers can access flexibly depending on 
situational demands. This perspective implies that reduced forms are not 
merely phonetic simplifications but complex, context-sensitive repre
sentations that reflect the nuances of spontaneous speech. Each occur
rence of a reduced form is shaped by its usage in different contexts, 
leading to the creation of a rich database of variants in the speaker’s 
mental lexicon. This perspective is particularly relevant for expressions 
like “parce que” and “je suis”, where reductions seem not only phonet
ically predictable but also pragmatically motivated, aiding rapid pro
cessing of familiar sequences. These items are among the most 
frequently reduced in the corpus (e.g., parce que, 98 %; je suis, 88 %), 
while others like “alors” (33 %) and “voilà” (39 %) show lower reduction 
ratios. These figures are consistent with Wu and Adda-Decker (2020), 
who suggested that these reduced sequences often function as discourse 
markers in informal speech. Although dual-route models might predict 
stability in high-frequency sequences due to holistic storage and 
execution, our data reveal variability suggesting that these reduced 
forms are not merely automated articulations but meaningful, contex
tually adaptable units. This supports the view that reductions serve both 
lexical and pragmatic functions. Certain discourse markers exhibit 
flexible reduction patterns aligned with their discourse role, implying 
that speakers store reductions as context-dependent exemplars rather 
than fixed articulatory routines.

Importantly, reduction ratios for lexicalized items do not appear to 
correlate directly with their frequency in the corpus. For example, the 
sequence "je peux" (I can) has a high reduction ratio (84.8 %), despite 
only occurring 33 times, whereas "alors" (then) occurred 400 times but 
was reduced in only 132 instances (33 %). By focusing on corpus-specific 
lexical frequency rather than general frequency norms in French, we 
ensure contextual relevance. Lexical frequency varies substantially 
across speakers, topics and settings, so this approach provides a more 
accurate depiction of how reduction manifests in casual conversations, 

highlighting unique reduction patterns within everyday speech rather 
than broad generalizations.

Lexicalized items with the highest reduction ratios (parce que (98,4 
%, conjunction), je suis (88 %, pronoun+verb), je peux (84.8 %, pro
noun+noun)) may not always be considered as highly informative as 
they are easily inferable by the context (Bell et al., 2009). The "pro
noun+verb" combinations such as "je sais", "je suis" and "je peux" showed 
higher reduction ratios than adverbs such as "alors" or “voila", with the 
pronoun often being the reduced component, probably due to their more 
predictable nature. To assess whether informativeness and morpho
syntactic category influence the possibility of reduction, we analyzed a 
subset of three sequences (alors, enfin, tu sais) that can function either as 
discourse markers or as standard syntactic elements (adverbs and pro
noun + verb constructions). Our analysis found no consistent relation
ship between morphosyntactic category and likelihood of reduction 
within this subset, except for “tu sais”. The pronoun+verb configuration 
was significantly less likely to be reduced than the discourse marker 
usage. This suggests that reduction rates may vary by grammatical 
function and perceived informativeness, but are still largely lexically 
governed. This aligns with Schubotz et al. (2015), who proposed that 
more pragmatic, less compositional forms tend to be reduced more often 
and that such reductions aid comprehension by highlighting discourse 
structure. A future comparison between the durations of reduced and 
non-reduced variants of these items would allow us to draw more con
clusions to complement these findings.

On the other hand, NLRs are not inherently tied to lexicalized se
quences and may span multiple words and categories. Interestingly, 
many words with the highest reduction rates occurred only once in the 
corpus (e.g., orthophoniste, bouquinais), while the most frequently 
encountered words in reduced sequences often had lower proportions of 
reduction due to their high overall frequency. These finding challenges 
previous claims (Pluymaekers et al., 2005; Jurafsky et al., 2001) that 
frequent words are reduced more often. Rather, our data suggests that 
such findings may reflect raw frequency rather than intrinsic reduc
ibility. Moreover, Jurafsky and colleagues’ (2001) proposition that less 
informative parts of speech are more frequently reduced seems to be 
contradicted by our observation that many 100 % reduced words in our 
corpus were content words that carried significant information in 
context. That said, caution is warranted, as many of these words 
appeared only once, limiting our ability to draw more reliable 
interpretations.

Although verbs (27 % of all detected words) and pronouns (25.7 %) 
were more frequently represented (Table 6), the reduction ratios for 
adverbs (3.9 % of all adverbs in the corpus) and conjunctions (3.4 %) 
were comparably noteworthy. Interestingly, only 0.3 % of disfluent 
words appeared within reduced sequences. Given that disfluencies are 
often considered less informative and frequently involve repetitions 
—conditions thought to facilitate reduction (Fowler, 1988)— this is a 
surprising result. Nevertheless, it raises the question of whether re
ductions are more prevalent in utterances that include disfluencies. A 
previous study (Bodur et al., 2023) investigating the relationship be
tween reduction and the prosodic position found that approximately 37 
% of reductions occurred within disfluent units. These findings highlight 
the need for further investigation to determine whether disfluency itself, 
or specific morphosyntactic categories, predisposes sequences to 
reduction.

The length of the detected reduced sequences also varied in terms of 
the numbers of words involved. Most commonly, detected reduced se
quences comprised three to four words, likely reflecting the constraints 
imposed by the selected detection parameters. Prior research (e.g., 
Moon and Lindblom, 1994; Baltazani, 2007) has suggested that longer 
sequences are more susceptible to both temporal and spatial (articula
tory) reduction. In our data, sequences consisting of only a single word 
exhibited substantially lower reduction rates, likely due to this factor. 
However, extremely long sequences (e.g., eight to ten words) were also 
rarely influenced by reduction. One possible explanation is that in 
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shorter sequences, it is plausible that speakers, perceiving the brevity of 
such utterances, opt to maintain a higher degree of linguistic integrity, 
as further reduction may risk compromising the clarity of their intended 
message. Conversely, in longer sequences, the observed rarity of 
reduction can be attributed, in part, to the inherent complexity and 
informational richness associated with such utterances, which may 
prompt speakers to exercise caution in employing reduction strategies to 
ensure that essential details are not lost in the process.

Articulatory characteristics of phonemes also appear to influence 
reduction likelihood (Meunier and Bigi, 2021); some phonemes appear 
more often in reduced sequences than others. Prior studies (e.g., Pluy
maekers et al., 2005; Voigt and Schüppert, 2013) have reported a rela
tionship between phoneme frequency and reduction rate. In our corpus 
(CID), the phonemes most frequently present in reduced sequences were 
/H/, /j/, /l/, /w/ and /v/, suggesting that the category of approximants 
(liquids and glides) appears more frequently in the detected sequences. 
In contrast, fricatives, plosives and nasals occurred less frequently in 
these sequences. Notably, these phonemes are also among the shortest in 
duration in French, further supporting the idea that phonetic properties 
—specifically segmental duration and articulatory ease— are potentially 
influential factors for reduction (Meunier and Bigi, 2021).

For the selected lexicalized sequences, phonetic compositions 
showed considerable heterogeneity. While neither the number of pho
nemes nor the number of constituent words show no discernible rela
tionship with the rate of reduction, nature of the phonemes involved 
clearly influenced the forms LRs could take. For instance, reductions of 
“alors” often involved the deletion of the /l/, with merging of the vowels 
/a/ and /o/ into a prolonged vocalic segment. In the case of “enfin”, the 
fricative/f/ was consistently preserved, with reduction commonly 
yielding the form as "fin. Conversely, in “parce que”, both the /r/ and the 
schwa were systematically omitted, even in minimally reduced forms. 
These patterns suggest that the proportion of reduced material may be 
linked, in part, to the nature of the phonemes making up the target item. 
Though not systematically analyzed in this study, it is worth noting that 
“parce que” (which typically contains two schwas) was the most 
massively reduced item in the corpus. Given that the majority of 
speakers were from south-eastern France, where schwas are typically 
preserved, this result was unexpected and merits further investigation.

In conclusion, our examination of preliminary results reveals a 
striking degree of variability in reduction behavior across speakers, 
phonemes, and lexical items, encompassing both lexicalized and non- 
lexicalized sequences. These observations validate our methodological 
decision to distinguish between two types of reductions. While reduction 
is often conceptualized as primarily physiologically driven, emerging 
from efforts to minimize articulatory effort in the absence of cues pro
moting hyper-articulation (Lindblom, 1990), our results suggest a more 
nuanced perspective. Certain reduced forms may be integrated into 
lexical representations rather than arising solely from ephemeral artic
ulatory adjustments. Notably, the production of lexicalized reductions 
appears largely independent of articulation rate, occurs consistently 
across speakers, and shows little indication of being purely physiologi
cally motivated. These features suggest that LRs may be stored and 
retrieved from the mental lexicon as holistic forms, enabling variable 
pronunciation without strong contextual constraints. In contrast, 
non-lexicalized reductions are more context-dependent, affecting 
non-predictable words, spanning multiple word sequences, and strongly 
influenced by articulation rate, morphosyntactic and prosodic structure, 
and speaker-specific patterns.

Moreover, our bottom-up detection approach demonstrates signifi
cant potential for analyzing reductions in spontaneous speech, despite 
the inherent limitations of parameter-based methods. Future enhance
ments could include tailoring detection scripts to individual speaker 
profiles, particularly by integrating speaker-specific articulation rates. 
Such refinements could potentially enhance detection precision and 
reduce reliance on extensive manual validation, paving the way for 
more robust investigations into the dynamics of reduction in natural 

language production. This study aimed to contrast distinct types of 
reduction and highlight the heterogenous nature of their occurrence. 
Our findings indicate that reductions arise from a complex interplay of 
phonological, lexical, prosodic, and contextual factors. This complexity 
may explain inconsistencies in prior literature concerning the roles of 
gender, articulation rate, and word frequency. Ultimately, our results 
contribute to a more nuanced understanding of reduction processes and 
underscore the potential for methodological innovations in the study of 
spontaneous speech production.
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t-elle ? Une étude des segments, des mots et séquences de mots fréquemment réduits. 
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3.3. Complementary analyses  

3.3.1. Reduction patterns in three frequent items 

 
To extend the main findings and test assumptions about frequency and 

reduction stereotypy, we conducted an additional analysis on a subset of three 

high frequency items that could also function as discourse markers: alors (then), 

enfin (finally), and parce que (because). These items were selected for their prevalence 

in the corpus and their relatively frequent occurrence in reduced forms. Their 

distribution in the CID is shown in Table 4. 

 

 

Items alors enfin parce que 

Reduced 132 586 579 

Total 400 728 588 

Reduction Ratio 33% 80%  98% 

 
Table 4. The total and reduced distributions of the three frequent lexicalized items: alors, enfin 

and parce que as well as their reduction ratios within the CID. 

 

 

 

 

3.3.1.1. Reduction rates across speakers: alors, enfin, parce que 

 

As presented in the main study, reduction patterns revealed notable inter-speaker 

variability. Regarding this subset of lexicalized items, parce que showed the highest and 

most consistent reduction ratios: 12 of the 16 speakers reduced it in 100% instances. In 

contrast, enfin displayed more uneven reduction patterns across speakers, while alors was 

the least reduced, with extreme speaker-specific variation (from 0% to 67%). It is also 

worth noting (although no sociophonetic analyses were conducted on this point) that 

parce que emerged as the most consistently reduced item in our corpus, despite containing 

two schwa vowels. While Southern varieties of French (half of the speakers in the CID 

corpus are from these regions) are often characterized by greater schwa preservation 
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compared to Northern varieties (Durand et al., 1987), this example shows that high-

frequency expressions such as parce que can still undergo extreme reduction, suggesting 

that frequency effects can override regional tendencies toward schwa retention. Figure 6 

presents reduction ratios for these three items across the speakers of the CID, visually 

confirming that parce que is reduced by nearly all speakers almost categorically, while 

enfin shows more variation, and alors is the least reduced and most speaker-dependent in 

its realization. 

 

 

 
Figure 6. Distribution of the three frequent items across the speakers of the CID. 

 

 

 

 

 

 

 

 



95 
 

3.3.1.2. Duration-based evidence of phonetic material reduction: 

alors, enfin, parce que 

 

Using a custom Praat script to extract item durations, we compared the durations of 

reduced and non-reduced occurrences of these three lexicalized items. The mean 

durations for their reduced and non-reduced occurrences are represented in Figure 7. 

This analysis revealed that reduced forms were, on average 36% to 38%, shorter than their 

non-reduced counterparts. A t-test revealed that the difference in reduced and non-

reduced duration reached statistical significance only for parce que (p= 0.02).  

 

 

 

 
Figure 7. Mean durations (in seconds) of the three most frequent items under reduced and 

non-reduced conditions. 
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3.3.2. Exploratory analysis: convergence in reduction 

behavior 
 

Beyond individual and lexical trends, we conducted a preliminary exploration of 

whether reduction behavior is shaped by interactional alignment between speakers, 

drawing on the theoretical framework of phonetic convergence (Pardo, 2013; 2006). 

Phonetic convergence refers to the phenomenon whereby interlocutors’ speech patterns 

become more similar over the course of an interaction, often interpreted as a marker of 

social affiliation or coordination. While convergence has typically been studied through 

segmental or prosodic similarity, it could also be assumed to manifest through reduction 

behavior, particularly in spontaneous dialogue. 

 

To investigate this possibility, we visualized the distribution of non-lexicalized 

reductions (NLRs) over time for each speaker in a dyad, using a custom Python script. 

These exploratory plots illustrate when and how frequently each speaker produced 

reductions during the conversation. The aim was to identify whether speakers showed 

temporal convergence, such as clustering of reduction events or parallel trajectories of 

reduction density over the interaction.  



97 
 

 
Figure 8. Each panel displays a dyad, with each detected NLR marked by a dot, orange for the 

first speaker (e.g., AB) and blue for the second (e.g., CM). The x-axis indicates the duration of the 

conversation. 
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Preliminary observations suggest variability across dyads (Figure 8). In some cases, 

speakers appeared to align in their reduction timing, producing NLRs in overlapping 

conversational windows. In other dyads, asymmetries persisted, with one speaker 

maintaining a more consistent reduction profile regardless of the partner’s behavior. 

These patterns may reflect differing degrees of interactional coordination or 

sociolinguistic accommodation. 

 

A Pearson correlation analysis revealed a significant negative correlation between 

interlocutors’ NLR rates (per minute) (r = –0.77, p = 0.026), suggesting that within dyads, 

speakers who produced more reductions tended to be paired with partners who 

produced fewer.  This preliminary observation contrasts with the expectation of phonetic 

convergence, where interlocutors’ speech patterns become more similar over time, as 

suggested by Pardo’s (2006) model. Instead, the observed divergence may reflect 

asymmetrical roles, differences in discourse functions, or speaker-specific adaptation 

strategies during spontaneous conversation. Given the small number of dyads, however, 

this result should be interpreted with caution. In future work, we plan to segment the 

conversations into temporal windows to examine whether convergence (or divergence) 

emerges progressively throughout interaction. This dynamic approach may provide 

more nuanced insight into how reduction behavior evolves over time and whether 

convergence is local, global, or absent altogether. 

 

 

 

3.3.3. Interpretation 
 

These findings underscore that frequency alone does not guarantee uniformity in 

reduction. Even among high-frequency items, the degree of reduction and its stability 

across speakers can vary widely. In the case of parce que, the significantly shorter 

durations in reduced occurrences could be explained by its phonological structure: as a 

longer sequence, parce que inherently contains more phonetic material, offering greater 

potential for reduction. The magnitude of duration difference may therefore reflect both 

its frequent use in reduced forms and the larger amount of phonetic substance available 

for compression. Nevertheless, this interpretation remains preliminary and should be 

tested on a larger set of lexical items in future work. 
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In addition to lexical and phonological factors, our exploratory analysis investigated 

whether speakers tend to align their reduction behavior with that of their interlocutors, 

an effect predicted by models of phonetic convergence (Pardo, 2006). A correlation 

analysis of NLR rates per minute between interlocutors revealed a significant negative 

relationship, suggesting that higher rates of reduction in one speaker were associated 

with lower rates in their conversational partner. While this may seem counter to 

convergence-based expectations, it points instead to asymmetrical adaptation patterns or 

role-based differences in turn-taking dynamics. These preliminary results hint at the 

complexity of interpersonal alignment in reduction behavior and warrant further 

investigation. In future work, we plan to segment conversations into temporal windows 

to analyze whether convergence (or divergence) patterns evolve over time. 

 

Taken together, these complementary findings support the chapter’s broader claim 

that phonetic reduction is shaped by the interaction of multiple factors such as frequency, 

lexical status, individual behavior, and discourse function—without being uniformly 

governed by any single variable. 

 

 

3.4. Conclusion to the chapter 
 

This chapter presented a dual-method exploration of phonetic reduction in French 

conversational speech, with a focus on distinguishing lexicalized (LR) and non-

lexicalized reductions (NLR). By combining top-down and bottom-up approaches, the 

study offers a novel methodological contribution, enabling the identification of both 

frequent, predictable reductions and more context-sensitive, speaker dependent 

phenomena. The findings confirm that LRs are relatively stable across speakers and 

largely independent of articulation rate, consistent with their lexical integration. In 

contrast, NLRs exhibited greater variability, closely tied to articulation rate and 

individual speaker characteristics, such as gender. Importantly, the main study 

challenges established assumptions about the role of frequency and informativeness in 

predicting reduction. It also brings to light the influence of phonemic, morphosyntactic, 

and contextual factors, offering a more fine-grained perspective on how reduction 

operates beyond simple articulatory economy. The methodological distinction between 
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LRs and NLRs, supported by their limited overlap, represents a key contribution, 

demonstrating the need for differentiated analytical strategies. Moreover, the successful 

use of bottom-up detection method illustrates its potential for capturing subtle reductions 

often missed in manual annotation, despite sensitivity to parameter tuning.  

 

The complementary analysis further enriches this typology by showing that even 

among high-frequency discourse markers, reduction is not uniformly patterned. 

Duration-based comparisons on three lexicalized items confirmed that lexicalized 

reduction can manifest without significant temporal compression. The significant inverse 

correlation observed between interlocutors’ reduction rates suggests that interactional 

roles or speaker-specific strategies may mediate reduction alignment, inviting a closer 

examination of dynamic patterns over the course of dialogue. 

 

Overall, this chapter advances the understanding of phonetic reduction by showing 

that it is not merely a mechanical outcome of fast speech or lexical frequency but rather a 

complex process shaped by lexical status, prosodic structure, and communicative 

context. These insights lay the groundwork for refining detection tools and expanding 

research into reduction patterns across different dialects and interactional settings. 

 

Building on these contributions, the next chapter shifts the focus from categorical 

distinctions to continuous articulatory dynamics, examining how articulation rate affects 

vowel space characteristics and contributes to the occurrence of NLRs. This approach 

aims to offer a more detailed account of how speech tempo leads to formant undershoot 

and, ultimately, increases reduction probability, thus deepening our understanding of 

temporal influences on segmental realization. 
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Chapter 4– Reduction and vowel space 

characteristics 

4.1. Introduction 
 

This chapter aims to investigate the intricate relationship between vowel space 

properties and non-lexicalized reductions in spontaneous French speech. The central 

hypothesis posits that a reduced vowel system, marked by a shift from clearer, more 

distinct articulatory patterns towards more centralized and less distinct sounds, would 

correlate with higher rates of non-lexicalized reductions. Specifically, it is hypothesized 

that speakers with smaller vowel spaces, characterized by formant undershoot and less 

distinct vowel quality, would exhibit more frequent instances of temporal compression 

in their speech sequences. These reductions are typically manifested in the form of shorter 

segment durations, which often result in degraded F1 and F2 values, further contributing 

to the contraction of the vowel space and a reduction in vowel distinctiveness. 

 

The relevance of this chapter lies in its potential to clarify the dynamic relationship 

between articulation rate, vowel space, and reduction patterns in speech. This chapter 

examines how speech rate affects the size and distinctiveness of the vowel space. In doing 

so, it offers insights into the articulation of temporally compressed speech. This is crucial 

for understanding phonetic reduction not as an isolated phenomenon, but as a result of 

underlying temporal and articulatory dynamics. Articulation rate also serves as a 

predictor of NLR, emphasizing the broader implications of speech tempo on phonetic 

reduction. This aligns with theories such as the Hyper- and Hypo-speech (Lindblom, 

1990) framework, which propose that faster speech compromises articulatory precision 

and leads to reduced vowel clarity. 

 

This investigation also highlights the variability of vowel systems within a 

spontaneous conversational context, using the CID dataset. Given that spontaneous 
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speech tends to prioritize communicative efficiency and naturalness over precise 

articulation, it serves as an ideal setting for studying reduction patterns. Moreover, the 

study aims to shed light on the complex interaction of speaker-specific articulatory habits, 

suggesting that individual differences contribute significantly to reduction patterns. 

These insights are crucial for a deeper understanding of phonetic reduction in naturalistic 

speech settings, and have implications for both theoretical phonetics and practical 

applications in speech processing. 

 

This chapter presents the primary analysis reported in a peer reviewed conference 

publication (Bodur et al., 2025), along with additional findings not included in the 

original paper. These supplementary analyses provide important descriptive and 

comparative insights into vowel realization in spontaneous speech, offering a more 

nuanced perspective on how temporal and articulatory factors contribute to reduction. 

The chapter is therefore organized in three sections: (1) an overview of the vowels 

extracted from the corpus, (2) the main study as presented in the conference paper, and 

(3) supplementary analyses that extend and contextualize the core findings. These 

include an investigation of the Formant Centralization Ratio (FCR; Sapir et al., 2010), 

proposed as a relevant and complementary measure of reduction, and  a comparison of 

the acoustic metrics used in the main study with those derived from more controlled 

speech contexts. 

 

 

4.1.1. Overview of extracted vowels in the CID  
 

Vowels in the CID corpus were extracted using a custom Praat script developed and 

described by Gendrot & Adda-Decker (2005). For each vowel token, the script extracts 

formant values at three temporal points: the onset, midpoint, and offset. Only the average 

of these three values will be used for the analyses in the subsequent sections. A total of 

113.296 vowel instances were identified. To eliminate extreme outliers based on duration, 

only vowels with durations between 30 and 400ms were retained, yielding a filtered 

dataset of 112.346 vowels. Table 5 represents the number of extracted vowels for each 

vowel category. 
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Vowel e a i ø o y u 

Count 38173 28031 13946 12076 7907 6910 5303 

Table 5. The distribution of vowel categories detected in the CID dataset. 

 

 

Lobanov normalization (Lobanov, 1971) was applied to account for speaker-specific 

anatomical differences in vowel formant frequencies, thereby enabling more meaningful 

comparisons across speakers. This z-score–based method standardizes formant values 

within each speaker, reducing variability due to vocal tract size while preserving relative 

vowel distinctions.  

 

The overall mean F1 across the CID corpus was 322.2 Hz (SD = 33 Hz), and the mean 

F2 was 1448.7 Hz (SD = 164.2 Hz), reflecting the general acoustic characteristics of the 

extracted vowel tokens. Table 6 presents the mean F1 and F2 values (in Hz), calculated 

separately for male and female speakers across each vowel category, to account for 

gender-based differences in vowel articulation. Table 7 summarizes the mean durations 

and standard deviations for each vowel category, offering a detailed overview of the 

temporal distribution of vowels in the corpus. These acoustic measurements form the 

basis for the vowel space-based metrics used in the main study. 

 

 

 a e i o ø u y 

F1male 334 318 314 321 316 317 329 

F2male 1374 1512 1609 1240 1392 1281 1531 

F1female 342 319 308 318 314 313 312 

F2female 1385 1524 1571 1250 1405 1254 1503 

 

Table 6. Mean F1 and F2 values (in Hz) for the extracted vowels, separated by male and 

female speakers from the CID dataset. 

 

 

Vowel a e i u y o ø 

Mean duration (ms) 78 80 74 73 62 72 67 

Standard deviation (ms) 50 57 52 54 44 48 53 

Table 7. Mean durations (in ms) obtained for each vowel category in the CID as well as the 

standard deviations. 
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4.2. Article: Speech Reduction in French: The 

Relationship Between Vowel Space and 

Articulation Dynamics  

 

 

 

 

 

This chapter is based on the following conference paper:  

 

 

Bodur, K., Fredouille, C., & Meunier, C. (2025). Speech reduction in French: The 

relationship between vowel space and articulation dynamics. In Proceedings of Interspeech 

2025, 17-21 August 2025, Rotterdam, Netherlands. 
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Abstract
Reduction is an inherent characteristic of conversations, re-

flecting the dynamic adaptability of language. This study ex-
amined the link between vowel space and non-lexicalized re-
ductions (NLR) in spontaneous French speech. The hypoth-
esis posited that speakers with smaller vowel spaces —indi-
cating centralized, less distinct vowels— would produce more
NLR, defined as temporally compressed speech zones. Results
showed that smaller vowel space (pVSA) predicted greater NLR
only when articulation rate was considered, highlighting an in-
teraction between spatial and temporal speech dynamics. Ar-
ticulation rate was the strongest predictor, supporting theories
that link faster speech to reduced articulatory precision. Vowel
Distinctiveness Index (VDI) did not significantly predict NLR,
suggesting it reflects broader systemic patterns rather than local
reductions. These findings emphasized the interplay of tempo-
ral dynamics and individual articulation strategies in shaping
reduction in speech.
Index Terms: speech reduction, vowel space area, vowel dis-
tinctiveness, spontaneous speech

1. Introduction
Spoken language is inherently shaped by variability in the
speech signal, which arises from the continuous adaptation of
speech production to contextual demands [1]. A key manifes-
tation of this variability is speech reduction, where articulatory
effort is minimized, often leading to shorter durations and less
precise articulation. This process, particularly prominent in
conversational speech, affects vowels significantly by altering
their spectral and temporal characteristics [2].

Reduction can affect phonemes, syllables, and even entire
words, resulting in diminished acoustic and phonetic substance
[3] while still allowing a smooth interaction between speakers
and listeners. Reduction often manifests as vowel centraliza-
tion, resulting in smaller vowel space areas and less distinct
vowel categories [4; 5]. Such centralization arises from formant
undershoot during shorter vowel durations, which limits artic-
ulators from reaching vowel-specific acoustic targets. These
changes can be observed as compressed F1 x F2 spaces, with
deviations from prototypical vowel qualities [6; 7]. Factors such
as speaking style, prosody, word frequency, and speech rate am-
plify these effects [8; 9; 10], making vowel space reduction a
multifaceted phenomenon.

In spontaneous speech, reduction is not limited to vowels
but occurs across various linguistic levels. Therefore, we pro-
pose a distinction between lexicalized and non-lexicalized re-
ductions. Lexicalized reductions, such as regular examples in
French like “je ne sais pas” [Z@ n@ sE pa] reduced to [SEpa] or
[Spa], and ”je suis” [Z@ s4i] often produced as [S4i], have been

more extensively studied due to their consistency and repro-
ducibility across speakers and contexts as they involve fixed and
predictable forms. Examples in English include ”going to” pro-
nounced as [gAn@] and ”don’t know” produced as [d@noU].

However, a substantial number of reductions do not con-
form to specific lexical representations and are barely percep-
tible to listeners. These non-lexicalized reductions involve
temporally compressed segments and lack stable or consis-
tent forms across speakers and contexts. They are context-
dependent, and significantly influenced by articulation rate,
morphosyntactic structure, or prosodic patterns [11]. These
reductions frequently obscure individual segments, compress-
ing phonemes into shorter intervals while still enabling listener
comprehension through contextual cues. For instance, the non-
lexicalized sequence “J’ai l’impression, je crois qu’il” (I have
the impression, I believe that he..) is produced as a temporally
reduced stretch [ZElẼpKEsjOZkKwaki] where 17 phonemes are
compressed into a 537ms window1, making it difficult to isolate
as a sequence of discrete units (Figure 1). Such reductions re-
flect complex articulatory motor patterns where speakers econ-
omize effort while still providing sufficient material for listener
comprehension.

Figure 1: An example of a non-lexicalized reduction: reduced
sequence (top tier), segments corresponding to the sequence
“j’ai l’impression je crois qu’il” [ZElẼpKEsjÕZ@kKwaki], (sec-
ond), and the involved tokens (bottom). The sequence is made
up of 17 phonemes produced in 537ms.

This study examines the relationship between vowel space
properties and non-lexicalized reductions. Specifically, it ex-
plores whether speakers with smaller vowel space areas (mea-
sured by pVSA) and lower vowel distinctiveness (measured as
VDI) —both indicative of greater reduction— are more prone
to produce non-lexicalized reductions characterized by tempo-
rally compressed segments, where vowel shortening is hypoth-
esized to cause formant undershoot and reduced vowel spaces

1This sequence, along with other audio-visual examples of reduc-
tions, will be available in a repository upon acceptance.
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[4]. Articulation rate, as a potential modulator of both pVSA
and VDI, is also considered. By investigating these metrics,
this study seeks to clarify the interplay between vowel reduction
and non-lexicalized speech patterns, offering insights into how
individual variability in vowel systems shapes broader phonetic
and linguistic processes. Additionally, the bottom-up approach
for detecting perceptually subtle, temporally compressed reduc-
tions helps expand the scope of reduction analysis.

2. Method and Materials
2.1. Dataset

The Corpus of Interactional Data2 [12] was used to extract vow-
els and reductions. The dataset includes eight one-hour audio-
visual recordings of conversations between same-gender pairs
of colleagues (10 females, 6 males; M = 34 years), totaling
eight hours of interaction. All participants were native French
speakers. The corpus includes comprehensive multimodal an-
notations across linguistic levels, such as gestures, prosody,
syntax, and phonetics. The aligner used for segmentation iden-
tifies only seven macro-classes of oral vowels, without distin-
guishing between mid-closed and mid-open variants. These
macro-classes are represented as a, e [e, E], o [o, O], ø [ø, œ, @],
u, y, and i,3, reflected in the corpus’ phonetic annotations. For
this study, we used an improved version (v3) of the phonetic an-
notations. This version includes better phoneme alignment with
the help of SPPAS [13] and additional manual corrections.

2.2. Vowel Extraction

Our analysis focuses exclusively on French oral vowels, exclud-
ing nasal vowels. Vowel properties of the CID were extracted
using the Praat script described in [9]. For each vowel, the script
computed formant values at three points: start, middle, and end.
Only the mean formant values across these points were used for
the analysis. The script identified 113,296 oral vowels in the
corpus. Following the application of a duration filter to retain
only vowels with durations between 30 and 400ms (as such du-
rations are unlikely to reflect meaningful linguistic reductions)
a subset of 112,346 vowels were selected for analysis, of which
6373 were found in the detected reduced sequences.
Lobanov normalization, performed with the norm.Lobanov
function from the ”vowels” package [14], was applied to con-
trol for speaker variability and enable consistent inter-speaker
comparisons. This method, chosen for its sensitivity to individ-
ual differences, ensures reliable metrics derived from normal-
ized acoustic values.

2.3. Acoustic Metrics

pVSA. Vowel Space Area is a phonetic measure that quanti-
fies the articulatory space occupied by vowels produced by a
speaker. It reflects the dispersion and distinctiveness of vowel
sounds, providing insights into a speaker’s articulatory and pho-
netic characteristics. Vowel space area might be influenced by
factors such as speaker anatomy [15], language and dialect [16],
speaking style [17], age, gender [18], and speech rate [19]. The
Pentagonal Vowel Space Area (pVSA) was computed based on
five corner vowels /a, e, i, u, o/ (after the duration filter, a to-

2The corpus, along with annotations, is freely accessible un-
der open licenses and is available on the ”Ortolang” repository:
https://hdl.handle.net/11403/ortolang-000722/v1

3Detailed information regarding phonetic annotation and automatic
alignment can be found in [12].

tal of 93.361 corner vowels were identified in the CID). The
detailed formula4 used to compute the pVSA can be found in
[20]5. Smaller pVSA values indicate reduced vowel spaces,
which we hypothesize to be correlated with higher rates of non-
lexicalized reductions.

VDI. Vowel distinctiveness index refers to the clarity and sep-
arability of vowel sounds, influenced by formant frequencies,
vowel duration, and coarticulatory effects. While acoustic cues
are essential, speaker-related factors such as dialect, accent and
speech rate contribute substantially to distinctiveness. The VDI
as described by [22] is based on the ratio of the overall vowel
space to the dispersion of each vowel category, where disper-
sion is measured in terms of mean Euclidean distances between
the vowel/system centers and their periphery. It reflects the rela-
tionship between vowel space size and category dispersion, with
higher values indicating hyper-articulated speech and lower val-
ues suggesting hypo-articulation. The VDI scores of speakers
were computed following the formula6 detailed in [23].

Articulation Rate. Articulation rates, calculated as the num-
ber of phonemes produced per second (excluding pauses), were
extracted by Chardenon and colleagues [24] for the speakers in
CID.

2.4. Detecting Reductions

Temporally and phonemically reduced zones were identified us-
ing a bottom-up detection approach. A custom script 7 detected
sequences containing at least 6 phonemes in a 230ms sliding
window. Processing phoneme alignment files with temporal
boundaries, the script counts phonemes from each onset. Once
at least six phonemes are identified within the window, the se-
quence is recorded by shifting one phoneme, and the script goes
on to search for the following 230ms window. If the threshold
(6 phonemes) is exceeded, the window expands to include addi-
tional phonemes until the phoneme count in the sliding 230ms
window falls below the threshold. The 230 ms window was se-
lected after testing smaller sizes (e.g., 180ms, 200ms), which
failed to provide a sufficient number of sequences for a reliable
analysis.

A total of 956 highly reduced sequences were identified,
corresponding to 2.1% of all phonemes in the CID (6,351
phonemes out of 297,703). Speaker reduction ratios (NLR%)
were calculated as the proportion of phonemes in reduced
sequences relative to the total phonemes produced by each
speaker.

4The index i represents the position of a vowel in the ordered se-
quence of vowel categories used to define the vocalic pentagon.

5convexHullArea and VowelMeansPolygonArea functions from
”phonR” package [21] were also computed to provide information re-
garding vowel space area. Both provided compatible results with our
pVSA values.

6‘v’ refers to vowels (exemplar), ‘V’ refers to a vowel category while
‘S’ refers to the vowel system.

7To preserve anonymity, the detection script’s source code will be
available on GitHub upon acceptance.
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Group Male Female
Speaker AG AP EB LJ SR YM AB AC BX CM IM LL MB MG ML NH
pVSA 2722 5976 1561 4715 3742 1190 6430 2846 3550 2665 6486 5724 7178 9337 4321 7810
VDI 1,15 1,17 0,85 1,11 1,3 0,8 1,22 0,90 0,73 0,90 0,98 0,60 1,07 1,02 0,99 0,78
NLR 94 87 215 45 20 45 41 79 64 46 15 7 47 48 63 41

NLR% 3,7 2,7 5,5 1,3 0,9 1,6 1,7 3,3 2,7 1,6 0,5 0,6 1,4 1,6 2,6 1,6
Art.Rate 13,1 13,26 14,4 11,45 11,19 12,17 11,9 13,08 13,42 12,16 11,87 11,08 12,37 13,18 12,33 13,31

Table 1: Values for individual speakers, including pentagonal vowel space area (pVSA), vowel distinctiveness index (VDI), counts and
ratios of non-lexicalized reduction sequences (NLR and NLR%), and articulation rates measured in phonemes per second.

3. Results
This section presents the pVSA and VDI values, followed by
an analysis of the interaction between vowel space metrics and
speakers’ reductions. Individual values of pVSA, VDI and non-
lexicalized reductions ratios (NLR%) are reported in Table 1.

The mean pVSA value was 5635 (SD = 2233, range :
2665 − 9337) for female speakers and 3318 (SD =
1853, range : 1190 − 5976) for male speakers. The mean
VDI was 0.92 (SD = 0.18, range : 0.6 − 1.2) for fe-
male speakers and 1.05 (SD = 0.2, range : 0.8 − 1.3) for
male speakers. While no significant difference was found in
VDI values between genders (Welch′st − test : t(9.66) =
−1.30, p = 0.222), pVSA values were significantly higher for
female speakers (t(12.31) = 2.24, p = 0.044).

A Bayesian linear regression model was fitted to investigate
the relationship between NLR and two predictor variables pVSA
and VDI. The model also included random intercepts based on
the variable gender to account for possible inter-speaker varia-
tion that might arise from gender differences in reduction pat-
terns (NLR ∼ pV SA+V DI+(1|gender)). Detailed results
are presented in Table 2.

Parameter Est SE 95% CI ESS Rhat
Intercept 2.08 0.81 [0.26, 3.95] 288 1.02
pVSA -0.63 0.41 [-1.49, 0.16] 1417 1.00
VDI 0.06 0.39 [-0.71, 0.87] 1428 1.00
sd(Intercept) (gender) 1.09 1.09 [0.03, 3.99] 658 1.00
sigma 1.33 0.29 [0.89, 2.03] 1403 1.00

Table 2: Summary of Model 1 showing estimates (EST), stan-
dard errors (SE), 95% credible intervals, effective sample size
(ESS: Bulk), and convergence diagnostic (Rhat). Includes mul-
tilevel hyperparameters for gender and residual standard devi-
ation.

The standard deviation of the random intercept for gender
was 1.09, indicating moderate variability in NLR between the
two gender groups. The fixed-effect intercept, which represents
the average NLR when predictors are centered and gender vari-
ability is accounted for, was estimated at 2.08 (Est.Error =
0.81). The pVSA coefficient showed a negative association
with NLR (Estimate = −0.63), though the credible interval
included zero, suggesting the effect is not statistically signif-
icant. The VDI parameter showed a small, positive, but non
significant effect (Estimate = 0.06). The residual variabil-
ity (sigma) was estimated at 1.33, suggesting additional unex-
plained variation in NLR. All parameters exhibited good con-
vergence (R̂ values close to 1) and sufficient effective sample
sizes (Bulk ESSandTail ESS > 1000), ensuring robust
posterior estimates. These results indicate that the predictors
pVSA and VDI did not exhibit strong evidence of NLR.

Given that the primary predictors (pVSA and VDI) did
not demonstrate significant effects, a follow-up model was

fitted to further investigate these relationships. This revised
model introduced articulation rate as another predictor variable,
while keeping the random effect of gender constant (NLR ∼
pV SA + V DI + articulation + (1|gender)), to explore
whether articulation rate adds explanatory power to the fre-
quency of NLR.

In Model 2, articulation as a fixed effect significantly im-
proved the model, showing a positive and significant relation-
ship with NLR (Estimate = 1.12, CI = [0.76, 1.46]). This
suggests that higher articulation rate is strongly linked to in-
creased NLR. A negative association was found between pVSA
and NLR (−0.59), suggesting that smaller vowel spaces might
correspond to higher NLR values. In contrast, VDI (0.25) had
a small and non-significant positive effect, indicating no signifi-
cant influence on NLR. The Intercept was estimated at −11.86,
indicating a low baseline NLR, but this effect is also accompa-
nied by substantial uncertainty (95%CI : [−16.35,−7.53]).
The variability due to gender (sd(Intercept)) (0.79) reflected
variability between male and female speakers in NLR. The ad-
dition of articulation led to a reduction in the random intercept
variability for gender, suggesting that articulation may account
for some of the variability previously attributed to gender. Addi-
tionally, the residual standard deviation (sigma) decreases from
1.33 in Model 1 to 0.59 in Model 2 (see Table 3), reflecting an
improved fit of the model with articulation included.

Parameter Est SE 95% CI ESS Rhat
Intercept -11.86 2.27 [-16.35, -7.53] 1178 1.00
pVSA -0.59 0.19 [-0.98, -0.24] 577 1.01
VDI 0.25 0.18 [-0.13, 0.58] 1253 1.00
Articulation 1.12 0.17 [0.76, 1.46] 1518 1.01
sd(Intercept) (gender) 0.79 0.84 [0.02, 2.89] 328 1.01
sigma 0.59 0.15 [0.39, 0.96] 325 1.02

Table 3: Summary of Model 2 showing estimates (EST), stan-
dard errors (SE), 95% CI, effective sample size (ESS: Bulk)
and convergence diagnostic (Rhat) for the relationship between
NLR and predictor variables (pVSA, VDI, articulation).

Finally, a third Bayesian regression model was fitted to in-
corporate interaction terms between articulation, pVSA, and
VDI, to see how articulation might influence the relationship
between vowel space area (pVSA) and distinctiveness (VDI)
in shaping NLR (NLR ∼ pV SA ∗ articulation + V DI ∗
articulation + (1|gender). The articulation variable re-
mained a significant positive predictor of NLR in this model
(Estimate = 1.08, 95%CI[0.78, 1.37]). Interestingly, the
pVSA showed a significant positive main effect (Estimate =
4.72), but its interaction with articulation (pVSA:articulation)
has a small but significant negative effect on NLR (−0.41).
This suggests that the effect of pVSA on NLR decreases as
articulation rate increases. The main effect of VDI was neg-
ative but non-significant (Estimate = −1.50), and its inter-
action with articulation (articulation:VDI) was small and non-
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significant (Estimate = 0.15, 95%CI : [−0.13, 0.42]).
This indicates that VDI contributed only minimally to explain-
ing NLR variation. The intercept was estimated at −11.51
(95%CI : −15.53,−7.58), indicating that when all predictors
are at their mean, the baseline NLR is negative. The random
effect of gender (sd(Intercept)) (0.81) indicated some variabil-
ity across genders, while the residual error (sigma) (0.46) sug-
gested good model fit. This value decreased from 0.59 in Model
2 to 0.46 in Model 3, indicating that the addition of interaction
terms improved the overall model fit. Overall, this model sug-
gests that articulation is consistently the strongest predictor of
NLR. While pVSA has a significant positive effect, its interac-
tion with articulation reduces its impact.

Parameter Est SE 95% CI ESS Rhat
Intercept -11.51 1.99 [-15.53, -7.58] 1982 1.00
pVSA 4.72 2.12 [0.41, 8.78] 1641 1.00
Articulation 1.08 0.15 [0.78, 1.37] 2240 1.00
VDI -1.50 1.64 [-4.83, 1.79] 2033 1.01
pVSA:Articulation -0.41 0.16 [-0.73, -0.08] 1642 1.00
Articulation:VDI 0.15 0.14 [-0.13, 0.42] 2028 1.01
sd(Intercept) (gender) 0.81 1.00 [0.02, 3.66] 814 1.01
sigma 0.46 0.14 [0.28, 0.81] 697 1.00

Table 4: Summary of the Model 3 with articulation as an inter-
action term, summarizing estimates for fixed effects, interaction
terms, and random effects predicting NLR. Includes estimates,
standard errors (SE), 95% confidence intervals (CI), effective
sample size (ESS: Bulk) and Rhat values.

4. Discussion
This study investigated the relationship between vowel space
properties and non-lexicalized reductions, hypothesizing that a
reduced vowel system —characterized by a shift from clearer,
distinct articulatory patterns towards more centralized and less
distinct sounds, reflected in a smaller vowel space— would cor-
respond to higher rates of non-lexicalized reductions. These
reductions, identified as temporally compressed sequences of
segments within the speech flow, were expected to be more fre-
quent among speakers with smaller, less distinct vowel spaces.
This prediction stemmed from the observation that shorter du-
rations —typical of segments in non-lexicalized sequences—
tend to result in degraded F1 and F2 values, further contributing
to reduced vowel space size and distinctiveness. Additionally,
articulation rate was considered as a key factor shaping this re-
lationship, offering a dynamic view of how vowel space prop-
erties interact with speech patterns.

To test these hypotheses, the CID dataset was chosen for
its familiar and spontaneous conversational context, which is
thought to encourage speakers to prioritize communicative ef-
ficiency and naturalness over articulatory precision. Such a
setting fosters greater speech variability and more frequent in-
stances of reduction compared to read or controlled speech
[25]. In this dataset, reduction rates and acoustic metrics re-
vealed notable variability among speakers. Interestingly, some
speakers exhibited large vowel systems with low distinctive-
ness (e.g., NH; pV SA : 7810, V DI : 0, 8) while others dis-
played relatively small vowel spaces with high distinctiveness
(e.g., SR; pV SA : 3742, V DI : 1, 3). A post-hoc correlation
test found no significant relationship between pVSA and VDI
values (p = 0.48), indicating that vowel systems can vary in
structure independently of overall distinctiveness.

Our findings highlight articulation rate as the strongest pre-
dictor of NLR across models, emphasizing the role of speech

tempo in driving reductions. This aligns with the Hyper- and
Hypo-speech framework [1], which posits that increased speech
rate compromises articulatory precision, leading to formant un-
dershoot and thus reduction in speech. Consistent with [26]
and [27], this study underscores the strong relationship between
temporal dynamics and vowel reduction. On the other hand,
[28] found that while average vowel space size does not sig-
nificantly differ between high and low speech rates, slow talk-
ers exhibit greater inter-speaker variability and generally larger
vowel spaces. This adds to how individual articulatory behavior
—beyond articulation rate alone— may contribute to reduction
patterns, underscoring the interaction of speaker-specific factors
in shaping reduction phenomena.

Regarding pVSA, our findings demonstrate that smaller
vowel space areas predict greater NLR, but only when articu-
lation rate is taken into account in the model. This suggests that
the impact of vowel space size on NLR is not static; instead,
it interacts with speakers’ temporal dynamics to shape reduc-
tion patterns. At slower articulation rates, smaller pVSA likely
reflects biomechanical constraints, leading to reductions via re-
duced clarity of vowel articulation. However, at faster rates,
reductions are dominated by the temporal compression itself.
This finding extends the work of Perkell et al. [29], who argued
that vowel space area reflects both cognitive and physical con-
straints in speech production which are modulated by temporal
demands. By showing that pVSA’s significance is contingent
on articulation, these results extend prior research by highlight-
ing the interaction between spatial and temporal dimensions of
vowel production.

VDI, as a measure of vowel system dispersion relative to
vowel category dispersion, did not consistently emerge as a sig-
nificant predictor of NLR. As a theoretically robust index, VDI
reflects the ratio of global vowel system variability to local cat-
egory variability, providing insight into how distinct vowel cat-
egories are relative to the overall system. One explanation for
its limited predictive power in this study may relate to the scope
of NLR as a phenomenon. While NLR might reflect temporal
compression and formant undershoot, VDI’s theoretical under-
pinnings may be more sensitive to broader systemic patterns of
vowel articulation rather than local reductions. Additionally, its
relationship with NLR may depend on unmeasured factors such
as phonological environment or individual speaking strategies.
These results suggest that vowel distinctiveness might interact
with other contextual variables to shape reduction.

Notably, gender effects diminished when articulation rate
and vowel space measures were included in the model, sug-
gesting that previously observed gender differences in reduc-
tion may be better explained by articulatory dynamics rather
than inherent gender-based speech patterns. This aligns with
previous research [30; 31], which emphasizes articulation rate
and biomechanical constraints over categorical gender effects.
This study reinforces the central role of articulation rate in non-
lexicalized reductions, with vowel space size influencing re-
duction only when considered alongside speech tempo. These
findings highlight the interaction between spatial and temporal
aspects of speech rather than a direct effect of vowel distinc-
tiveness on reduction patterns. Future studies should explore
these metrics and their relationships with reduction behavior in
larger, more diverse datasets to account for variability across
languages, dialects, or speech contexts. Additionally, while
this study considered articulation rate, other factors —such as
cognitive load, task difficulty, and social influences— may also
shape vowel reduction patterns and should be incorporated into
future models.
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du système vocalique des locuteurs,” in 32èmes Journées
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4.3. Complementary analyses: Enriching the 

understanding of vowel reduction dynamics 

 

 
While the main study establishes a robust link between articulation rate and vowel 

space reduction, several additional analyses were conducted during the research project 

that might offer broader insights into the structure of the CID vowel system and 

reduction patterns. These complementary analyses, presented below, aim to address 

limitations of the article format and strengthen the empirical foundation of this chapter’s 

core claims. This section presents (i) visualizations of vowel space areas, (ii) an analysis 

of the relationship between the Formant Centralization Ratio (FCR) and non-lexicalized 

reductions, and (iii) a comparison of acoustic metrics across controlled and 

conversational speech contexts. 

 

 

4.3.1. Visualizing vowel space areas 
 

To illustrate the variability between the vowel space size and structure across speakers, 

vowel space plots were generated, first grouped by gender, and then by individual 

speaker. These visualizations provide an intuitive and informative way to assess 

articulatory variation, complementing quantitative metrics like the pentagonal Vowel 

Space Area (pVSA). Plotting vowel space areas enables direct visual comparisons of 

articulatory range, highlighting patterns that may not be immediately apparent through 

numerical summaries alone (Bradlow et al., 1996; van Son et al., 2018). 

 

To support the main analysis, vowel space plots were generated using the five French 

corner vowels /a, e, i, u, o/, which also served as the basis for calculating the pVSA values. 

Focusing on these corner vowels ensures comparability across speakers and follows 

established practice for capturing the articulatory  boundaries of vowel systems (e.g., 

Bradlow et al., 1996). 
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Figure 9. Vowel space plots for female (left) and male (right) speakers in the CID corpus. Each 

point represents a vowel token, color-coded by vowel category (a (orange), e (yellow), i (green), o 

(blue), u (pink)). Centroids indicate the mean F1 and F2 values per vowel category across all 

speakers of each gender. 

 

 

For each plot, mean F1 and F2 values were calculated per vowel, either across all male 

and female speakers or within each speaker individually. The data were plotted in F1–F2 

space using the ggplot2 package in R, with vowel tokens shown as semi-transparent color-

coded points and mean values overlaid as labeled centroids. Standard phonetic 

conventions were followed by reversing both axes, and plots were faceted by gender or 

speaker to facilitate side-by-side comparison. While the gender-based plots (Figure 9) 

provide a broad view of sex-related differences in articulatory space, the speaker-specific 

plots (Figure 10) offer a more fine-grained view of individual variation. Together, these 

visualizations enhance the interpretation of the acoustic data and support the broader 

goal of understanding how vowel articulation varies across speakers and contexts in 

spontaneous speech. 
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Figure 10. Speaker-level vowel space visualizations across the CID corpus. Each subplot shows 

a speaker’s articulation of the five corner vowels, with color-coded points for individual tokens 

and mean formant values labeled at vowel centroids. 
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4.3.2. Formant centralization ratio (FCR): 

adaptation for French 
 

Formant centralization refers to the tendency for vowel formant frequencies to 

converge toward a more neutral or centralized position within the vowel space. This 

phenomenon typically occurs in casual or rapid speech, resulting in reduced acoustic 

contrast between vowel categories. Seminal work by Peterson and Lehiste (1960) and 

Lindblom (1963) identified formant centralization as a hallmark of vowel reduction 

processes in connected speech, reflecting articulatory undershoot or decreased effort. 

Centralized vowels, being acoustically less distinct, contribute to a reduced vowel space 

and diminished vowel distinctiveness in conversational contexts.  

 

Sapir and colleagues (Sapir et al., 2010) introduced the Formant Centralization Ratio 

(FCR), an acoustic measure designed to quantify the degree of vowel centralization more 

precisely. Originally developed for assessing dysarthric speech, the FCR captures vowel 

space reduction by comparing specific formant distances, making it a robust metric for 

studying both pathological and typical speech patterns. Incorporating measures like the 

FCR allows for a nuanced understanding of how articulatory characteristics influence 

speech clarity and reduction phenomena. 

 

To quantify formant centralization within the present study, the vowel formant 

centralization ratio adapted for French (aFCR; (Audibert & Fougeron, 2012)) was 

employed. The aFCR provides a numeric estimate of system-level vowel compression by 

comparing formants that are expected to increase under centralization with those 

expected to decrease. Specifically, it captures articulatory undershoot effects, where 

vowels with typically extreme formant values (high or low) shift toward more centralized 

values (Sapir et al., 2010). The aFCR is considered sensitive to subtle articulatory 

variations such as those observed in clinical (Fletcher et al., 2017) or aging populations 

(Albuquerque et al., 2023), while remaining relatively robust to inter-speaker variability. 

It is calculated using the formant frequencies of the five peripheral vowels /i/, /e/, /a/, /o/, 

/u/, as follows: 
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𝐹2𝑢 + 𝐹1𝑖 + 𝐹1𝑢 + 𝐹2𝑜

(𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 𝑓𝑜𝑟𝑚𝑎𝑛𝑡 𝑣𝑎𝑙𝑢𝑒𝑠)
𝐹2𝑖 + 𝐹1𝑎 + 𝐹2𝑒

(𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 𝑓𝑜𝑟𝑚𝑎𝑛𝑡 𝑣𝑎𝑙𝑢𝑒𝑠)

 

 

Equation 1. The formula for computing the Formant Centralization Ratio adapted for French. 

 

 

A lower aFCR suggests greater distinctiveness between vowels, indicating clearer 

articulation. Conversely, a higher aFCR reflects a more centralized, compressed vowel 

system with less separation between vowel categories. In our dataset, the mean aFCR 

score was 0.91 (SD = 0.02), with no significant difference between female and male 

speakers (t = 0.03, p = 0.97). 

 

To examine the potential relationship between vowel centralization and non-

lexicalized reductions, we conducted a Bayesian linear regression predicting NLR ratios 

from aFCR. The effect of aFCR was highly uncertain (Estimate= 5.86, 95% CI [-14.99, 

26.97]), with the credible interval including zero, suggesting little evidence for a reliable 

association between aFCR and NLR.  

 

We then tested whether this relationship was modulated by articulation rate by fitting 

a second Bayesian regression model with an interaction term (aFCR × articulation rate). 

The results again provided no clear evidence for an effect of articulation rate on NLR 

(Estimate = −11.14, 95% CI [−33.41, 11.61]), nor for a significant interaction (Estimate = 13.37, 

95% CI [−11.24, 37.65]). The main effect of aFCR also remained non-significant in this 

model (Estimate = −159.35, 95% CI [−459.81, 138.12]).  

 

To further explore the articulatory underpinnings of vowel formant centralization 

(aFCR), we examined its relationship to two key measures: pentagonal vowel space area 

(pVSA) and vowel distinctiveness index (VDI). A moderate negative correlation was 

found between aFCR and pVSA (r = −0.56, p = .023, 95% CI [−0.83, −0.09]), suggesting that 

greater vowel centralization is associated with reduced vowel space area. This aligns with 

theoretical expectations, as a compressed vowel space reflects convergence of formant 

frequencies, which is captured by both aFCR and pVSA. More strongly, aFCR was highly 

negatively correlated with VDI (r = −0.87, p < .001, 95% CI [−0.95, −0.66]), indicating that 
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speakers with higher centralization ratios produced vowels that were less distinct from 

the central prototype. This finding supports the interpretation of aFCR as a robust marker 

of articulatory compression, with clear acoustic consequences for vowel dispersion. 

 

While aFCR demonstrated robust relationships with articulatory structure as 

evidenced by its significant negative correlations with both vowel space area and vowel 

distinctiveness, it did not show a reliable association with reduction ratios (NLR%) in the 

current dataset. Additionally, no interaction with articulation rate was observed. 

 

This lack of a direct link between aFCR and NLR does not undermine the validity of 

aFCR as a centralization measure; rather, it suggests that centralization and temporal 

reduction may reflect partially distinct aspects of speech production, or that the 

relationship between them may be more nuanced and influenced by other mediating 

factors. Together, these results highlight the importance of using multiple 

complementary articulatory and temporal measures when characterizing speech 

variability, and they contribute to a more fine-grained understanding of how vowel 

centralization relates to prosodic and temporal structure. 

 

The preceding analyses focused on vowel formant centralization and its relation to 

vowel space structure and reduction in spontaneous conversational speech. While these 

findings offered valuable insight into the articulatory and acoustic patterns emerging in 

naturalistic conditions, speech production can vary considerably depending on task 

demands and context. To further contextualize the observed effects and to better 

understand how measures such as pVSA and VDI behave under more constrained 

articulatory settings, we next turn to speech produced in controlled conditions. 

Specifically, we examine a subset of speakers from the CID corpus who participated in 

both spontaneous and read-speech tasks. This comparison allows us to assess the extent 

to which vowel system characteristics observed in conversational speech persist or shift 

in more deliberate, carefully articulated contexts. 
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4.3.3. Comparison with controlled speech 

contexts 
 

To complement the findings from conversational speech and assess vowel space 

measures across speaking styles, we examined vowel productions from a subset of CID 

speakers in a separate, controlled speech corpus (Meunier et al., 2003). This dataset 

includes three speakers (two female, one male: AC, LJ, and MB) who were also part of 

the main study and provides recordings under three distinct conditions: isolated vowels, 

monosyllabic words, and a monosyllabic text. By comparing vowel space metrics across 

these controlled tasks and conversational speech, we aimed to evaluate how articulatory 

precision and reduction vary across communicative contexts to draw attention to the 

degree of reduction in conversational speech. 

 

 

4.3.3.1. pVSA across speech contexts 

 

To assess the extent of vowel space reduction, we examined differences in vowel space 

area (pVSA) across four conditions: isolated vowels, monosyllabic words, monosyllabic 

text, and spontaneous conversation. Because pVSA reflects the acoustic dispersion of 

corner vowels, lower values typically indicate increased centralization and articulatory 

reduction. 

 

The mean pVSA values showed a systematic decline from more controlled to more 

naturalistic speech. Specifically, average pVSA was 479286 (SD = 163,10) in the isolated 

vowel condition, 371562 (SD = 108,553) in the monosyllabic word condition, and 183861 

(SD = 57,982) in the monosyllabic text condition. In spontaneous conversation, the mean 

pVSA was markedly lower at 781481 (SD = 19,624). To assess whether vowel space area 

(pVSA) differed across speech conditions, we fitted a linear mixed-effects model with 

Condition as a fixed effect and Speaker as a random intercept term: pVSA ~ Condition + (1 

| Speaker). The model showed substantial differences in pVSA across conditions (Figure 

 
1 The pVSA value for the conversational context was calculated using non-normalized formant values 

to ensure comparability with the controlled speech conditions, where formant values were also 

unnormalized. This approach was taken to maintain consistency in measurement across all speech contexts.  
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11). Compared to the conversational baseline, the vowel condition showed a robust 

increase in pVSA (Estimate = 389,596, t = 6.22), as did the word (Estimate = 281,871, t = 4.50) 

and text (Estimate = 94,170, t = 1.50) conditions. Although the contrast with text did not 

reach conventional levels of significance, the pattern suggests a gradation of vowel space 

reduction depending on the degree of speech spontaneity. 

 

 

 
 

Figure 11. Variation in pVSA values by speaking condition. Each line represents an individual 

speaker, with colors distinguishing speakers. Speaking conditions are shown on the x-axis. 

 

 

The model’s residual standard deviation was estimated at 76,684, and the random 

intercept variance for speakers was 67,928, indicating speaker-level variability.  These 

results were consistent with expectations: vowels produced in deliberate, clearly 

enunciated conditions occupy a larger acoustic space than those produced in casual, 

spontaneous contexts. 
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4.3.3.2. VDI across speech contexts 

 
To assess the consistency and separation of vowel categories in different speaking 

contexts, VDI values were also calculated for the same subset of speakers (AC, LJ, and 

ML) across the four conditions. VDI values decreased as speech became more 

spontaneous: the highest mean VDI was observed in the isolated vowel condition (M = 

3.98, SD = 0.63), followed by word (M = 3.00, SD = 0.74), text (M = 2.38, SD = 0.28), and 

conversational speech2, where vowel dispersion was the lowest (M = 1.21, SD = 0.14). 

 

 

 
 

Figure 12. Variation in VDI values by speaking condition. Each line represents an individual 

speaker, with colors distinguishing speakers. Speaking conditions are shown on the x-axis. 

 

 

 

 
2 Again, the VDI scores were calculated based on the unnormalized formant frequencies to ensure a 

more reliable comparison with the controlled speaking situations. 



119 
 

 

A linear mixed-effects model confirmed significant differences in VDI across 

conditions (Figure 12). Compared to the conversational baseline, VDI values were 

significantly higher in the vowel (Estimate = 3.00, t = 7.55), word (Estimate = 2.05, t = 5.16), 

and text (Estimate = 1.40, t = 3.52) conditions. These findings suggest that as speech 

becomes less constrained and more spontaneous, the articulatory distinctiveness of 

vowel categories decreases, consistent with patterns of increased reduction and overlap 

in casual speech. 

 

This analysis was conducted to illustrate the reduced articulatory characteristics of 

conversational speech compared to more controlled speaking conditions, reinforcing the 

notion that vowel articulation becomes less distinct as speech becomes more 

spontaneous. Interestingly, although VDI scores seemed more stable within 

conversational speech (Figure 11), greater intra-speaker variability emerged across the 

other conditions, suggesting that individual speakers may adjust their articulatory 

strategies more flexibly when shifting between structured and spontaneous speech. 

 

 

 

4.4. Conclusion to the chapter 
 

This chapter investigated the relationship between vowel space characteristics and 

non-lexicalized reductions in spontaneous speech. The main conclusion is that there is no 

significant correlation between vowel reduction metrics (such as pVSA and VDI) and 

speakers’ non-lexicalized reduction ratios. This suggests that vowel reduction and NLR 

likely operate as distinct mechanisms, challenging oversimplified views that reductions 

share a common origin. Vowel reduction, as measured acoustically through vowel space 

metrics, is primarily influenced by articulatory dynamics like speech rate and clarity of 

articulation (Johnson, 2004), while NLR appears to be driven by temporal compression 

and other contextual factors. 

 

A key contribution of this work is the combination of multiple vowel reduction 

metrics, which provides a more nuanced understanding of how vowel reduction 

manifests in conversation. By ensuring the complementarity of these metrics, we try to 
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avoid being misled by artifacts inherent to any single method, allowing for a more 

comprehensive analysis. Additionally, the comparison between read speech and 

spontaneous speech, though already well-documented in the literature, enriches our 

understanding of how speech style influences vowel articulation. The use of the same 

subset of speakers for both conditions controls for speaker variability, providing robust 

evidence of significant vowel reduction in spontaneous speech. 

 

Furthermore, this study supports the conceptual proposition of non-lexicalized 

reductions, which contributes to the understanding of how different types of reductions 

operate in spontaneous conversation. While vowel reduction has often been treated as a 

monolithic phenomenon, our results indicate that non-lexicalized (also probably 

lexicalized) reductions are likely governed by distinct processes. This insight challenges 

traditional models of reduction, suggesting that these mechanisms may not be directly 

interrelated, but rather independent in their operation. 

 

The findings may also raise important questions about the temporal and phonological 

asymmetry between lexicalized and non-lexicalized reductions. Lexicalized reductions, 

which tend to evolve diachronically, may reflect entrenched phonological patterns that 

do not align with the synchronic nature of vowel reduction, which occurs in real-time 

speech production. Non-lexicalized reductions, on the other hand, appear to be more 

closely tied to immediate processing demands, such as speech tempo and prosodic 

structure. This distinction helps explain the lack of significant correlation between vowel 

reduction metrics and the two types of reductions. 

 

In conclusion, this study underscores the multidimensional nature of reduction in 

spontaneous speech and calls for a more sophisticated model that recognizes the distinct 

processes underlying phonetic and lexical reductions. It also highlights the need for 

further exploration into other potential predictors of vowel reduction, such as cognitive 

load and task-related factors, and suggests that future studies should refine measurement 

techniques to account for the variability in reduction behavior across different contexts 

and languages. 
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Having established that vowel reduction and non-lexicalized reductions operate 

through distinct mechanisms, the next chapter will turn to another important dimension 

of reduction: its relationship with the prosodic structure. While the previous chapter 

examined the temporal and spatial factors influencing vowel reduction, this chapter turns 

to the role of prosody, specifically how speech is structured into larger rhythmic and 

intonational units, which remains a key component of understanding the dynamics of  

speech reduction.  
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Chapter 5- Reduction within the prosodic 

structure 

 

5.1. Introduction 
 

This chapter extends the investigation of phonetic reduction initiated in the previous 

chapter by shifting from a focus on vowel space and articulatory precision to the role of 

prosodic structure in shaping reduction patterns. While Chapter 4 examined how 

reduced vowel systems interact with reduction, the present chapter examines whether 

and how these reductions are systematically influenced by the hierarchical organization 

of speech prosody.  

 

Prosody, understood as the supra-segmental organization of speech, governs elements 

such as rhythm, intonation, stress, phrasing, and boundary marking (Himmelmann & 

Ladd, 2008). It provides a structural scaffolding that guides the timing and prominence 

of speech elements. One of the core theoretical assumptions of this chapter, following the 

Smooth Signal Redundancy Hypothesis proposed by Aylett and Turk (2004), is that 

prosodic structure plays a central role in regulating phonetic reduction. According to this 

model, speakers modulate the acoustic signal to preserve intelligibility and 

communicative efficiency. Reductions are more likely to occur in prosodically weak 

positions, such as unstressed syllables in non-prominent domains, where contextual 

redundancy is high and perceptual recovery is less at risk. 

 

This prosody-based view of reduction aligns with the earlier findings from English 

(Bell et al., 2003b) and other languages, showing that phonetic reduction tends to be more 

common in weak prosodic environments and unstressed syllables, particularly those in 

medial positions of prosodic phrases. Research by Cho (2016) and Cole and Shattuck-

Hufnagel (2016) further supports the view that acoustic reduction is modulated by 
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prosodic boundaries and prominence hierarchies, where domain-initial and domain-final 

positions are often enhanced while medial, non-prominent segments are more likely to 

be reduced. 

 

This chapter examines these claims in the context of spontaneous French speech, a 

language whose prosodic structure has been characterized as distinct from stress-timed 

languages like English. French exhibits phrase-level prosody, where prominence is less 

lexical and more phrasal, organized around the Accentual Phrase (AP) and the 

Intonational Phrase (IP) (Jun & Fougeron, 1995, 2000). In this model, the AP is a key 

prosodic domain, marked by a characteristic pitch contour and prosodic cues such as 

final lengthening and initial boundary tones. Recent studies have proposed the existence 

of an Intermediate Phrase (ip) (Michelas & D’Imperio, 2010), a prosodic unit between the 

AP and IP that may further condition phonetic variation. 

 

Despite this rich prosodic organization, phonetic reduction in French has received less 

attention than in English, particularly in spontaneous, conversational contexts. Most 

previous research has relied on read speech, limiting the generalizability of findings to 

more naturalistic settings (Ernestus & Warner, 2011). This chapter addresses this gap by 

analyzing a large corpus of spontaneous French conversations, offering a more 

ecologically valid investigation of reduction processes. 

 

Building on the framework outlined above, this chapter seeks to answer the following 

central question: Are phonetic reductions more frequent in prosodically weak positions 

within the French prosodic hierarchy? By systematically examining reductions in relation 

to prosodic phrase position, boundary strength, and domain length, this study aims to 

provide new insights into the interaction between prosodic organization and speech 

reduction. In doing so, it highlights the central role of prosody as a mediating structure 

between linguistic form and phonetic realization, contributing to our understanding of 

speech variability and efficiency in spoken language. 

 

This chapter is based on the study presented at Interspeech 2023, titled Speech Reduction: 

Position within French Prosodic Structure (Bodur et al, 2023) and aims to demonstrate the 

explanatory power of prosodic analysis for understanding reduction processes in 

naturalistic speech. 
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5.2. Article: Speech Reduction: position within 

French prosodic structure 

 

 

 

 

 

This chapter is based on the following conference paper: 

 

 

Bodur, K., Bertrand, R., German, J., Rauzy, S., Fredouille, C., & Meunier, C.  (2023). Speech 

reduction: position within French prosodic structure. In Proceedings of Interspeech 2023, 

20-24 August 2023, Dublin, Ireland. 
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5.3. Conclusion to the chapter 
 

 

This chapter investigated the role of prosodic structure in shaping the distribution of 

phonetic reductions in spontaneous French speech. By adopting a bottom-up, data-

driven approach and focusing on conversational data, the study contributes to a 

relatively more ecologically valid understanding of reduction phenomena. The findings 

largely confirm the central hypothesis: reductions are more likely to occur in unstressed 

and prosodically weak positions, especially in the medial portions of intonational 

phrases. 

 

The first key contribution of this study lies in its empirical validation of the hypothesis 

that reductions tend to occur more in less informative zones of speech. By analyzing 

naturally occurring data from a corpus of spontaneous French, the study demonstrates 

that reductions are significantly more frequent in the initial and medial positions of 

intonational phrases, areas commonly associated with low prominence and limited 

information density (Aylett & Turk, 2004). This finding not only supports prior 

theoretical claims but also reinforces the functional link between prosodic organization 

and the speaker’s strategic allocation of articulatory effort based on communicative 

relevance. 

 

Second, this chapter offers a refinement to current prosodic models by applying the 

autosegmental-metrical (AM) framework to account for the specific structural contexts in 

which reduction occurs. While prior studies have largely emphasized reduction 

avoidance in phrase-final or lexically stressed positions (Fougeron & Keating, 1997), this 

study extends those insights by identifying which prosodic positions are most vulnerable 

to reduction, namely, those within intermediate and intonational phrase domains that 

lack prosodic prominence. Importantly, the findings also underscore the relevance of the 

intermediate phrase in the French AM model (Jun & Fougeron, 2000), a prosodic level 

often overlooked in reduction studies, yet shown here to somehow modulate articulatory 

patterns. 
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Finally, this chapter contributes to broadening the scope of reduction research by 

foregrounding the temporal dynamics of reduction within prosodic boundaries. While 

much existing literature has concentrated on segmental changes or stress-conditioned 

reduction (Kohler, 1990; Lindblom, 1990), this study highlights how reduction patterns 

also align with temporal structures in speech. The use of a detection script capable of 

identifying temporally compressed zones enabled a more detailed examination of how 

reduction unfolds over time in relation to prosodic units, revealing reduction as not 

merely a segmental phenomenon but one that is dynamically shaped by the timing and 

rhythm of speech.  

 

Together, these contributions underscore the importance of prosodic structure in 

shaping reduction behavior, particularly in spontaneous, conversational contexts. By 

linking reduction to prosodic position, temporal organization, and informational 

structure, this chapter strengthens the theoretical integration between prosody and 

articulatory economy, opening avenues for future work on the interface between speech 

planning, rhythm, and reduction. At the same time, speaker-specific variation and the 

complexity of spontaneous speech highlight the need to consider a wider range of 

acoustic, contextual, and cognitive factors when analyzing reduction behavior. 

 

While this chapter has focused on adult speech, the next chapter shifts attention to 

speech reduction in children, aiming to explore its developmental trajectory. 

Understanding how and when children begin to exhibit reduction patterns, and how 

these align with or diverge from adult norms, offers critical insight into the acquisition of 

prosodic competence and the gradual mastery of speech economy in natural 

communication. By comparing adult and child speech, the following analysis will deepen 

our understanding of how phonetic reduction emerges and evolves across different 

stages of language development. 
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Chapter 6- Reduction in children’s speech 

6.1. Introduction 
 

This chapter concentrates on the role of speech reduction in spontaneous conversation, 

focusing on its developmental trajectory in middle childhood (ages 7 – 11). Reduction is 

a pervasive and systematic phenomenon that affects the production of phonemes, 

syllables, and entire lexical items across languages and speaker populations. Far from 

being “sloppy” or erratic, reduction is now widely recognized as a rule-governed process, 

sensitive to linguistic, prosodic, and informational structure (Aylett & Turk, 2004; 

Clopper & Turnbull, 2018). Despite a growing body of research on reduction in adult 

speech, relatively little is known about how these patterns emerge and evolve during 

childhood, especially during the middle childhood years, a period often overlooked in 

developmental phonetics and pragmatics. 

 

This chapter addresses that gap by investigating how children produce lexicalized and 

non-lexicalized reductions in naturalistic caregiver-child interactions. The motivation for 

this study is twofold. First, it challenges the assumption that reduction is an automatized 

or low-skill process. On the contrary, we argue that reduction is a developmentally 

complex, skillful behavior, requiring the integration of phonological, articulatory, and 

prosodic knowledge. In this view, the ability to produce contextually appropriate 

reductions is not immediate but rather emerges gradually with increasing linguistic 

competence. We hypothesize that lexicalized reductions, which are more conventional, 

frequent in the input, and commonly used across speakers, emerge earlier in 

development. In contrast, non-lexicalized reductions, which require real-time planning 

and fine articulatory control, tend to appear later, as they place greater cognitive and 

motor demands on the speaker and also require mastery of the joint management of 

reduction, discourse and prosody. 
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Second, the study contributes to our understanding of middle childhood as a critical 

period for the refinement of conversational and phonetic skills. While children at this age 

have already acquired the fundamental structures of their language (e.g., phonology, 

syntax), they are still developing pragmatic and prosodic competence. This includes 

conversational abilities such as turn-taking (Garvey & and Berninger, 1981), 

conversational grounding (Hess & Johnston, 1988), and coherent contingent exchanges 

(Baines & Howe, 2010), all of which might influence reduction behavior. Studying 

reduction in this age group allows us to isolate the development of reduction mechanisms 

from basic linguistic acquisition, providing a clearer picture of how communicative 

efficiency and phonetic fine-tuning evolve during this important developmental stage. 
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6.2. Article: Speech Reduction in Middle-

Childhood: the Case of Child-Caregiver 

Interactions 

 

 

 

 

 

This chapter is based on the following article submitted to the First Language Journal. 

 

 

Bodur, K., Fourtassi, A., Fredouille, C., & Meunier, C. (2025). Speech reduction in middle 

childhood: the case of child-caregiver interactions. First Language. 
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Introduction

Spoken language is a remarkably adaptable means of human communication, facilitating 
interaction across various contexts and among diverse speakers. This variability arises 
from the dynamic and responsive nature of language, where speakers are influenced by 
contextual factors and their audience during speech production (Arnold et al., 2012; Bell 
et al., 2009; Lindblom, 1990; Kahn & Arnold, 2015). This adaptability is evidenced by 
phenomena such as reduction, where linguistic elements may be simplified or modified 
in real time to improve communication efficiency. Conditioned by various linguistic, 
social, and cognitive factors (Clopper & Turnbull, 2018), reduction refers to the process 
whereby speech units contain relatively less acoustic and phonetic substance, leading to 
shorter durations and less precise articulations.

Universally present in all languages, and common in the speech of many speakers 
(Gendrot & Adda-Decker, 2007; Ernestus & Warner, 2011), this phenomenon still has 
not been fully explored in all its facets despite its extensive occurrence. Wu and Adda-
Decker (2020) showed that in a corpus of casual French conversations, almost 14% of 
words were affected by reduction. Similarly, Johnson (2004) found that in American 
English, 6% of syllables are missing and segment deletions occur in roughly every fourth 
word, with function words being more frequently affected than content words. Several 
factors influence reduction in speech, including phonetic characteristics, lexical stress, 
prosody, and speech rate, with higher articulation rates inducing more reductions. 
Lindblom (1963) argues that reduction is primarily a consequence of constraints on artic-
ulatory speed, which result in formant undershoot. Social and contextual factors, like 
conversational setting and interlocutor familiarity, further modulate speech reduction 
patterns (Labov, 1972; Lindblom, 1990). The terms ‘reduced’ and ‘reduction’ imply a 
contrast with a canonical form. However, linguistic studies suggest that articulation does 
not follow a strict categorical opposition. Instead, it exists on a continuum, with reduced 
forms situated along this spectrum (Nolan, 1992; Zellers et al., 2018). This observation 
aligns with the hyper and hypo-articulation theory (Lindblom, 1990), which posits that 
articulation is shaped by two main constraints: the need to minimize the speaker’s effort 
during production, and the necessity to ensure that the message remains comprehensible 
to the listener. Despite the term ‘reduction’ implying a degradation of speech, it involves 
a complex set of skills, as the message is still understandable by the listener even with 
the lack of acoustic substance.

To understand the linguistic and cognitive bases of speech reduction, it is essential to 
explore its development into adulthood. The relationship between phonetic and phono-
logical development and speech reduction in children is complex, influenced by various 
factors. These include the growth of their vocabulary (lexical development), the matura-
tion of their ability to produce speech sounds (speech motor development), the planning 
of these sounds (phonetic planning), and the capacity to hold and manipulate sounds in 
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their memory (phonological working memory). Together, these elements interact to 
shape how children develop and refine their speech patterns. Research indicates that 
phonological memory is crucial for speech development, with studies examining its rela-
tionship to spoken language development (Waring et al., 2019). Phonological working 
memory might play a role in the degree of speech reduction, as children with stronger 
working memory may show more efficient speech patterns, balancing between reduced 
forms for ease of production and clear articulation for comprehensibility. Articulation 
rate also influences reduction, as it directly impacts speech patterns (Redford, 2014). 
Children’s slower, more variable speech movements with larger relative amplitudes 
(Cheng et al., 2007) contribute to a slower articulation rate, reducing gestural overlap in 
consonant-vowel and consonant-consonant sequences. This likely results in less reduc-
tion, as an increased overlap in adult speech promotes more efficient, compressed articu-
lation. Since articulation rate is tied to motor control, these developmental differences 
reflect the refinement of speech coordination, with greater overlap and reduction emerg-
ing as children’s motor skills mature. The degree of speech reduction may vary with the 
child’s age or developmental stage, similar to many other variables observed in infant-
directed speech (e.g., Stern et al., 1983). Typically, infants are exposed to adult speakers 
who tend to overemphasize segments to enhance their distinctiveness, supporting their 
linguistic development and adapting to the listener’s needs (Lindblom, 1990). This 
emphasis and meticulous pronunciation suggest that infant-directed speech may include 
fewer reduced pronunciation variants compared to informal adult-directed speech.

In a prior study, Lahey and Ernestus (2014) investigated how young infants (11–
12 months) are exposed to speech reduction to understand the development of phono-
logical representations in the mental lexicon. They hypothesized that infants may 
acquire the full pronunciation of words before forming lexical representations for their 
reduced variants, depending on the type and frequency of reduced pronunciations in 
infant-directed speech. Analyzing two frequently reduced Dutch words ‘allemaal’ and 
‘helemaal’, they found that these two words undergo frequent reduction in infant-
directed speech, with reduction levels similar to those observed in casual adult conver-
sations. This suggests that children may acquire lexical representations for reduced 
pronunciation variants very early in their linguistic development. Additionally, studies 
on children from 1 to 3 years (Bard & Anderson, 1994) and 2 to 4 years (Shockey & 
Bond, 1980) had revealed that children of these age groups were also exposed to highly 
reduced linguistic material.

Interestingly, while numerous studies have explored infants’ and young children’s 
exposure to reduced speech variants, there is a notable gap in understanding how chil-
dren themselves produce reductions beyond early childhood, aside from studies 
addressing cluster reduction typical in toddlers. Existing research has largely focused 
on cluster reduction in toddlers aged 1.6 to 2.8, primarily among Dutch- and English-
speaking children (e.g., Carter & Gerken, 2004; Gulian & Levelt, 2009, 2011; Pater & 
Barlow, 2003). Investigating weak syllable omission in young English-speaking tod-
dlers, Carter and Gerken (2004) found that although children often omitted unstressed 
syllables, acoustic traces of the omitted material persisted. Pater and Barlow (2003) 
also found that reduction patterns often favor preserving the least sonorous segment, 
though individual variation might reflect different constraints. Additionally, Gulian 
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and Levelt (2011) found temporal traces of deleted segments in reduced /sC/ clusters, 
indicating that children’s lexical representations are more detailed than their surface 
productions suggest, further corroborating the idea that reductions may arise during 
phonetic execution rather than phonological planning. While this body of work pro-
vides important insights into early speech production, much less is known about how 
these processes develop in older children. Research by Strik et al. (2008) suggests that 
speech reductions continue to evolve with age, as articulation rate and motor control 
shift over the lifespan; however, their study focused on adults aged 20 to 79, requiring 
complementary explorations on whether similar patterns occur in younger populations. 
Surprisingly, there has been limited research on how typically developing children, 
particularly those in middle childhood (ages 6–12), produce reduced speech. This 
developmental stage is crucial, as children in this age range have already developed 
foundational linguistic skills, including phonetics, phonology, and prosody, with ade-
quate motor control. They might demonstrate fluency in everyday conversations, even 
though speech production is a neuro-motor behavior that continues to improve and 
evolve with practice into adulthood.

The present study aims to offer preliminary quantitative insights into reduction behav-
ior during middle childhood. By examining reduction in children’s speech, this research 
seeks to contribute to a deeper understanding of linguistic development and the underly-
ing mechanisms of speech reduction. We focus on two types of reductions: first, lexical-
ized reductions (Bodur et al., 2025), which include frequently occurring reduced forms 
such as ‘chui’ [ʃɥi] for ‘je suis’ [ʒə sɥi] and [f ɛ̃] for ‘enfin’ [ɑf̃ ɛ]̃ in French. These reduc-
tions have been extensively studied across languages (e.g., ‘eigenlijk’ in Dutch [Ernestus 
& Smith, 2018]) and could be presumed to be stored in speakers’ mental lexicon due to 
their frequent and regular exposure. They are perceptible by both speakers/listeners and 
even by Automatic Speech Recognition systems (Strik & Cucchiarini, 1999), facilitating 
the detection process.

Second, a substantial number of reductions in speech are more difficult to document 
because they often do not conform to specific sequences, lack regularity, and do not fol-
low the same rules as lexicalized reductions. Consequently, we proposed the term ‘non-
lexicalized reductions’ to describe instances of temporal compression within the speech 
flow. These reductions are influenced by various linguistic and conversational factors, 
such as phonemic properties, position within the prosodic structure, and articulation rate. 
Non-lexicalized reductions, as we define them, may include both segmental or syllabic 
deletions and compression of segment durations without full deletion, and may involve 
sequences of multiple words that span various morpho-syntactic categories, reflecting a 
broader linguistic phenomenon (see Figure 1). Within the context of continuous speech, 
it can be challenging to identify these reductions or determine which units in a given 
sequence are reduced, as they can be interpreted with the help of other contextual infor-
mation. However, when heard in isolation, some examples can even be unintelligible.1 
Their production relies on fine motor skills, as increased overlap in speech segments 
allows for more efficient, compressed articulation. This not only conserves articulatory 
effort at higher articulation rates but also ensures intelligibility for the listener.
Within this framework, we hypothesize that children aged 7 to 11 will produce lexi-
calized reductions similarly to adults, although developmental differences might be 
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observed across age groups (older children producing more lexicalized reductions 
than younger ones) due to differences in language production. Furthermore, we expect 
lexicalized reductions to be more prevalent in children’s speech than non-lexicalized 
reductions, as the latter require greater neuro-motor control to produce reduced 
sequences at higher speech rates while maintaining intelligibility for the listener – an 
ability that typically does not mature until early adolescence (Lee et  al., 1999). 
Additionally, we hypothesize that caregivers, aiming to support children’s linguistic 
and conversational development, will produce fewer non-lexicalized reductions due 
to slower articulation rates. Measuring the number of phonemes produced per second 
(excluding pauses), articulation rate serves as an indicator of developmental progress, 
typically exhibiting higher values in adults compared to children. In exploring how 
articulation rates vary across age groups, we hypothesize that developmental differ-
ences will manifest in articulation rates, with a correlation expected between articula-
tion rates and reductions. Finally, we also hypothesize that the reduction ratios and 
counts between children and caregivers would be positively correlated. This expecta-
tion is based on the notion that children often learn language patterns from their car-
egivers. As a result, communicative behaviors, including speech reductions, exhibited 
by caregivers could influence those of the children, leading to similar reduction pat-
terns between the two.

To investigate reduction in children’s conversations, we conducted a corpus analysis 
using a French child–caregiver conversational corpus. This corpus provides a naturalistic 
and casual context, which is known to enhance reduction production in adult speakers 
(Torreira et al., 2010). In the following section, we present the corpus and the methods 
used to identify the two types of reductions that were analyzed.

Figure 1.  An example of a non-lexicalized reduction (from the speaker ID18 child: the 
detected sequences (top tier), the phonemes corresponding to the sequence ‘je crois qu’il n’y 
en’ [ʒə kʁwa kil ni ɛn], ‘I don’t think there are any..’) (middle tier), and the tokens involved in 
the detected sequence (bottom).
Note. The sequence is made up of nine phonemes produced in 330 ms.
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Method and materials

Participants

This study included a total of 10 child–caregiver dyads, divided into two age groups for 
developmental comparison. Five children were 7 years old (2 F and 3 M, average 
age = 7.3, ±3.3 months), and the other 5 were 11 years old (2 F and 3 M, average 
age = 11.3, ±4.1 months) at the time of recording. Participants were grouped based on 
dyads, with each child paired with their corresponding caregiver. For analysis purposes, 
we refer to these as four groups: C7 (7-year-olds), C11 (11-year-olds), P7 (caregivers of 
7-year-olds), and P11 (caregivers of 11-year-olds). This labeling allows for both within-
dyad and between-age-group comparisons while maintaining the child–caregiver pairing 
structure. None of the participants reported speech or hearing disorders.

Dataset

The recordings for this study were retrieved from the Child Interpersonal Communication 
Analysis (CHICA) corpus (Goumri et al., 2024), which captures child–caregiver interac-
tions in two settings: Zoom video calls and face-to-face interactions. The dataset com-
prises recordings of children aged 7, 9, and 11 years, engaging in conversations with a 
caregiver, aiming to obtain a more naturalistic corpus. Recordings took place in partici-
pants’ homes using an intuitive elicitation task: a loosely structured word-guessing game 
where interlocutors switched roles upon correctly guessing a word, thereby helping bal-
ance the conversational dynamic. For the purpose of this study, only the 7 and 11-year-
old groups were included to facilitate a more targeted comparison of developmental 
effects. Additionally, only the Zoom recordings were analyzed due to their provision of 
separate mono-channel audio tracks. Each recording lasted approximately 15 min, with 
the total Zoom dataset comprising about 4 hr of conversation, containing a total of 25,272 
word tokens (children = 9171, caregivers = 16,101 words).

The corpus included orthographic transcriptions generated by WhisperX (Bain et al., 
2023), which were initially corrected for major errors. To ensure highly accurate pho-
netic annotations and alignments, the first author then further refined and enriched the 
transcriptions produced by WhisperX. The correction involved carefully listening to the 
recordings multiple times and correcting several systematic omissions and inaccuracies. 
Specifically, WhisperX often ignored conversational elements such as repetitions, disflu-
encies (e.g., filled pauses like ‘uh’ or ‘um’), and laughter, which are features that signifi-
cantly impact the performance of phonetic alignment. These missing elements were 
manually reinserted to preserve the natural structure and rhythm of the speech. 
Additionally, lexical errors generated by WhisperX were corrected to ensure both seman-
tic coherence and phonetic precision. These refinements were essential not only for accu-
rate segment boundary detection and high-quality phonetic annotation but also for 
reliable reduction detection, which depends on the precise marking of phonetic events, 
including pauses and non-lexical vocalizations.

The words and utterances in the dataset were extracted using the SPPAS software 
(Bigi, 2015). SPPAS automatically detected Interpausal Units (IPUs), which approxi-
mate utterances, based on the audio signal. The detection parameters were set to a 
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minimum utterance duration of 180 ms and a minimum pause duration of 250 ms. 
Orthographic transcriptions were then aligned with the detected IPUs in Praat (Boersma 
& Weenink, 2009), with manual corrections made as necessary. Once the IPUs were 
populated, token normalization was performed in SPPAS to generate tokens, including 
their start and end points, which were subsequently used for phonetization and automatic 
alignment.

Detection of reductions

Reduction phenomena, influenced by diverse linguistic and conversational factors, might 
pose challenges for detection, necessitating distinct procedures. Our study adopts a top-
down approach for detecting lexicalized sequences, while non-lexicalized reductions 
were identified using a bottom-up approach.

The detection of lexicalized reductions was performed manually, based on ortho-
graphic transcriptions and word-level annotations. The procedure entailed checking the 
word tier in TextGrid files to identify the occurrences of selected target sequences. Upon 
locating a target token, the audio–visual signal was manually analyzed using Praat 
(Boersma & Weenink, 2009) to determine whether the item was produced in its canoni-
cal or reduced form. Reduced items were then annotated in a separate tier labeled ‘reduc-
tion’. For example, one of the most frequently reduced words in French, enfin is typically 
represented as [ɑf̃ ɛ]̃ in its canonical form and was considered reduced if produced/per-
ceived as [f ɛ]̃. Similarly, variations in the canonical form of parce que [paʁsə kə] were 
considered reduced when it was produced as [paskə], [paʁskə], and even [psk] in some 
extreme cases. Annotations were carried out by a Master’s student. To ensure reliability, 
an inter-annotator agreement assessment was conducted on a sample dataset that mir-
rored the current recordings (Bodur et al., 2021). This assessment involved two annota-
tors (the student and the first author) labeling reduced occurrences of target sequences in 
two recordings. Initial annotations yielded a Cohen’s Kappa of 0.71 for caregivers and 
0.65 for children. Following discussion on reduction criteria, a second set of annotations 
was conducted, resulting in agreements of 0.85 for children and 0.93 for caregivers, 
indicating a significant agreement. The target sequences were selected based on previous 
studies on frequently reduced forms (e.g., Adda-Decker & Snoeren, 2011; Bodur et al., 
2022; Wu & Adda-Decker, 2020) and consist of the following 11 items:

•• Adverbs: alors (so), enfin (finally), puis (then), voila ` (there), quand même 
(anyway)

•• Pronoun+verb: je peux (I can), je sais (I know), je suis (I am), tu sais (you know)
•• Conjunctions: parce que (because), puisque (because)

For non-lexicalized sequences, an automated bottom-up approach was chosen for 
detection, given that this type of reduction does not affect the same tokens regularly but 
rather is dependent on various factors. The method uses a sliding window of 230 ms 
duration, applied with a step size of one phone; that is, the window advances by one 
produced phoneme at each step. A sequence is flagged as reduced if at least six phonemes 
are detected within the 230 ms window starting from the boundary of the first phone. If 
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the following window (shifted by one phone) also satisfies this criterion, the reduced 
region is extended, and this process continues until the condition is no longer met. 
Importantly, in cases where consecutive windows overlap, only the newly included 
phones (i.e., those not already part of the previously flagged segment) are added to the 
growing reduction sequence. As a result, reduction zones can span longer than 230 ms 
when overlapping windows are continuously flagged as reduced. This method primarily 
targets and identifies temporally reduced zones in the continuous flow of speech, allow-
ing for the detection of reduction patterns that are not lexically fixed but rather context 
dependent. Importantly, the approach is based on the duration of actually produced pho-
netic material rather than the canonical phonological forms. As such, it can highlight 
both compressions and reductions involving deletions, provided that the output sequence 
is sufficiently temporally compact. This method thus highlights regions of dense articu-
lation that reflect reduction phenomena in real-time speech. Additionally, the choice of 
detection parameters, specifically the 230 ms window size and the six-phoneme thresh-
old, was deliberate and strategically designed to capture multi-word sequences. After 
testing smaller window sizes (180 ms and 200 ms), we settled on 230 ms to capture a 
sufficient temporal span. This larger window helps identify longer sequences, which is 
crucial for detecting multi-word reductions, and reduces the risk of capturing overly 
short segments that do not reflect the intended context. By setting the phoneme threshold 
at 6, we further refined the detection to focus on meaningful reductions that span across 
multiple phonemes, thereby enhancing the method’s sensitivity to longer, contextually 
significant sequences rather than brief, isolated reductions.

After detecting sequences for all of the 20 speakers, results were manually evaluated 
to ensure quality and reliability. Of the 180 non-lexicalized sequence detections (31 from 
children and 149 from caregivers), 119 (5 from children and 114 from caregivers) were 
accurately identified as reduced, resulting in a 66% accuracy rate. Excluded sequences 
were mainly due to phonetization, alignment, and liaison errors. An example from a 
detected sequence can be found in Figure 1.2

Results

This section presents findings on children’s language production, emphasizing metrics 
such as word count, utterance count, and utterance length. These metrics reveal develop-
mental patterns in language use, offering a foundational understanding of the progression 
in children’s speech with age relative to adult language. Observing differences in lan-
guage production is crucial for interpreting reduction performance and how it evolves 
with development. Subsequently, the distributions of speech reductions in children’s and 
caregivers’ language are examined and compared. Further analysis investigates the cor-
relation between reductions observed in children’s speech and those in caregivers’ 
speech, potentially elucidating influences and learning mechanisms involved. Articulation 
rates are then assessed for their impact on the distribution of speech reductions, as under-
standing these rates is essential to evaluating how reductions vary across different speech 
contexts, contributing to a comprehensive view of language production dynamics during 
this stage of development. To account for variations in conversation length, all reported 
metrics were normalized by dividing the total values for each speaker by the duration of 
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their respective conversations in order to provide more reliable and comparable results. 
Metrics are presented as rates per minute (except for the IPU length and reduction ratios 
per item). Table 3 displays the raw (non-normalized) values for each speaker (independ-
ent from conversation lengths).

Language production in children and caregivers

Word production.  Results show that caregivers (P7 and P11 combined) produced more 
words (M = 71 per minute) overall compared to the children (C7 and C11 combined, 
M = 41 per minute), indicating that adults generally led the conversation. We evaluated 
the statistical significance of the difference in speech output between children and car-
egivers using a paired t-test. The results revealed a significant difference in the number 
of words per minute (t(9) = −9.06, p < .001), indicating that caregivers produced a higher 
word count compared to children. The mean word counts for each group are presented in 
Table 1.

A Kruskal–Wallis rank sum test3 was conducted to examine how development influ-
ences word production across the groups C7, C11, P7, and P11, identifying a significant 
overall difference between the groups (χ2(3) = 13.87, p = .003). Post-hoc Dunn test 
revealed no significant difference between C7 and C11 (Z = 0.32, Bonferroni adjusted 
p = 1), indicating no significant difference between the word counts of younger and older 
children. However, significant differences were observed between C7 and P11 
(Bonferroni adjusted p = .02) and between C7 and P7 (p = .04), highlighting a substantial 
difference in word production between younger children and adults. Additionally, 
Pearson’s product–moment correlation analysis between the word production rates of 
children and caregivers showed a non-significant correlation (r = .46, t = 1.4796, p = .17). 
Therefore, the data do not support the notion that children’s word production is system-
atically related to their caregivers’ word production.

IPU production.  In CHICA, children produced slightly fewer IPUs per minute (M = 11.21, 
SD = 1.97) compared to caregivers (M = 11.83, SD = 1.72). However, a paired samples 
t-test revealed that this difference was not significant, (t(9) = −1.12, p = .29). Detailed 
group distributions are reported in Table 2.

Pearson’s correlation analysis indicated a moderate positive correlation between IPUs 
of children and caregivers (r = .56, p = .09), but this was not statistically significant.

Table 1.  Mean word counts (normalized by dividing the total number of words produced by 
each speaker by the length of their respective conversation lengths) per minute and standard 
deviations for each group. The range of word counts (per minute) for each group is also 
provided.

Group C7 C11 P7 P11

Word range [27.9−53.6] [33.5−57.3] [55.8−79.5] [57.5−83.9]
Word count 38.9 42.8 70 71.3
SD 11.6 9.9 10.2 10.3
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IPU length.  With no significant difference in IPUs per minute between groups, we ana-
lyzed IPU length as a potential indicator of linguistic development across age groups. 
The average IPU length, calculated as the total word count divided by the number of 
IPUs per speaker, was 3.66 words per IPU for children and 6.05 words per IPU for car-
egivers. A paired t-test revealed a significant difference between children and adults 
(t(9) = −7.48, p < .001), with an estimated difference of 2.38 words. This suggests that 
while children produced nearly as many utterances as caregivers, their utterances were 
significantly shorter. Table 3 details individual distributions while group means are illus-
trated in Table 4.

A Kruskal–Wallis test analyzed differences in the number of words per IPU across 
four groups, accounting for speaker variability, and revealed a significant effect of group 
(χ2(3) = 13.65, p = .003). Post hoc comparisons between C11 and P11 (Bonferroni 
adjusted p = .045) and C7 and P11 (Bonferroni adjusted p = .014) were significant after 
adjustment, while all the other comparisons were not significant (p ⩾ .05). No significant 
difference was found between C11 and C7 (Z = 0.37, Bonferroni adjusted p = 1). These 
results suggest developmental differences in speech production, with adults showing 
greater verbal output.

Reduction in child–caregiver interactions

Lexicalized reductions.  To study lexicalized reductions across age groups, the fre-
quency of total occurrences of target words, their reduced occurrences, and the reduc-
tion ratio per item, speaker, and group were analyzed. Reduction ratios were calculated 
by dividing the number of reduced occurrences by the total occurrences for each item 
and for each speaker in order to allow comparability despite varying numbers of tar-
get and reduced occurrences. A total of 336 target items (based on the 11 selected 
forms) were produced in the dataset, of which 222 were reduced, resulting in a reduc-
tion ratio of 66%.

To ensure comparability, normalized values were used for total and reduced items. 
Caregivers produced more target words (M = 1.48, SD = 0.7) and reduced occurrences 
(M = 0.95, SD = 0.42) per minute compared to children (Target: M = 0.84, SD = 0.54; 
Reduced: M = 0.57, SD = 0.38). Among children, 7-year-olds produced fewer target 
tokens (M = 0.75) per minute than 11-year-olds (M = 0.94). Caregivers of older children 
(P11) produced slightly more target tokens (M = 1.59) than caregivers of younger 

Table 2.  Mean IPU counts (normalized by dividing the total number of IPUs produced by 
each speaker by the length of their respective conversation lengths) per minute and standard 
deviations for each group. The range of IPU values (per minute) for each group is also provided.

Group C7 C11 P7 P11

IPU range [8.32−13.56] [8.97−14.95] [10.67−14.62] [9.90−14.30]
IPU count 11.2 11.2 12.2 11.4
SD 1.95 2.23 1.63 1.87

Note. IPU = Interpausal Units.
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children (P7, M = 1.37). Similar patterns were observed in reduced word occurrences per 
minute, with means of 0.43 (C7), 0.71 (C11), 0.85 (P7), and 1.05 (P11).

Reduction ratios per speaker. Our results revealed variability among speakers. For 
instance, in the 7-year-old group, child ID1 had the highest lexicalized reduction ratio, 
with 5 reductions out of 8 target tokens (62.5%). In contrast, child ID4 had a reduction 
ratio of 62% with 18 reductions out of 29 targets. The child with the lowest reduction 
ratio (ID5) had only 6 target tokens and 2 reductions, resulting in a ratio of 33%. 
Caregivers also varied in their reduction performance, generally producing more lexical-
ized reductions overall. The total target and reduction occurrences for each speaker, 
along with their reduction ratios, are reported in Table 5.

Reduction ratios per age group. Reduction ratios were calculated based on raw total 
and reduced occurrences. Children had a mean reduction ratio of 0.64 (SD = 0.15), while 
caregivers had a ratio of 0.66 (SD = 0.17). A paired sample t-test revealed no significant 
difference between children and adults (t = −0.36, p = .72). Detailed reduction ratios for 
each group are presented in Table 6. To assess differences in reduction ratios across age 
groups, a Kruskal–Wallis rank sum test was conducted, showing no significant differ-
ence between groups (χ2(3) = 7.24, p = .06). Post-hoc Dunn’s test also found no signifi-
cant pairwise difference with all Bonferroni adjusted p-values greater than .05, including 
between C11 and C7 (Z = 2.48, p = .07).

Reduction ratios per item. Reduction ratios were computed for each target item to 
identify which tokens are most frequently reduced in child–caregiver interactions data-
set. The items with the highest reduction ratios were ‘puis’ and ‘de toute façon’, exhibit-
ing a 100% reduction rate (one reduced occurrence out of one total occurrence). Although 
‘alors’ had the highest number of total and reduced occurrences (Reduced: 69; Target: 
120), its reduction ratio was only 57%.

When examining the groups separately, the reduction ratios of items varied 
between groups. Specifically, within the youngest group (C7), items such as ‘je peux’ 
(two reduction out of two targets), ‘parce que’ (five reductions out of five targets), 
and ‘puisque’ (one reduction out of one target) demonstrated a reduction ratio of 
100%, while some targets did not occur at all. Conversely, in the 11-year-old group 
(C11), items like ‘je suis’ (four out of four targets) and ‘puis’ (one out of one target) 
achieved a 100% reduction ratio. The other items displayed varying frequencies of 
reduction. It is important to note that some of the items with 100% reduction ratio 
occurred only once. Detailed information regarding groups’ reduction patterns can 
be found in Figure 2.

Table 4.  Mean IPU length (measured as the number of words per IPU) and standard deviations 
for each group.

Group C7 C11 P7 P11

IPU length range [2.4−4.6] [3.2−5.3] [5−7.4] [5.2−8.2]
IPU Length 3.47 3.86 5.74 6.35
SD 0.78 0.86 0.93 1.14

Note. IPU = Interpausal Unit.
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Non-lexicalized reductions.  Manually verified detections of the bottom-up method 
(described in section ‘Detection of reductions’) were analyzed to study the distribution 
of non-lexicalized reductions. This approach enabled assessing the frequency of non-
lexicalized reductions across different age groups. As shown in Figure 3, the results 
reveal that only two children exhibited (a small number of) reductions (0.07 reductions 
per minute for ID4 (7 years old) and 0.14 for ID18 (11 years old), with no detections in 
the other children. Although the system flagged many potential reductions, errors in pho-
netization and alignment, often due to pronunciation variations, led to a high rate of 
incorrect detections for children. In contrast, caregivers displayed a wider range of non-
lexicalized reduction patterns, with some speakers showing no reductions (ID5) and oth-
ers reaching as high as 2.38 reductions per minute (ID15, 36 sequences in total). An 
example of a detected non-lexicalized sequence (from ID18, child) is presented in Figure 
1. Statistical analysis revealed meaningful differences in the production of non-lexical-
ized reductions across speaker groups. A paired t-test comparing children and their car-
egivers showed that children produced remarkably fewer instances of non-lexicalized 
reductions (t(9) = −3.28, p = .01). A Kruskal-Wallis test revealed a significant difference 
in non-lexicalized reduction ratios across groups (χ2(3) = 12.24, p = .006), probably 
driven by higher reduction instances of caregivers. Post-hoc Dunn tests confirmed both 
child groups differed significantly from the P11 caregiver group, while no significant 
differences were found between the two caregiver groups (P11 (M = 0.92) and P7 
(M = 0.52) Z = 0.78, Bonferroni adjusted p = 1) or between the child groups (C7 (M = 0.01) 
and C11 (M = 0.03) (Bonferroni adjusted p = 1). These results indicate that the observed 
group effect reflects a robust child–caregiver difference rather than an effect of age.

Table 6.  Mean reduction ratios for each age group in the dataset as well as their respective 
standard deviations.

Group Reduction range C7 [0.33−0.62] C11 [0.63−0.86] P7 [0.35−0.86] P11 [0.50−0.87]

Reduction ratio 0.53 0.75 0.62 0.71
SD 0.12 0.08 0.20 0.13

Figure 2.  Distributions of target and reduced lexicalized items.
Note. The left panel shows the total number of target items for children (blue) and caregivers (red) in the 
7-year-old group, while the right panel shows the totals for the 11-year-old group. Lighter shades indicate 
the number of reduced occurrences within the total targets.
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Furthermore, the total number of phonemes and the number of reduced phonemes per 
minute were calculated for all speakers. These values were then used to determine the 
ratio of reduced phonemes. This approach allowed for accounting for inter-speaker vari-
ability in the number of detected sequences while controlling for the influence of articu-
lation rate on the representation of non-lexicalized reductions. Caregivers exhibited a 
notable range of variability in their reduced phoneme ratios, spanning from 0% to 9%. 
On the other hand, children produced significantly fewer reduced phonemes, despite 
variations in their total phoneme counts, likely influenced by conversation length. This 
difference could suggest that children, still developing their linguistic abilities, did not 
employ reduced phonemes as frequently as adults did. Table 7 summarizes the number 
of total and reduced phonemes, in addition to the reduced phoneme ratios of speakers, 
highlighting the difference between children and caregiver groups.

The relationship between child–caregiver reductions

A Pearson’s product–moment correlation was performed to evaluate the influence of 
caregivers’ reductions on the frequency of children’s reductions, considering both lexi-
calized and non-lexicalized types. The analysis revealed a moderate positive correlation 
between children and caregivers for lexicalized reduction ratios (r = .33, p = .34, df = 8). 
Separate analyses for the two child groups (C7 and C11) revealed different levels of cor-
relation with the P7 and P11 groups. For the C7-P7 dyads, the correlation was weak 

Figure 3.  The number of detected non-lexicalized sequences per minute reported for children 
(blue) and caregivers (red) of each dyad.
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(r = .20, p = .74), lacking significance. The C11-P11 dyads also exhibited a weak positive 
correlation (r = .15, p = .8), which also failed to reach statistical significance. The analysis 
of non-lexicalized reductions (per minute) showed a non-significant correlation coeffi-
cient of r = .25 (p = .48, df = 8), indicating a weak positive relationship, suggesting that 
higher frequencies of caregiver non-lexicalized reductions may be associated with higher 
child frequencies, though not significantly.

Articulation rate and reductions

Our study examined variations in articulation rates across different age groups and their 
relationship with speech reductions. Articulation rates for all speakers are presented in 
Table 8. A statistically significant difference in articulation rates was observed between 
children and caregivers, with caregivers demonstrating higher speaking rates. Kruskal–
Wallis non-parametric analysis indicated significant group differences in articulation 
rates (χ2(3) = 13.32, p = .004), primarily driven by the disparities between children and 
caregivers. However, no significant difference was found between the two-child age 
groups, C11 and C7 (Z = 1.28, p = 1). These results suggest that while age did not signifi-
cantly influence articulation rates within these specific child groups, caregivers generally 
exhibited higher articulation rates compared to children.

A Pearson’s correlation assessed the relationship between articulation rates of chil-
dren and caregivers. A strong positive correlation was found between the C7 and P7 
groups (r(3) = .878, p = .05), indicating that higher articulation rates in children are asso-
ciated with higher rates in their caregivers (95% CI [−0.017, 0.992]) for this group. In the 
11-year-old group, the correlation was weak and non-significant (r(3) = −.230, p = .709, 
[−0.925, 0.817]), indicating no reliable association and suggesting potential independ-
ence or other influencing factors.

Another Pearson correlation was conducted between articulation rate and lexicalized 
reduction ratio, revealing a significant moderate positive correlation (r(18) = .55, 
p = .012). For non-lexicalized reductions, the correlation showed a strong positive rela-
tionship (r(18) = .80, p < .001) with a confidence interval of [0.560, 0.919]. These sig-
nificant relationships suggest that higher articulation rates are associated with higher 
reduction scores.

Discussion

This study analyzed speech reduction behaviors in children aged 7 to 11 using the CHICA 
corpus (Goumri et  al., 2024), focusing on child–caregiver interactions. We examined 

Table 8.  Articulation rates, measured as the number of phonemes produced per second for all 
speakers. Children with IDs 1 to 5 belong to the 7-year-old group, while those with IDs 15 to 
22 are in the 11-year-old group.

Speaker ID1 ID2 ID3 ID4 ID5 ID15 ID16 ID17 ID18 ID22

Children 6.6 6.5 7.5 7.2 6.2 7.2 7.8 8.7 8.6 7.5
Caregivers 8.6 9.7 10.5 10.4 8.2 11.2 8.7 9.1 10.2 8.9
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language production and speech reduction patterns across age groups (7 and 11 years, 
and caregivers) to understand the occurrence of reductions. Our goals were to investigate 
the distribution of lexicalized and non-lexicalized reductions, compare these to adult 
performance, and assess the influence of caregiver input and articulation rate on the pro-
duction of reduced sequences.

The dataset comprised Zoom-recorded interactions between dyads engaged in a word-
guessing game during video calls. This choice was motivated by several factors. First, 
there is a scarcity of studies and multimodal datasets focusing on middle childhood, with 
only a few existing examples (Bodur et al., 2021; Dorval et al., 1984; Sehley & Snow, 
1992). Second, the recordings took place in a home environment, providing a natural and 
relaxed context expected to encourage informal speech and increase the occurrence of 
linguistic reductions. Third, the game design promoted more balanced interactions, as 
participants alternated turns. These factors collectively positioned the dataset as a valu-
able resource for analyzing naturalistic speech patterns in children.

The observed patterns of lexicalized reductions reveal important insights into lan-
guage development in children. Caregivers produced more target and reduced words 
per minute than children, who had lower rates of both. Although older children exhib-
ited slightly more target and reduced items than younger ones, the overall word output 
between these age groups did not differ significantly. This suggests that any apparent 
increase in lexicalized reductions in older children may reflect individual variation in 
word usage rather than a statistically supported developmental difference. Although 
there was considerable variability among individual speakers (Table 5), no significant 
differences in reduction ratios were found between children and caregivers, or between 
the 7-year-old and 11-year-old groups, indicating that there is no clear developmental 
effect on lexicalized reduction ratios in this context. This absence of age-related differ-
ences may also be attributed to the relatively narrow age range sampled. Both age 
groups fall within middle childhood, a period during which speech and language skills 
are still developing. Broader age comparisons, such as including preschool-aged chil-
dren or adolescents, may reveal more distinct developmental trends in reduction use, 
particularly as speech planning and articulatory efficiency mature. These findings con-
trast with previous research on adult conversations, which reported higher counts of 
target and reduced tokens, along with significantly higher reduction ratios, – partly 
attributed to longer conversation lengths (Bodur et al., 2023). The similarity in reduc-
tion ratios between children and caregivers suggests that, in middle childhood, chil-
dren are already capable of using lexicalized reductions in a manner similar to adults. 
This capability likely arises from their frequent exposure to such reductions in daily 
interactions, which they may internalize and store in their mental lexicons. The fact 
that children produce lexicalized reductions at levels comparable to caregivers high-
lights their ability to adopt complex linguistic features relatively early in development. 
Despite producing fewer total words, children appear to mirror adults’ lexicalized 
reduction strategies, suggesting a high level of linguistic competence. Another expla-
nation for the absence of significant differences between children and caregivers may 
be that caregivers might be adjusting their speech to better accommodate children, 
potentially standardizing reduction patterns across different age groups. This adjust-
ment might level the linguistic playing field, minimizing developmental differences 
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and resulting in similar reduction patterns (thus ratios) among both younger and older 
children.

Additionally, our findings indicate that lexicalized reduction ratios are item-specific 
and not directly correlated with the frequency of occurrence of these items in the dataset. 
This aligns with earlier research (Bodur et al., 2022, 2023) and highlights that the attrib-
utes of individual words or sequences, along with their usage contexts, may be more 
crucial in influencing whether a reduction occurs than their frequency alone. For exam-
ple, the token ‘puis’ had a 100% reduction ratio despite appearing only once, while 
‘parce que’ achieved a 96% reduction with 27 reduced occurrences. In contrast, ‘alors’, 
the most frequently occurring target token with 69 reductions out of 120 targets, had a 
lower reduction ratio of 57%.

By contrast, non-lexicalized reductions presented a very different pattern. As antici-
pated, these reductions, which involve more intricate phonological and motor processes, 
were almost absent in children’s speech. Only two children, one 7-year-old and one 
11-year-old, demonstrated this type of reduction. The remaining children showed no 
detectable non-lexicalized reductions using the bottom-up approach with the current 
parameters. In contrast, caregivers displayed a much broader range of non-lexicalized 
reductions varying from none (ID5) to 2.38 sequences per minute (ID15). This variabil-
ity among adults, compared to the limited occurrences in children, highlights the more 
advanced linguistic and motor control skills required for such reductions. Despite the 
system identifying a number of potential reductions – especially for children, some were 
erroneous due to challenges in detecting them accurately, often caused by pronunciation 
variations. The limited occurrence of non-lexicalized reductions in children can be attrib-
uted to the complexity of phonological, conversational, and cognitive-neuromotor skills 
involved in producing such reductions. Non-lexicalized reductions typically occur in 
easily predictable (Jurafsky et al., 2001) or less informative speech contexts (when both 
semantic and prosodic information are comparatively less important), where the reduc-
tion of phonetic segments doesn’t compromise the listener’s understanding. Despite the 
reduction of many segments both temporally and acoustically – sometimes even leading 
to the creation of vocoids from the original phonemes –, sufficient acoustic and phonetic 
information must remain for the sequence to be perceptible and comprehensible within 
the flow of speech. This process demands phonetic and phonological mastery, which 
children are still developing. Children, as observed in our data, produced significantly 
fewer reduced phonemes compared to caregivers, a trend that aligns with prior research 
showing that phonetic reduction patterns, especially vowel reduction, are not fully mas-
tered until late in linguistic development. For example, unstressed vowels in child speech 
are longer and less centralized than in adult speech (Redford, 2015). Pollock et al. (1993) 
similarly found that while unstressed syllable durations decrease over time in children’s 
speech, stressed syllable durations remain constant. The developmental trajectory of 
speech reduction reflects a gradual mastery of these complex processes, with reductions 
increasing as children gain linguistic proficiency.

Adults, by contrast, not only reduce phonemes more frequently but also exhibit flex-
ibility in when they reduce, exhibiting both hypo- and hyper-articulation depending on 
context (Lindblom, 1990), which is a hallmark of mature motor and linguistic control. 
Children, however, still lack this expertise, as seen in studies where they fail to 
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emphasize words after being misunderstood or do not systematically mark prosodic 
focus until around age 8 (Redford & Gildersleeve-Neumann, 2009; Chen, 2011). Our 
results support these findings, where non-lexicalized reductions among caregivers varied 
widely, but children displayed almost no non-lexicalized reductions, suggesting that 
these phonetic strategies are a product of more advanced linguistic and motor control 
systems, which develop with time and experience.

Children had significantly lower articulation rates, which likely contributed to the 
fewer non-lexicalized reductions observed in their speech. While lexicalized reductions 
can be produced even at slower speech rates, non-lexicalized reductions are more preva-
lent at faster rates, where phonetic compression and segmental overlap are more com-
mon. In our data, the frequency of non-lexicalized reductions per minute was strongly 
correlated with articulation rate, with caregivers primarily driving this effect. This sup-
ports the idea that higher speech rates facilitate the kinds of coarticulatory and temporal 
compression process (Johnson, 2004) underlying non-lexicalized reductions. 
Interestingly, articulation rate was also correlated with lexicalized reductions, though to 
a lesser extent. This might suggest that lexicalized reductions are possible to produce at 
slower rates, around hesitations and disfluencies, as these reductions are identified by the 
absence of specific phonemes/syllables or phonological changes, rather than the overall 
speed of speech. In contrast, non-lexicalized reductions are more influenced by overall 
speech speed and require more advanced coordination of linguistic and motor processes, 
which children are still developing. Additionally, our fixed-window detection method, 
validated on adult speech, may not have fully captured reductions in slower child speech, 
as fewer phonemes are produced per unit of time. This methodological constraint could 
have led to underestimation of non-lexicalized reductions in children.

In conclusion, our study reveals significant developmental distinctions between lexi-
calized and non-lexicalized reductions in children’s speech in addition to notable differ-
ences in language production, reduction performance, and articulation rates of children 
and caregivers. While children as young as 7 years old demonstrate an ability to produce 
lexicalized reductions at levels similar to adults, non-lexicalized reductions remain a 
challenge, possibly requiring more advanced linguistic and motor skills. Lexicalized 
reductions, being tied to specific lexical items and stored in the lexicon, are likely 
acquired earlier in development, much like other vocabulary items. In contrast, non- lexi-
calized reductions involve coordinating multiple linguistic levels across broader speech 
units, making them more complex and reflective of mature speech planning and execu-
tion. These results suggest that while children are capable of adopting adult-like reduc-
tion patterns in some cases, they have yet to fully master the more sophisticated reduction 
strategies that come with advanced language proficiency and motor control.

Limitations and future directions. The present study contributes to the existing litera-
ture on speech reduction by examining its occurrence in child–caregiver interactions and 
shedding light on the largely underexplored phenomenon of reduced speech production 
in middle childhood. However, certain limitations should be acknowledged. The primary 
limitation is the small sample size (n = 10), which restricts cross-group comparisons. 
While children produced several lexicalized reductions comparable to those of caregiv-
ers, non-lexicalized reductions were notably absent. We attribute this to the articulatory 
demands of such reductions, which are closely linked to higher speech rates. Additionally, 
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the absence of age effects in our study may be due to the relatively narrow age range 
(7–11 years). A larger and more age-diverse sample would offer a clearer picture of 
developmental trends in speech reduction.

Another consideration is the interaction between articulation rate and reduction detec-
tion. Since speakers with higher articulation rates can produce more phonemes per unit 
of time, our fixed detection window may have underestimated non-lexicalized reduc-
tions in children, who typically speak at slower rates. While our methodology has been 
validated in previous studies on adult speech, future research could explore refinements 
that account for individual differences in speech rate, potentially adjusting detection 
parameters to capture reductions more dynamically across different articulation rates. 
This could provide additional insights into how non-lexicalized reductions emerge in 
developing speakers.

The study’s conversational context is another factor to consider. Since interactions 
took place over Zoom during a loosely structured game, rather than in spontaneous, 
face-to-face conversations, the observed reduction patterns – or lack thereof – may 
have been influenced by the task setting. Although the task was designed to elicit 
casual, conversational speech through a word-guessing game, its turn-based nature 
may have nevertheless influenced the occurrence of speech reductions. Such settings 
may encourage more deliberate and careful articulation and may limit overlapping 
speech, reduce articulation rate/articulatory effort, and constrain conditions that typi-
cally favor reductions. Additionally, conducting the interaction via Zoom may have 
introduced subtle timing delays and reduced prosodic naturalness, further shaping how 
speech was produced. While lexicalized reductions may withstand such constraints, 
non-lexicalized reductions, which often rely on fast and fluid articulation, may have 
been more affected. Future research incorporating in-person interactions could offer 
valuable insights into how speech reduction develops in children and how different 
speaking contexts shape this process.

Despite these limitations and the small dataset, which can make generalization diffi-
cult, several key points warrant further investigation. Our findings contribute to the lim-
ited research on speech reduction in middle childhood, emphasizing the need for further 
studies with larger, more diverse datasets, broader age ranges, and different conversa-
tional settings to better understand the cognitive and developmental factors influencing 
reduction behavior.
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Notes

1.	 Audio–visual examples of non-lexicalized reductions will be available upon request in the 
Nakala repository.

2.	 The utterance containing this reduced sequence is ‘Tu peux en mettre dans la cuisine si t’as envie, 
et puis voilà. C’est tout à fait possible d’en mettre dans la cuisine, mais là, dans notre cuisine, je 
crois qu’il n’y en a pas’. (You can put some in the kitchen if you want, and that’s it. It’s totally pos-
sible to put some in the kitchen, but here, in our kitchen, I don’t think there are any.)

3.	 The Kruskal–Wallis test was chosen for across-group comparisons due to its non-parametric 
nature, eliminating the need for normality assumptions, which is particularly beneficial with 
the study’s small sample size.
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6.3. Conclusion to the chapter 
 

 

This chapter has presented a comprehensive investigation of speech reduction in 

children during middle childhood. By focusing on naturalistic caregiver-child 

interactions, this study provided complementary insights into how reduction 

mechanisms, particularly lexicalized and non-lexicalized forms, emerge and are used 

during this phase of linguistic development. 

 

First, this study significantly extends the scope of reduction research to include 

children's speech, a domain that has historically been overshadowed by adult-oriented 

studies. Contrary to assumptions that reduction mechanisms are fully established by 

early adolescence (Redford, 2019b), our findings show that children continue to develop 

advanced reduction forms well into middle childhood. This supports the growing view 

that speech reduction is a developmentally sensitive phenomenon, shaped by cognitive, 

phonological, and motor skills’ maturation (M. A. Redford, 2015b).  

 

Second, the findings reinforce the importance of differentiating between lexicalized 

and non-lexicalized reductions (LR and NLR). While children exhibited adult-like 

patterns for commonly lexicalized reductions, likely due to their frequency and 

entrenchment in the input, non-lexicalized reductions were rarely observed. This 

divergence supports the hypothesis that temporal and articulatory reductions involve 

greater articulatory and cognitive demands and thus emerge later in development (Green 

et al., 2000; M. A. Redford, 2015a). Such a distinction adds granularity to current 

theoretical models by suggesting separate acquisition paths for different reduction types, 

moving beyond binary frameworks of “present” or “absent” reduction behaviors. 

 

Third, the study offers empirical evidence linking articulation rate to reduction 

behavior. Articulation rate increased with age and positively correlated with overall 

reduction frequency, underscoring the role of speech motor development in facilitating 

reduction. This aligns with broader developmental research showing that increased 

motoric efficiency supports more fluent and reduced speech production over time 

(Flipsen, 2003; Haselager et al., 1991; M. A. Redford, 2019b). These developmental 
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increases reflect not only motoric maturation but also growing fluency in speech planning 

and execution, both crucial for the production of phonetic reductions. Our findings 

suggest that as children's articulation becomes faster and more efficient with age, their 

capacity to produce reductions, particularly non-lexicalized forms, might also improve 

later in their developmental trajectory. This supports the view that reduction is not 

merely an automatic byproduct of casual speech but is tied to the development of 

articulatory skill and fluency. Consequently, articulation rate can be seen as a useful 

proxy for the underlying speech motor control that enables increasingly adult-like 

reduction behavior. 

 

Fourth, the lack of a strong correlation between children’s reduction patterns and those 

of their caregivers suggests that reduction may not be directly shaped by caregiver input, 

at least not in a straightforward, imitative manner. This challenges traditional input-

driven models (e.g., (Kuhl, 2004)) and supports theories that posit a larger role for internal 

developmental trajectories in the emergence of spontaneous speech features. 

 

Finally, the observation that 7- and 11-year-olds showed similar patterns for LR but 

struggled with NLR identifies a developmental milestone in the acquisition of 

spontaneous speech. This provides a framework for future work examining the 

longitudinal trajectory of reduction behavior across childhood and adolescence, and how 

it intersects with broader dimensions of linguistic and cognitive growth. 

 

In sum, this chapter contributes to a more developmentally-informed understanding 

of speech reduction, offering robust empirical evidence that reduction is not a monolithic 

or automatic process, but a learned and gradually acquired behavior. It underscores the 

importance of differentiating between types of reduction, highlights the role of motoric 

and cognitive factors, and challenges simplistic models of phonetic acquisition. These 

findings open up new avenues for studying how children become proficient speakers, 

not only through mastering formal structures of language, but also through acquiring the 

subtle, context-sensitive phonetic behaviors that define natural, fluent speech. 
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Chapter 7- General Discussion 

This dissertation set out to investigate speech reduction as a complex, structured, and 

context-sensitive phenomenon, moving beyond the view of reduction as a uniform or 

purely phonetic process. The primary goal was to understand how and why speech 

reductions occur in casual, spontaneous conversation, and to explore their interaction 

with different linguistic domains, including prosody, morphosyntax, and language 

development. A central hypothesis was that speech reduction would encompass distinct 

types that are shaped by different cognitive, linguistic, and contextual factors. To address 

this, the dissertation proposed a novel distinction between two types of reductions: 

lexicalized and non-lexicalized, each with its own distributional and functional 

characteristics. 

 

The four studies presented in this thesis provide detailed empirical support for our 

hypothesis. The first study (Chapter 3) introduced the distinction between what we call 

lexicalized and non-lexicalized reductions. Lexicalized forms appeared consistently 

across speakers, were unaffected by articulation rate, and were not tightly linked to 

contextual variation. These patterns suggested that such forms might be restored in the 

mental lexicon and retrieved as whole units. In contrast, non-lexicalized reductions 

(characterized by temporally compressed zones in the speech flow) were relatively more 

variable. They occurred across different word combinations, showed strong sensitivity to 

articulation rate, and were influenced by morphosyntactic and prosodic structure. These 

reductions seem to arise from real-time articulatory planning and reflect more context-

dependent processes. 

 

The second study (Chapter 4) examined vowel space properties and their relationship 

to non-lexicalized reductions. Speakers with smaller vowel spaces and less distinct 

articulation were more likely to produce temporally reduced sequences, especially when 

speaking at faster rates. Articulation rate consistently emerged as the strongest predictor 

of non-lexicalized reductions across multiple models. Importantly, the effect of vowel 
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space size on non-lexicalized reductions was only significant when articulation rate was 

included. This points to an interaction between temporal and spatial constraints in speech 

production. Gender, in contrast, was not a significant predictor once these articulatory 

factors were accounted for, suggesting that previously observed gender effects may 

reflect differences in articulation rate rather than inherent gender-based patterns. 

 

The third study (Chapter 5) explored the prosodic positioning of non-lexicalized 

reductions in French. Reductions occurred most often in the middle of Intonational 

Phrases (IPs), where prosodic prominence tends to be lower. This supports the idea that 

prosodically weaker positions favor reduction. Reductions also appeared frequently at 

the junction between Accentual Phrases (APs), especially when function words were 

involved. These words were often informationally redundant and prone to being 

compressed or merged with surrounding material. While the general distribution was 

consistent, speaker-specific variation was notable. Some speakers reduced far more than 

others, even when articulation rate was comparable, suggesting that individual speaking 

styles also play a role. 

 

The fourth and final study (Chapter 6) examined how speech reduction manifests itself 

in children aged 7 to 11, comparing their production patterns to those of their caregivers 

during naturalistic interactions. The results revealed a clear developmental contrast 

between lexicalized and non-lexicalized reductions. Lexicalized reductions -those tied to 

specific word forms- were already well established in children’s speech. Both age groups 

produced these reductions at rates similar to caregivers, with no significant 

developmental differences. This suggests that children internalize these forms early, 

likely through frequent exposure, and store them as part of their mental lexicon. In 

contrast, non-lexicalized reductions, which require more complex phonetic and prosodic 

adjustments, were virtually absent in children but varied widely among adults. These 

reductions correlated strongly with articulation rate, which was significantly lower in 

children. This supports the view that non-lexicalized reductions demand mature speech 

planning and motor control, still developing in middle childhood. Taken together, these 

findings suggest that while lexicalized reductions emerge early, non-lexicalized 

reductions reflect a later stage of linguistic and articulatory development. 
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Building on the findings across these four studies, this dissertation advances the claim 

that speech reduction is not a unitary phenomenon, but a structured, multifaceted 

process shaped by lexical, prosodic, cognitive, and developmental constraints. A central 

theoretical proposition that emerges from this work is that not all reductions are of the 

same kind and therefore cannot be studied through a single analytic lens. To address this 

heterogeneity, we proposed a heuristic distinction between Lexicalized Reductions (LR) 

and Non-Lexicalized Reductions (NLR); not as a rigid binary classification, but as a 

conceptual framework for exploring diverse mechanisms that underlie different types of 

reduction. This distinction is inherently exploratory and aims to broaden existing 

perspectives on reduction by acknowledging the multiplicity of forms it may take and 

the layered sources (representational, contextual, articulatory) that shape their 

realization, rather than offering a definitive typology. To empirically explore this 

distinction, we implemented two complementary detection methodologies; a top-down, 

representation driven approach, and a bottom-up, signal driven approach. Each of these 

is underpinned by distinct theoretical assumptions about the nature of reduction, which 

could enrich the ongoing discussions about whether and to what extent reductions are 

stored, planned, or computed in real-time.  

 

The top-down detection approach is premised on the supposition that certain reduced 

sequences, especially those that are frequent, perceptually more robust, and 

pragmatically routinized, may be represented holistically in the mental lexicon, 

consistent with usage-based theories of language and the exemplar model of 

phonological representation (Bybee, 2002a; Pierrehumbert, 2002). Importantly, the very 

fact that native speakers could not only recognize these reductions but also actively 

suggest plausible reduced variants (see Methodology section for the selection of the 13 

target items) points to the existence of pre-compiled or at least highly entrenched 

representations. This aligns with the usage-based models of language (Bybee, 2002a), 

where frequently encountered and predictably reduced forms may become 

conventionalized and stored as exemplar clusters; rich memory traces that encode 

phonetic detail, frequency, contextual information, and social-indexical cues. 

 

In the exemplar framework, linguistic knowledge emerges from rich episodic traces of 

previous experiences with language use. Frequent sequences such as [ʃɛpa] for je ne sais 

pas [ʒə nə sɛ pa] may thus become stored as units not merely because of categorical rules 
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but through recurrent exposure to specific phonetic variants across communicative 

contexts. Indeed, in the exemplar theory (Bybee & Torres, 2008; Pierrehumbert, 2008a), 

lexical representations are thought to emerge not from abstract rules but from the 

accumulation of detailed phonetic episodes. Over time, high-frequency, prosodically 

cohesive sequences (particularly those in functionally redundant or predictable contexts) 

may form dense exemplar clouds, stabilizing their phonetic shape and facilitating rapid 

access and production. This model accommodates the presence of reduced forms like 

[ʃɛpa] in the lexicon without needing to posit categorical reanalysis; rather, lexicalization 

is a gradient outcome of usage patterns and memory entrenchment. Crucially, this 

implies that LR can be considered as not just articulatory shortcuts but stored linguistic 

units, subject to frequency effects, priming, and possibly even semantic bleaching.  

 

Moreover, this perspective does not deny the role of articulatory constraints; rather, it 

emphasizes that such constraints are rarely the sole explanation for reduction; except 

perhaps in cases of extreme speech rate. Instead, articulatory pressures often act as a 

vehicle for expressing other types of constraints such as those related to predictability, 

attention, or communicative intent. Over time, patterns of phonetic realization, when 

frequent, predictable and socially shared, can be learned and represented in long-term 

memory. As Pierrehumbert (2002, 2008b, 2016) has argued, such storage is not 

constrained to discrete phonemic forms but may still include parametric detail and 

contextual metadata. Admittedly, there are strong typological tendencies in principles of 

phonetic realization, often grounded in constraints of motor control and auditory 

perception. However, the exact relationship between phonological categories and 

phonetic realizations is language-specific (Mielke, 2008). For example, although there is 

nearly a universal tendency for vowels to be nasalized before nasal stops, the time course 

and extent of such coarticulatory effects might vary across languages, and even over time 

within the same language (Beddor, 2009). What allows these phonetic regularities to 

shape lexical storage is the capacity of memory to encode gradient, multi-dimensional 

experiences. According to the episodic model, speech processing is driven not by 

idealized forms but by a memory system capable of retaining vast, fine-grained 

information, including time, speaker identity, social context, and emotional valence. Even 

though much of this process is unconscious, the memory system supports detailed 

representations of spoken utterances, which over time may give rise to conventionalized 

lexical items that retain traces of their experiential origins. In the context of lexicalized 
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reductions, such a mechanism may be conceptualized in two ways: either as a rich 

accumulation of episodic memories, each encoding temporal, social, and affective 

information; or as a parametric representation of phonetic distributions, continuously 

updated with exposure (Pierrehumbert, 2002). While these approaches differ in 

granularity and mechanism, they share the assumption that gradient phonetic detail is 

encoded in memory, and that phonological representations interface with more 

continuous, multidimensional maps of the phonetic space.  

 

Nonetheless, the assumption that a reduced form is stored must be treated with 

caution. Not all frequent reductions might be necessarily lexicalized; frequency alone is 

insufficient to guarantee entrenchment or mental representation. Experimental 

validation, such as perception studies, priming tasks, or neuroimaging, would be 

required to demonstrate whether specific reduced forms are accessed as wholes rather 

than assembled on the fly. Some studies suggest that listeners often reconstruct reduced 

forms online by relying on contextual cues, syntax, and word knowledge (Kemps et al., 

2004; Mitterer & Ernestus, 2008). Therefore, while our top-down method is suitable for 

identifying highly routinized, perceptually accessible reductions, it may overestimate the 

degree of lexicalization without further psycholinguistic evidence.  

 

In contrast, the bottom-up method implemented in this dissertation provides a 

complementary perspective, one that is agnostic to lexical status and sensitive instead to 

finer phonetic and contextual variation. By using an automated, phonetically driven 

detection algorithm, we identified reduction events that were not easily recognizable to 

speakers in isolation and often involved syntactically diverse words. These findings 

challenge the assumption that all reductions are stored forms; rather, they point to a class 

of reductions -NLRs as we proposed- that are shaped by local processing constraints, 

especially articulation rate, prosodic boundaries, and morpho-syntactic structure. 

Previous research has shown that increased articulation rate leads to gestural overlap, 

segmental undershoot, and increased coarticulation (Aylett & Turk, 2004; Gahl et al., 

2012). Our findings support this view, as temporally compressed sequences were 

significantly more correlated with higher articulation rates. One of the most significant 

findings of this dissertation, presented in Chapter 4, concerns the role of articulation rate 

in shaping NLRs in speech. These results challenge the common assumption that 

segmental cues such as vowel centralization, reduced vowel space, or diminished vowel 
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distinctiveness are direct or sufficient indicators of reduction. While such acoustic 

properties have traditionally been regarded as hallmark indicators of phonetic reduction 

(Johnson, 2004; Lindblom, 1990), our findings show that they do not consistently correlate 

with the occurrence of temporally compressed sequences that qualify as NLRs. That is, 

although vowel centralization is often interpreted as a proxy for articulatory undershoot 

or target weakening, it does not reliably predict the presence of NLRs. This result 

questions reductionist accounts that rely on segmental metrics in isolation and 

underscores the need to consider suprasegmental and temporal factors, such as 

articulation rate, in explaining the emergence of NLRs. 

 

Critically, however, these segmental features do not operate in a vacuum. Our data 

indicates that while reduced vowel space and diminished vowel contrast were not 

directly correlated with increased NLR occurrence, they interact systematically with 

articulation rate, which emerged as a robust predictor of NLR. Specifically, speakers with 

large vowel spaces and high vowel distinctiveness, traits that are often associated with 

hyper-articulated, intelligibility-focused speech (Bradlow et al., 1996; Ferguson & 

Kewley-Port, 2002), may still exhibit elevated rates of NLR when speaking at high 

articulation rates. This suggests that NLRs arise not from a speaker’s phonetic base level 

of precision, but from dynamic adjustments to speech tempo, where coarticulatory 

overlap and gestural compression become more likely under increased temporal 

constraints (Byrd & Choi, 2010). This dissociation underscores an important theoretical 

point: reduction is not reducible -ironically- to formant shifts. Segmental properties such 

as vowel space area or vowel centralization must be interpreted within the broader 

prosodic and temporal structure of the utterance. Therefore, while vowel space area has 

been linked to speech clarity and intelligibility (Munson & Solomon, 2004), it should not 

be treated as a causal factor or predictor of reduction in spontaneous speech. It is 

important to clarify that these features are rather outcomes, or surface manifestations of 

reduction. In the case of NLRs, which involve temporal compression and articulatory 

overlap, the observed narrowing of the vowel space probably reflects the phonetic 

realization of these processes, not an independent factor driving them. In this sense, 

reduction in vowel space area co-occurs with NLRs but does not predict or explain their 

presence on its own. These patterns are shaped by broader speech-planning parameters, 

such as utterance length, lexical predictability, and prosodic boundary strength (Bell et 

al., 2009; Pluymaekers et al., 2005). This view aligns with critiques of over-reliance on 
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formant-based metrics in spontaneous speech analysis. As Zellou and Tamminga (2014) 

argue, the time course and functional role of segmental changes in natural speech are 

deeply conditioned by language-specific patterns and speech rate variability. 

Additionally, while motor constraints may yield universal tendencies toward 

coarticulatory reduction, the manifestation of these patterns is shaped by the language’s 

prosodic and lexical architecture (Mielke, 2008). Consequently, our data advocate for a 

holistic framework in which reduction is examined not just as vowel undershoot or target 

loss, but as the emergent outcome of competing demands on planning, intelligibility, and 

efficiency within connected speech (Hall et al., 2018).  

 

These findings echo and extend calls from Scarborough (2013) and Ernestus and 

Warner (2011) for a multi-level approach to reduction; one in which formant-based cues 

are understood as downstream consequences of more global factors like prosodic 

boundary strength, lexical predictability, or articulation rate. In this model, formant 

metrics lose their diagnostic power when decoupled from their contextual occurrence. 

 

Moreover, this perspective also aligns with Turk and Shattuck-Hufnagel’s (2020) 

argument that reduction emerges from competition between prosodic structuring, lexical 

access, and motor timing, rather than as a unidimensional acoustic artifact. In this 

framework, high articulation rate acts as a rate-dependent trigger for compression, 

producing NLRs not as byproducts of vowel reduction per se, but as the temporal 

reorganization of articulatory gestures. This interpretation resonates with findings in the 

motor control literature, where increased speech rate induces gestural overlap and 

truncation effects (Gahl et al., 2012), and where coarticulatory dynamics override 

segmental identity in shaping speech output. Thus, our findings suggest a 

conceptualization of NLR as fundamentally a prosodically modulated, rate-sensitive 

phenomenon, rather than a segmentally driven one. In this light, classic vowel reduction 

markers should be treated not as universal indexes of reduction, but as context-sensitive 

acoustic tendencies whose functional role depends on broader speech planning 

parameters. Importantly, this perspective supports a growing body of work that critiques 

the sufficiency of vowel-based metrics for capturing reduction in spontaneous, connected 

speech (Smiljanić & Bradlow, 2005). 
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Interestingly, the NLR detected through bottom-up method were less likely to recur in 

stable, repeatable forms across speakers and more likely to involve novel or lower-

frequency lexical combinations. This pattern suggests that such reductions are probably 

generated dynamically in response to online production demands. In particular, they 

appear to arise from real-time articulatory optimization and cognitive load management, 

where speakers might compress speech to meet timing constraints or maintain fluency 

under pressure. This aligns with models that emphasize situational and efficiency-based 

adaptations over lexicalized storage, such as the principle of communicative efficiency 

(Piantadosi et al., 2011), where speakers economize effort in contexts where predictability 

or redundancy permits greater phonetic lenition. Moreover, the emergence of NLRs 

appears to be highly speaker-dependent, both in form and frequency. That is, different 

speakers showed idiosyncratic reduction patterns, often targeting different word 

combinations. Such variability suggests that these reductions and their frequency are 

shaped not only by universal articulatory or cognitive constraints, but also by individual 

differences in speech planning strategies, articulatory habits, and prosodic preferences. 

This observation aligns with prior work showing substantial inter-speaker variability in 

reduction strategies, coarticulatory behavior, and linguistic performance (Gahl & 

Garnsey, 2004). In this view, NLRs do not represent stored, frequency-driven templates, 

but rather reflect a speaker-specific recalibration of motor plans in response to contextual 

and prosodic constraints. Their episodic and transient nature makes them less amenable 

to lexicalization, and less likely to be perceptually salient or easily recognized across 

speakers. 

 

A result that further underscores the potential divergence between these two reduction 

types is that the bottom-up, phonetic signal-based system did not detect a significant 

number of the reductions identified through the top-down approach. That is, many of the 

reduced occurrences of sequences proposed by native speakers as plausible or familiar 

reduced forms did not emerge through the automated detection algorithm. This 

discrepancy likely stems from a methodological asymmetry: the bottom-up approach 

was calibrated to detect extreme reductions (e.g., sequences of six phonemes produced in 

under 230 milliseconds). However, many LRs are shorter and do not meet this strict 

temporal threshold, which means the bottom-up system would not be able to capture 

them. Had the detection script been set to identify shorter sequences, for example, two 

phonemes in 50ms or three in 80ms, it may well have retrieved a greater number of LRs.  
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This methodological consideration invites caution in interpreting detectability as a 

direct reflection of cognitive or phonological status. Still, the fact that LRs tend not to 

exhibit the same degree of segmental compression as NLRs may indicate that they differ 

not only in origin but also in their typical acoustic and prosodic profiles. Rather than 

arising from real-time articulatory compression, many LR forms appear to follow more 

stable, routinized phonetic patterns that do not rely on maximally compressed or 

segmentally ambiguous realizations. Instead, they may achieve perceptual coherence 

through regularized, possibly stored templates in the mental lexicon. In that sense, their 

reduction may be phonologized in ways that make them less rate-sensitive than NLRs, 

which are more likely to emerge under transient production pressures such as increased 

articulation rate or prosodic weakening. This pattern supports the idea that LR and NLR 

reductions often reflect distinct tendencies in the speech production system, though the 

boundary between them remains methodologically and conceptually porous. 

 

The developmental findings of this dissertation further support the proposed 

distinction between LR and NLR by highlighting the different acquisition trajectories and 

cognitive demands associated with each type. Notably, children in our study produced 

LR forms at rates comparable to adults, suggesting that such reductions are acquired 

early, likely through frequent exposure and entrenchment in the input. This is consistent 

with usage-based models of language acquisition, in which high frequency, routinized 

sequences are internalized as dictionary items through repeated experience (Bybee, 

2002b; Cameron-Faulkner et al., 2003). These stored forms require minimal online 

computation and can be retrieved holistically, making them accessible even to children 

with still-developing phonological and motor control systems. The exemplar model 

(Pierrehumbert, 2001) provides a robust theoretical framework here: through exposure 

to rich, detailed phonetic input, children accumulate token-specific memory traces that, 

over time, stabilize into conventionalized, frequency-driven forms. This process allows 

children to reproduce LR variants such as [ʃɛpa] for je ne sais pas without needing to derive 

them from scratch. 

 

In contrast, we suggest that the production of NLR is more cognitively and motorically 

demanding. Unlike lexicalized forms, which are more likely to be stored as holistic, 

routinized units, NLRs are more likely to emerge from dynamic articulatory processes 
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such as gestural overlap, prosodic compression, and context-sensitive variation. 

Successfully producing such reductions requires fine-tuned temporal coordination and 

anticipatory planning across segments and words, skills that are known to develop 

gradually over the course of childhood (Redford, 2015a; Smith & Goffman, 2004). One 

major developmental constraint is articulation rate: children typically speak more slowly 

than adults, reflecting not only their emerging motor control but also their relatively 

limited planning efficiency (Redford, 2014). Given the strong association increased 

articulation rate and NLR occurrence in our data, this slower tempo may help explain 

why children struggle to produce NLR forms: the temporal demands that facilitate 

coarticulatory reduction and prosodic compression often exceed their available cognitive 

and motor resources. 

 

This raises a broader question: are NLRs merely mechanical by-products of fast speech, 

or do they reflect higher-order, linguistically structured processes? Our findings support 

the latter interpretation. The relative absence of NLRs in children’s speech suggests that 

these forms rely on advanced planning capacities and sensitivity to prosodic structure, 

abilities that are not yet fully available in early development. In contrast, children’s 

successful production of LRs implies that such forms depend less on online computation 

and more on entrenched representations. This developmental asymmetry reinforces the 

distinction between stored and dynamically generated reductions and supports the view 

that speech reduction operates across multiple levels of representation and control. 

Crucially, this perspective situates reduction as a learned skill, acquired gradually and 

shaped by cognitive, motoric, and prosodic development. The LR/NLR distinction thus 

provides not only a useful framework for analyzing adult speech but also a 

developmental lens through which to trace the acquisition of spoken language 

competence, revealing how growing fluency, rate control, and planning sophistication 

mediate the emergence of different reduction patterns. 

 

Yet the proposed LR/NLR distinction represents only a starting point; a single 

dimension in what is likely a far more complex typology of reduction phenomena. Future 

work should expand this typological framework to encompass other organizing axes, 

such as sociolinguistic variation (e.g., register, formality, identity-indexing), discourse 

factors (e.g., information structure, topic continuity, predictability), and cognitive 

mechanisms. By moving beyond a solely phonetic or articulatory perspective, and 
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toward a model that incorporates social, structural, and communicative constraints, we 

gain a more complete picture of reduction as a strategic linguistic process. This broader 

typology not only enhances our theoretical understanding of language use but also opens 

avenues for cross-disciplinary integration with fields such as sociolinguistics, 

psycholinguistics, and pragmatics. 

 

 In summary, this dissertation offers both a conceptual and methodological shift in the 

study of speech reduction. Theoretically, it advances the LR/NLR distinction and 

reframes reduction as a multi-level, context-sensitive phenomenon, by providing a 

theoretical lens to interpret different manifestations of speech reduction. Rather than 

attempting to categorically separate reductions, this framework encourages researchers 

to consider the spectrum of reduction mechanisms, ranging from stored exemplars to 

online phonetic optimization. Methodologically, it introduces a two-step detection 

protocol that scales to naturalistic corpora and accommodates both stored and emergent 

forms. Empirically, it demonstrates how reduction patterns interface with prosody, 

segmental properties, and developmental progression. Developmentally, it provides 

strong evidence that reduction is not innate but acquired, highlighting its dependence on 

maturing cognitive and motor systems. Finally, this work lays the groundwork for future 

research in psycholinguistic testing, experimental design, and cross-linguistic 

comparison. By foregrounding the tension between efficiency and structure, fluency and 

control, this thesis positions speech reduction as a key to understanding how language is 

planned, produced, and ultimately learned. 
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Conclusion 

This dissertation advances a reconceptualization of speech reduction as a structured, 

multi-layered phenomenon that transcends the earlier views of reduction as a purely 

phonetic or articulatory artifact. Drawing on evidence from the four studies proposed in 

the thesis, the findings consistently demonstrate that reduction in speech is governed by 

a constellation of linguistic and cognitive constraints, including lexical representation, 

prosodic structuring, and developmental maturation. Rather than occurring randomly or 

solely in response to articulatory ease, reduction patterns systematically aligned with 

utterance position, lexical frequency and routinization, and the gradual acquisition of 

speech planning mechanisms in childhood. These results converge to support the view 

that reduction reflects a form of linguistic planning embedded within the broader 

architecture of speech production (Aylett & Turk, 2004; Bell et al., 2009; Wagner & 

Watson, 2010). Crucially, reduction operates at the interface between phonetic realization 

and higher-order processes such as prosodic encoding, lexical access, and communicative 

efficiency, thereby challenging reductionist accounts that localize it solely at the phonetic 

or articulatory level (e.g., Lindblom, 1990). By foregrounding the structured nature of 

reduction across developmental and contextual dimensions, this dissertation positions it 

as a revealing locus for understanding the coordination of form and function in spoken 

language. 
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ANNEX 

 

The words detected through the bottom-up approach are listed. For each word, we report 

the number of times it was detected in the reduced sequences, as well as its total 

frequency in the corpus (CID), resulting in its corresponding reduction ratio. 

 

Word 

Times in 
reduced 
sequences Total occurrence in corpus Ratio 

accord 1 1 1 

appartenaient 1 1 1 

appréciable 1 1 1 

arti- 1 1 1 

avoi- 1 1 1 

boirais 1 1 1 

bouquinais 1 1 1 

boursier 1 1 1 

bracelet 1 1 1 

catastrophiste 1 1 1 

catégorie 1 1 1 

Chéryl 1 1 1 

cinoche 1 1 1 

construisait 1 1 1 

contrôleur 1 1 1 

critères 1 1 1 

débranché 1 1 1 

décharge 1 1 1 

démerdé 1 1 1 

descriptions 1 1 1 

développer 1 1 1 

dialogue 1 1 1 

dir- 1 1 1 

donnais 1 1 1 

écrivent 1 1 1 

engueulé 1 1 1 

entraînement 1 1 1 

expliques 3 3 1 

factures 3 3 1 

fourrure 1 1 1 



fout- 1 1 1 

fouteuse 1 1 1 

galeries 1 1 1 

gardait 1 1 1 

gestionnaire 1 1 1 

impressio- 1 1 1 

incidence 1 1 1 

inconvénient 1 1 1 

inscrivez 1 1 1 

introduit 1 1 1 

kilomètres 1 1 1 

Lafayette 1 1 1 

lectures 1 1 1 

levait 1 1 1 

manuel 1 1 1 

Marie-Laure 1 1 1 

orthophoniste 1 1 1 

perçois 1 1 1 

plais- 1 1 1 

poss- 1 1 1 

prendra 1 1 1 

préparation 1 1 1 

reçus 1 1 1 

regardée 1 1 1 

renvoies 1 1 1 

repar- 1 1 1 

résumer 1 1 1 

ro- 1 1 1 

science-fiction 1 1 1 

signalisations 1 1 1 

SNCF 1 1 1 

souviendrai 1 1 1 

spécialiste 1 1 1 

store 2 2 1 

surveilles 1 1 1 

traînaient 1 1 1 

venues 1 1 1 

voies 1 1 1 

utilisateurs 3 4 0,75 

enregistrements 2 3 0,666666667 

croyais 7 11 0,636363636 

électricité 5 8 0,625 

adhésif 1 2 0,5 

allocataire 1 2 0,5 



animation 1 2 0,5 

Arabie 1 2 0,5 

assisté 1 2 0,5 

bouffait 1 2 0,5 

casseroles 1 2 0,5 

changement 1 2 0,5 

chataîgnes 1 2 0,5 

chihuahua 1 2 0,5 

considéré 1 2 0,5 

construction 1 2 0,5 

construisent 2 4 0,5 

croyait 1 2 0,5 

débrouillait 1 2 0,5 

déclarés 1 2 0,5 

dépressive 1 2 0,5 

dernières 2 4 0,5 

descriptive 1 2 0,5 

devraient 1 2 0,5 

dirigiste 1 2 0,5 

écrivait 1 2 0,5 

électriques 1 2 0,5 

espagnol 1 2 0,5 

essaies 2 4 0,5 

éteindre 1 2 0,5 

expressions 1 2 0,5 

extérieur 1 2 0,5 

extraterrestre 1 2 0,5 

extraterrestres 1 2 0,5 

frustrations 1 2 0,5 

gigantesque 1 2 0,5 

graduate 1 2 0,5 

insulte 1 2 0,5 

inutile 1 2 0,5 

journaliste 2 4 0,5 

la_plupart 1 2 0,5 

La_Rochelle 1 2 0,5 

Las 1 2 0,5 

lignes 1 2 0,5 

lucarne 1 2 0,5 

marchais 1 2 0,5 

marseillais 1 2 0,5 

mémoire 1 2 0,5 

méthodes 1 2 0,5 

minotte 1 2 0,5 



moyenne 1 2 0,5 

néanderthal 1 2 0,5 

nouvelles 2 4 0,5 

ouvrent 1 2 0,5 

parcelles 1 2 0,5 

participait 1 2 0,5 

particulièrement 1 2 0,5 

personnalité 1 2 0,5 

pleuré 1 2 0,5 

plupart 1 2 0,5 

prétexte 1 2 0,5 

provençale 1 2 0,5 

randonnée 1 2 0,5 

reçoit 1 2 0,5 

réfugié 1 2 0,5 

ren- 1 2 0,5 

reparti 1 2 0,5 

répondu 1 2 0,5 

résiliations 1 2 0,5 

restés 1 2 0,5 

retrouvait 1 2 0,5 

reviennent 1 2 0,5 

ruban 1 2 0,5 

sèche 1 2 0,5 

sélectionné 1 2 0,5 

siestes 1 2 0,5 

signaux 1 2 0,5 

signent 1 2 0,5 

surprise 1 2 0,5 

trajet 1 2 0,5 

trouvés 1 2 0,5 

tuyau 1 2 0,5 

unité 2 4 0,5 

construire 3 7 0,428571429 

animateurs 2 5 0,4 

devient 2 5 0,4 

linguistique 2 5 0,4 

Nassima 2 5 0,4 

obligés 2 5 0,4 

travaillait 2 5 0,4 

doivent 3 8 0,375 

dois 5 14 0,357142857 

accouchement 2 6 0,333333333 

administration 1 3 0,333333333 



aimé 1 3 0,333333333 

aimerais 2 6 0,333333333 

boutique 1 3 0,333333333 

cités 1 3 0,333333333 

comprendre 2 6 0,333333333 

construit 1 3 0,333333333 

CPE 1 3 0,333333333 

débrancher 1 3 0,333333333 

devrais 1 3 0,333333333 

différentes 1 3 0,333333333 

échappé 1 3 0,333333333 

engrainé 1 3 0,333333333 

enregistres 1 3 0,333333333 

envoyaient 2 6 0,333333333 

euh- 2 6 0,333333333 

expression 1 3 0,333333333 

falloir 3 9 0,333333333 

généralement 2 6 0,333333333 

glisser 1 3 0,333333333 

grands-pères 1 3 0,333333333 

hiérarchiques 1 3 0,333333333 

influence 1 3 0,333333333 

interprétation 1 3 0,333333333 

loué 1 3 0,333333333 

matinée 1 3 0,333333333 

occasion 1 3 0,333333333 

oublié 2 6 0,333333333 

post_graduate 1 3 0,333333333 

propriétaire 1 3 0,333333333 

psychologue 1 3 0,333333333 

rattachement 1 3 0,333333333 

recruté 1 3 0,333333333 

rectorat 1 3 0,333333333 

regardaient 1 3 0,333333333 

Rémi 2 6 0,333333333 

rentrait 1 3 0,333333333 

réveillé 1 3 0,333333333 

réveillée 1 3 0,333333333 

rouler 1 3 0,333333333 

Roxane 1 3 0,333333333 

scotch 1 3 0,333333333 

sucre 2 6 0,333333333 

terminé 1 3 0,333333333 

théoriquement 1 3 0,333333333 



traité 1 3 0,333333333 

utiliser 1 3 0,333333333 

voient 1 3 0,333333333 

voyez 2 6 0,333333333 

avoir 36 112 0,321428571 

droit 7 22 0,318181818 

plusieurs 5 16 0,3125 

appelait 3 10 0,3 

aujourd'hui 3 10 0,3 

demandait 3 10 0,3 

obligé 7 24 0,291666667 

première 7 24 0,291666667 

enregistrer 2 7 0,285714286 

es- 2 7 0,285714286 

premières 2 7 0,285714286 

régler 2 7 0,285714286 

retrouvée 2 7 0,285714286 

trouvait 2 7 0,285714286 

pouvoir 5 18 0,277777778 

crois 32 117 0,273504274 

normalement 6 22 0,272727273 

allumer 1 4 0,25 

balade 1 4 0,25 

celui-là 2 8 0,25 

césarienne 1 4 0,25 

commençais 1 4 0,25 

créé 1 4 0,25 

cuillère 1 4 0,25 

discuté 1 4 0,25 

essayait 2 8 0,25 

exo-planètes 1 4 0,25 

fur_a_mesure 1 4 0,25 

habitude 1 4 0,25 

in- 1 4 0,25 

inscription 1 4 0,25 

instruments 1 4 0,25 

limite 7 28 0,25 

logique 1 4 0,25 

maire 1 4 0,25 

maîtrise 1 4 0,25 

manière 1 4 0,25 

maximum 1 4 0,25 

oeuvre 1 4 0,25 

pare-brise 1 4 0,25 



Patrick 1 4 0,25 

patronne 1 4 0,25 

plombes 1 4 0,25 

quarts 1 4 0,25 

racheté 1 4 0,25 

rapports 1 4 0,25 

reçu 1 4 0,25 

relativement 1 4 0,25 

responsable 1 4 0,25 

sieste 1 4 0,25 

téléphoné 1 4 0,25 

troisième 3 13 0,230769231 

logiciel 2 9 0,222222222 

personnellement 2 9 0,222222222 

pourrait 3 14 0,214285714 

pourquoi 11 53 0,20754717 

accouché 1 5 0,2 

allaient 1 5 0,2 

amené 1 5 0,2 

argent 1 5 0,2 

balancé 1 5 0,2 

commençait 1 5 0,2 

convoqué 1 5 0,2 

écrire 1 5 0,2 

envoyer 1 5 0,2 

êt- 1 5 0,2 

étrangers 1 5 0,2 

expériences 1 5 0,2 

lycée 1 5 0,2 

malin 1 5 0,2 

mauvaise 1 5 0,2 

nettoyer 1 5 0,2 

obligée 1 5 0,2 

parlais 2 10 0,2 

parlent 2 10 0,2 

prénoms 1 5 0,2 

profs 1 5 0,2 

protéger 1 5 0,2 

recherche 2 10 0,2 

regardais 1 5 0,2 

reviens 1 5 0,2 

rigole 1 5 0,2 

semblait 1 5 0,2 

Sian 1 5 0,2 



suis 20 102 0,196078431 

doit 13 67 0,194029851 

c'est-à -dire 3 16 0,1875 

trouvais 3 16 0,1875 

foyer 2 11 0,181818182 

puisqu' 2 11 0,181818182 

raconté 2 11 0,181818182 

travaille 2 11 0,181818182 

allée 5 30 0,166666667 

branché 1 6 0,166666667 

combien 3 18 0,166666667 

doigts 2 12 0,166666667 

donne 2 12 0,166666667 

écoutez 2 12 0,166666667 

excuse 1 6 0,166666667 

films 1 6 0,166666667 

marchait 1 6 0,166666667 

mercredi 1 6 0,166666667 

monter 2 12 0,166666667 

par_exemple 10 60 0,166666667 

période 1 6 0,166666667 

prochaine 1 6 0,166666667 

regardé 1 6 0,166666667 

rendu 1 6 0,166666667 

retraite 1 6 0,166666667 

voiture 3 18 0,166666667 

vouloir 1 6 0,166666667 

lui 53 320 0,165625 

reste 5 31 0,161290323 

dernière 2 13 0,153846154 

directrice 2 13 0,153846154 

leurs 2 13 0,153846154 

portable 2 13 0,153846154 

aurais 4 27 0,148148148 

accent 1 7 0,142857143 

balader 1 7 0,142857143 

boire 1 7 0,142857143 

bonnes 1 7 0,142857143 

certainement 1 7 0,142857143 

collégue 1 7 0,142857143 

en_train 5 35 0,142857143 

enlevé 1 7 0,142857143 

impressionnant 1 7 0,142857143 

Maé 1 7 0,142857143 



montrer 1 7 0,142857143 

parles 2 14 0,142857143 

prévu 1 7 0,142857143 

remettre 1 7 0,142857143 

rentré 1 7 0,142857143 

tout_de_suite 1 7 0,142857143 

voulez 1 7 0,142857143 

met 3 22 0,136363636 

voir 15 110 0,136363636 

essayé 2 15 0,133333333 

mêmes 2 15 0,133333333 

acheter 1 8 0,125 

appartements 1 8 0,125 

cassé 1 8 0,125 

commencer 1 8 0,125 

connaît 1 8 0,125 

essayer 2 16 0,125 

étranger 1 8 0,125 

intérieur 1 8 0,125 

mètres 1 8 0,125 

oublier 1 8 0,125 

posent 1 8 0,125 

prenait 1 8 0,125 

programmes 1 8 0,125 

rang 1 8 0,125 

restaurant 1 8 0,125 

aurait 4 33 0,121212121 

arrivée 3 25 0,12 

acheté 2 17 0,117647059 

directeur 2 17 0,117647059 

laisse 2 17 0,117647059 

viennent 2 17 0,117647059 

devait 4 35 0,114285714 

adresse 1 9 0,111111111 

bien_sûr 2 18 0,111111111 

bourses 1 9 0,111111111 

conflictuelles 1 9 0,111111111 

connaissait 1 9 0,111111111 

coupé 1 9 0,111111111 

dangereux 1 9 0,111111111 

difficile 1 9 0,111111111 

donné 2 18 0,111111111 

intéresse 1 9 0,111111111 

mets 2 18 0,111111111 



Myriam 1 9 0,111111111 

particulier 1 9 0,111111111 

vivre 1 9 0,111111111 

voyais 1 9 0,111111111 

en_général 2 19 0,105263158 

parlait 2 19 0,105263158 

aller 9 86 0,104651163 

impression 3 29 0,103448276 

article 1 10 0,1 

existe 1 10 0,1 

marqué 1 10 0,1 

mort 1 10 0,1 

observer 1 10 0,1 

perdu 1 10 0,1 

premier 4 40 0,1 

questions 1 10 0,1 

resté 1 10 0,1 

table 1 10 0,1 

aime 2 21 0,095238095 

travailler 2 21 0,095238095 

trouve 4 42 0,095238095 

complétement 8 87 0,091954023 

demandé 1 11 0,090909091 

drôle 1 11 0,090909091 

fils 1 11 0,090909091 

finalement 3 33 0,090909091 

guillemets 1 11 0,090909091 

madame 2 22 0,090909091 

mari 1 11 0,090909091 

paraît 1 11 0,090909091 

parlé 2 22 0,090909091 

personne 4 44 0,090909091 

relations 1 11 0,090909091 

réunion 1 11 0,090909091 

trouver 2 22 0,090909091 

voulaient 1 11 0,090909091 

pouvait 3 34 0,088235294 

absolument 2 23 0,086956522 

vais 8 93 0,086021505 

etc 6 72 0,083333333 

fenêtre 1 12 0,083333333 

image 1 12 0,083333333 

prises 1 12 0,083333333 

rappelles 1 12 0,083333333 



repas 1 12 0,083333333 

souviens 1 12 0,083333333 

vendredi 1 12 0,083333333 

alors 32 404 0,079207921 

vois 47 606 0,077557756 

avec 26 338 0,076923077 

d'ailleurs 2 26 0,076923077 

étudiants 1 13 0,076923077 

histoires 1 13 0,076923077 

intérêt 1 13 0,076923077 

passait 1 13 0,076923077 

situations 1 13 0,076923077 

rappelle 4 53 0,075471698 

bizarre 2 27 0,074074074 

évidemment 2 27 0,074074074 

manger 2 27 0,074074074 

problèmes 2 27 0,074074074 

celui 1 14 0,071428571 

demander 1 14 0,071428571 

là-dessus 1 14 0,071428571 

parfois 1 14 0,071428571 

soeur 1 14 0,071428571 

pareil 3 43 0,069767442 

veut 3 43 0,069767442 

trouvé 2 29 0,068965517 

soit 6 88 0,068181818 

bref 1 15 0,066666667 

derrière 2 30 0,066666667 

dessous 1 15 0,066666667 

expérience 1 15 0,066666667 

regarder 1 15 0,066666667 

remarque 1 15 0,066666667 

terrain 1 15 0,066666667 

toute 5 75 0,066666667 

voit 2 31 0,064516129 

gens 9 140 0,064285714 

avaient 6 94 0,063829787 

moment 6 95 0,063157895 

avait 38 603 0,063018242 

moi 31 493 0,062880325 

arrivait 1 16 0,0625 

français 1 16 0,0625 

marche 1 16 0,0625 

point 1 16 0,0625 



être 10 164 0,06097561 

elle 43 726 0,05922865 

appelle 1 17 0,058823529 

Grenoble 2 34 0,058823529 

long 1 17 0,058823529 

milieu 1 17 0,058823529 

prise 1 17 0,058823529 

toujours 7 120 0,058333333 

je 101 1745 0,057879656 

faisait 6 104 0,057692308 

mec 5 87 0,057471264 

mieux 2 35 0,057142857 

normal 2 35 0,057142857 

problème 3 53 0,056603774 

année 2 36 0,055555556 

façon 4 72 0,055555556 

vaut 1 18 0,055555556 

chaque 2 37 0,054054054 

avais 14 261 0,053639847 

apparemment 1 19 0,052631579 

donner 1 19 0,052631579 

grande 1 19 0,052631579 

personnes 1 19 0,052631579 

place 1 19 0,052631579 

sept 1 19 0,052631579 

venue 1 19 0,052631579 

que 59 1140 0,051754386 

pour 31 607 0,05107084 

vrai 8 157 0,050955414 

monde 3 59 0,050847458 

dit 21 414 0,050724638 

comment 6 119 0,050420168 

conneries 1 20 0,05 

ville 1 20 0,05 

été 7 141 0,04964539 

la 70 1415 0,049469965 

histoire 2 41 0,048780488 

soir 2 41 0,048780488 

carte 1 21 0,047619048 

demande 1 21 0,047619048 

sait 1 21 0,047619048 

voulait 2 42 0,047619048 

voilà 14 295 0,047457627 

ma 6 127 0,047244094 



fois 9 192 0,046875 

me 22 471 0,04670913 

truc 11 238 0,046218487 

parce_que 21 457 0,04595186 

contre 1 22 0,045454545 

cuisine 1 22 0,045454545 

instit 1 23 0,043478261 

parle 1 23 0,043478261 

question 1 23 0,043478261 

sinon 2 46 0,043478261 

travail 1 23 0,043478261 

viens 1 23 0,043478261 

l' 33 768 0,04296875 

parce_qu' 5 118 0,042372881 

il 72 1721 0,041836142 

arriver 1 24 0,041666667 

savoir 1 24 0,041666667 

semaine 1 24 0,041666667 

vous 10 242 0,041322314 

arrive 3 74 0,040540541 

tiens 1 25 0,04 

leur 5 127 0,039370079 

allez 1 26 0,038461538 

pu 1 26 0,038461538 

vient 1 26 0,038461538 

y 39 1021 0,038197845 

une 30 788 0,038071066 

va 8 215 0,037209302 

de 83 2236 0,037119857 

exactement 1 27 0,037037037 

grand-mère 1 27 0,037037037 

sortir 1 27 0,037037037 

thèse 1 27 0,037037037 

sur 12 326 0,036809816 

bien 11 302 0,036423841 

air 1 28 0,035714286 

elles 4 112 0,035714286 

venir 1 28 0,035714286 

qu' 23 659 0,034901366 

tu 82 2351 0,034878775 

allé 1 29 0,034482759 

trucs 6 175 0,034285714 

comme 16 478 0,033472803 

clair 1 30 0,033333333 



par_contre 1 30 0,033333333 

puis 14 420 0,033333333 

se 12 362 0,033149171 

les 49 1481 0,033085753 

d' 14 426 0,03286385 

dire 7 213 0,03286385 

mère 3 92 0,032608696 

était 36 1109 0,032461677 

conflits 2 62 0,032258065 

disais 1 31 0,032258065 

dur 1 31 0,032258065 

parti 1 31 0,032258065 

seul 1 31 0,032258065 

pris 2 63 0,031746032 

ceux 1 32 0,03125 

maintenant 2 64 0,03125 

vont 1 32 0,03125 

ils 27 878 0,030751708 

matin 1 33 0,03030303 

partir 1 33 0,03030303 

des 37 1223 0,030253475 

le 56 1885 0,029708223 

ce 14 474 0,029535865 

avez 1 34 0,029411765 

niveau 1 34 0,029411765 

passer 1 34 0,029411765 

là-bas 1 35 0,028571429 

après 6 213 0,028169014 

début 1 36 0,027777778 

justement 1 36 0,027777778 

pense 2 72 0,027777778 

rentrer 1 36 0,027777778 

trois 3 108 0,027777778 

mois 2 73 0,02739726 

allait 1 37 0,027027027 

partie 1 37 0,027027027 

prendre 1 37 0,027027027 

quand_même 6 222 0,027027027 

nous 7 261 0,026819923 

ai 17 645 0,026356589 

bout 1 38 0,026315789 

fallait 1 38 0,026315789 

fini 1 38 0,026315789 

tête 1 38 0,026315789 



peux 3 115 0,026086957 

vas 2 77 0,025974026 

faire 8 315 0,025396825 

genre 2 79 0,025316456 

même 5 199 0,025125628 

étais 5 200 0,025 

sans 1 40 0,025 

compte 1 41 0,024390244 

qui 30 1258 0,023847377 

souvent 1 42 0,023809524 

passé 1 43 0,023255814 

qu- 1 43 0,023255814 

effectivement 1 44 0,022727273 

ta 1 44 0,022727273 

dans 17 749 0,022696929 

veux 4 178 0,02247191 

parler 1 45 0,022222222 

trop 3 136 0,022058824 

a 39 1788 0,021812081 

disait 1 46 0,02173913 

sont 5 233 0,021459227 

donc 16 746 0,021447721 

m' 6 281 0,021352313 

f- 1 47 0,021276596 

plus 9 425 0,021176471 

peut-être 2 95 0,021052632 

surtout 1 48 0,020833333 

faut 4 196 0,020408163 

mettre 1 49 0,020408163 

d- 2 100 0,02 

v- 1 50 0,02 

déjà 2 101 0,01980198 

envie 1 51 0,019607843 

ses 1 51 0,019607843 

vu 2 104 0,019230769 

on 26 1356 0,019174041 

n' 2 106 0,018867925 

s' 5 266 0,018796992 

dis 3 160 0,01875 

autre 2 108 0,018518519 

choses 1 54 0,018518519 

mes 1 54 0,018518519 

temps 1 54 0,018518519 

j' 20 1090 0,018348624 



en_fait 7 382 0,018324607 

autres 1 55 0,018181818 

passe 1 57 0,01754386 

un_peu 5 288 0,017361111 

vraiment 3 174 0,017241379 

chez 1 59 0,016949153 

maison 1 60 0,016666667 

mis 1 60 0,016666667 

à 37 2237 0,016540009 

où 5 303 0,01650165 

sais 7 432 0,016203704 

exemple 1 62 0,016129032 

ont 4 255 0,015686275 

a- 1 64 0,015625 

mon 2 129 0,015503876 

ne 1 65 0,015384615 

sa 1 65 0,015384615 

ça 32 2083 0,015362458 

peu 1 66 0,015151515 

étaient 2 134 0,014925373 

beaucoup 1 69 0,014492754 

es 3 207 0,014492754 

ton 1 69 0,014492754 

est 49 3392 0,014445755 

là 10 698 0,014326648 

mais 23 1617 0,014223871 

en 15 1060 0,014150943 

as 5 355 0,014084507 

plein 1 71 0,014084507 

en_plus 2 144 0,013888889 

font 1 72 0,013888889 

pas 30 2171 0,013818517 

un 18 1319 0,013646702 

entre 1 74 0,013513514 

te 4 303 0,01320132 

attends 1 78 0,012820513 

heure 1 79 0,012658228 

non 9 714 0,012605042 

j- 1 80 0,0125 

ben 5 402 0,012437811 

si 6 489 0,012269939 

c' 40 3296 0,012135922 

heures 1 84 0,011904762 

m- 1 87 0,011494253 



quoi 14 1293 0,010827533 

rien 2 187 0,010695187 

tout 6 568 0,01056338 

fais 1 98 0,010204082 

eu 1 100 0,01 

mal 1 102 0,009803922 

bon 7 740 0,009459459 

i- 1 106 0,009433962 

toi 1 111 0,009009009 

petit 1 120 0,008333333 

du 3 389 0,007712082 

t' 2 282 0,007092199 

ou 3 428 0,007009346 

fait 3 485 0,006185567 

au 2 325 0,006153846 

quand 2 360 0,005555556 

aussi 1 195 0,005128205 

deux 1 207 0,004830918 

très 1 213 0,004694836 

putain 1 227 0,004405286 

enfin 3 728 0,004120879 

et 8 2658 0,003009782 

ouais 9 3191 0,002820432 

oui 1 561 0,001782531 

ah 1 875 0,001142857 
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