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Abstract 

This thesis aimed to investigate the mechanisms underlying the perception and production of 

Foreigner Directed Speech. Foreigner Directed Speech (FDS) is the result of speech 

accommodation produced by native speakers of a certain language while addressing non-

native listeners of that language. By studying FDS, we aimed to explore the intricate dynamics 

of native and non-native communication. The work included in this thesis sheds light on the 

processes involved in language accommodation, its resulting acoustic adjustments 

(production perspective), and its implications for effective communication and teaching 

(perception perspective). 

To lay a solid foundation for our research, the first chapter delves into an exploration of the 

key features, definitions, and research gaps surrounding the FDS phenomenon. By examining 

existing literature and conducting a comprehensive review of previous studies, we aimed to 

provide a starting point to deepen unexplored aspects of FDS production and its 

consequences on second language (L2) perception and learning. Hence, in the first chapter, 

we identified the more characteristic FDS acoustic features, such as vowel hyperarticulation 

and low speech rate. Also, we observed that previous studies assumed that FDS is adjusted 

to meet non-native listeners’ linguistic needs. Accordingly, FDS is hypothesised to be a 

promoter of L2 acquisition. We concluded this chapter by stressing that the didactic 

assumptions of FDS should be investigated by assessing whether production of FDS adapts 

to goals of teaching various aspects of the L2 (or communicative goals), such as writing or 

pronunciation. On the other hand, we also pointed out the lack of research on the impact of 

FDS on non-native listener’s L2 perception and learning. These aspects were investigated in 

the next chapters. 

In the second chapter, we aimed to shed light on whether FDS speech adaptations vary 

depending on the speaker's communicative goals and the listeners' profiles (i.e., native vs. 

non-native). We recorded native Spanish speakers naming novel objects to aid listeners’ 
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performance in comprehension, pronunciation, and writing tasks. Each speaker interacted 

with a native (Native Directed Speech, NDS condition) and a non-native Spanish listener (FDS 

condition). We extracted measures of vowel hyperarticulation, duration, intensity, speech rate, 

and pitch height to assess speakers’ speech adjustments. Vowel hyperarticulation results 

showed that speakers adapted their speech in the writing as compared to the comprehension 

condition, and in FDS compared to NDS. Pitch height, intensity, and duration results revealed 

that speakers provided acoustic cues adjusted to listeners’ profile and conditions. Therefore, 

speakers indeed adjust acoustic features to communicative goals depending on the listener's 

profile. 

After confirming our hypothesis that FDS is adapted to teach specific aspects of the L2, in 

chapter 3, we explored whether FDS facilitates L2 word learning and production as compared 

to NDS. Fifty Spanish participants were asked to learn 16 novel English words in an online 

experiment. Words contained either the /i - ɪ/ or the /æ - ɛ/ vowel contrasts, both non-native 

to Spanish speakers. Participants were divided in two groups: one being exposed to FDS and 

one to NDS. Participants carried out three tasks: a) Recognition task, b) Production task, and 

c) Continuum discrimination task. In a) participants were presented with novel objects and 

their auditory labels (e.g., "This is a deest") produced in FDS or NDS. Next, they were tested 

on their ability to recognize novel words. In b) participants were presented with the novel 

objects and asked to pronounce the associated labels. In c) participants were tested on 

perceptual discrimination of continua involving the four target vowels. We calculated 

participants’ accuracy and response latencies. Also, for b) we measured participants’ phonetic 

accuracy of word and vowel production. Growth curve analyses showed that the FDS group 

recognized novel words faster and learned the words of the /i - ɪ/ contrast better than the NDS 

group. Also, FDS group’s production for the /i - ɪ/ contrast was more accurate than the NDS 

group. Conversely, the two groups did not differ for perceptual discrimination of vowel 

continua. These findings supported the didactic assumption of FDS, which should be 

considered in L2 teaching models. 
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However, experiments with controlled manipulations and single word/short sentences do not 

reflect the way in which non-native listeners receive  L2 (and FDS) exposure. In chapter 4, 

we endeavour to explore how FDS impacts perception and comprehension in an ecologically 

valid experiment. By examining the ways in which FDS affects the interpretation of spoken 

language, we aimed to uncover its potential benefits and limitations on L2 perception. Here, 

we investigated the effects of exposure to FDS and NDS on speech perception in non-native 

listeners and native listeners. Naturalistic stimuli in the form of stories were employed in each 

speech register. Traditional behavioural studies typically examine language processing after 

it has occurred, while electroencephalography (EEG) allows for real-time analysis of language 

processing as it unfolds. One way to analyse EEG modulation to continuous speech is by 

measuring cortical tracking of speech features (such as envelope). That is, cortical tracking 

of low-frequency bands is associated with language processing since some studies identified 

that as markers of underlying linguistic processing. Two experiments were conducted: one 

involving 25 participants who were native Spanish listeners and non-native listeners of 

English, and another involving 18 participants who were native English speakers. In both 

experiments participants listened to English stories pronounced in FDS, NDS, and a control 

condition. The temporal response function was used to analyse the tracking of speech 

envelope (acoustic tracking) and semantic surprisal (semantic tracking). The results indicated 

Spanish listeners and English listeners showed respectively more efficient cortical tracking of 

speech envelope in FDS and NDS as compared to the other conditions. These findings 

suggest that FDS supports the perception of L2 speech in (and only in) non-native listeners. 

Also, the study highlights the importance of considering the speech register's target audience. 

Through this thesis, we contributed to the existing body of knowledge regarding the intricate 

dynamics of speech production and perception within the context of native and non-native 

interactions. We found that speakers adjust FDS to support learning of specific L2 skills to 

learn, that FDS promotes L2 novel word learning (in particular for some vowel contrasts), both 

in recognition and production. Finally, we found that FDS also promotes perception of 
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continuous speech, as cortical tracking results suggested. All these findings have implications 

for language learning and teaching, emphasising the significance of tailoring language input 

to the intended audience.  
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Resumen en castellano 

El objetivo de esta tesis es investigar los mecanismos que subyacen a la percepción 

y producción del habla dirigida a oyentes no-nativos (o extranjeros). El habla dirigida al 

extranjero (FDS) es el resultado de la acomodación del habla producida por hablantes nativos 

de un determinado idioma al dirigirse a oyentes no nativos de ese idioma. Esta acomodación 

del habla es principalmente inconsciente y puede desempeñar una función didáctica al 

facilitar la comprensión, percepción y producción del idioma que se está aprendiendo. La 

adaptación del habla puede manifestarse en diversos aspectos, como cambios en el 

discurso, la sintaxis, el léxico y lo acústico (que es el enfoque de esta tesis). Al estudiar el 

FDS, pretendemos explorar la intrincada dinámica de la comunicación entre nativos y no 

nativos. Además, tenemos hemos analizado las implicaciones de nuestros resultados para 

los modelos psicolingüísticos de comunicación y aprendizaje de segundas lenguas. El trabajo 

incluido en esta tesis investiga sobre los procesos implicados en la acomodación lingüística, 

sus ajustes de las características acústicas resultantes (perspectiva de la producción) y sus 

implicaciones para una comunicación y una enseñanza eficaces (perspectiva de la 

percepción). 

Para crear unas bases sólidas para nuestra investigación, el primer capítulo se 

adentra en una exploración de las características clave, las definiciones y las lagunas de la 

investigación en torno al fenómeno de la FDS. Mediante el examen de la bibliografía existente 

y la realización de una revisión exhaustiva de estudios anteriores, pretendíamos ofrecer un 

punto de partida para profundizar en aspectos inexplorados de la producción de FDS y sus 

consecuencias en la percepción y el aprendizaje de segundas lenguas (L2). Así, en el primer 

capítulo, identificamos los rasgos acústicos más característicos de FDS, como la 

hiperarticulación vocálica (triángulo vocálico alargado) y la baja velocidad del habla (ritmo 

lento). Además, observamos que los estudios anteriores asumían que el FDS se ajusta para 

satisfacer las necesidades lingüísticas de los oyentes no nativos. En consecuencia, se 

plantea la hipótesis de que el FDS es un promotor de la adquisición de L2. Concluimos este 



13 
 

capítulo subrayando que los supuestos didácticos del FDS deberían investigarse evaluando 

si la producción de FDS se adapta a objetivos de enseñanza de diversos aspectos de la L2 

(u objetivos comunicativos), como la escritura o la pronunciación (primer experimento). Por 

otro lado, también señalamos la falta de investigación sobre el impacto del FDS en la 

percepción (tercer y cuarto experimentos) y el aprendizaje de la L2 por parte de oyentes no 

nativos (segundo experimento). Estos aspectos se investigaron en los siguientes capítulos y 

experimentos. 

Primer experimento 

En el segundo capítulo, pretendíamos entender si las adaptaciones del habla de los 

FDS varían en función de los objetivos comunicativos del hablante y de los perfiles de los 

oyentes (es decir, nativos frente a no nativos). Grabamos a hablantes nativos de español 

nombrando objetos novedosos (que no existen) para ayudar a los oyentes en tareas de 

comprensión, pronunciación y escritura. Cada hablante interactuó con un oyente nativo 

(condición Native Directed Speech, NDS) y un oyente no nativo (condición FDS). Se 

extrajeron medidas de hiperarticulación vocálica, duración, intensidad, ritmo del habla y altura 

del tono para evaluar los ajustes del habla de los hablantes. Los resultados de la 

hiperarticulación vocálica mostraron que los hablantes adaptaron su habla en la condición de 

escritura en comparación con la de comprensión, y en la condición FDS en comparación con 

la de NDS. Los resultados sobre la altura del tono, la intensidad y la duración de las vocales 

revelaron que los hablantes proporcionaron señales acústicas ajustadas al perfil y a las 

condiciones de los oyentes. Por lo tanto, los hablantes ajustan las características acústicas 

a los objetivos comunicativos en función del perfil del oyente. 

Segundo experimento 

Tras confirmar nuestra hipótesis de que el FDS se adapta para enseñar aspectos 

específicos de la L2, en el capítulo 3 exploramos si el FDS facilita el aprendizaje y la 

producción de palabras de la L2 en comparación con el NDS. Se pidió a 50 participantes 
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españoles que aprendieran 16 palabras nuevas en inglés en un experimento online. Las 

palabras contenían los contrastes vocálicos /i - ɪ/ o /æ - ɛ/, ambos no nativos para los 

hispanohablantes. Los participantes se dividieron en dos grupos: uno expuesto a FDS y otro 

a NDS. Los participantes realizaron tres tareas: a) tarea de reconocimiento, b) tarea de 

producción, y c) tarea de discriminación continua. En a) se presentaron a los participantes 

objetos novedosos y sus etiquetas auditivas (por ejemplo, "This is a deest", Esto es un deest) 

producidas en FDS o NDS. A continuación, se evaluó su capacidad para reconocer palabras 

nuevas. En b) se presentaron a los participantes los objetos nuevos y se les pidió que 

pronunciaran las etiquetas asociadas. En c) se evaluó la discriminación perceptiva de los 

continuos que incluían las cuatro vocales objetivo. Calculamos la precisión y las latencias de 

respuesta de los participantes. Además, en b) medimos la precisión fonética de los 

participantes en la producción de palabras y vocales. Los análisis de la curva de crecimiento 

mostraron que el grupo FDS reconocía las palabras nuevas más rápidamente y aprendía las 

palabras del contraste /i - ɪ/ mejor que el grupo NDS. Además, la producción del grupo FDS 

para el contraste /i - ɪ/ era más precisa que la del grupo NDS. Por el contrario, los dos grupos 

no difirieron en la discriminación perceptiva de los continuos vocálicos. Estos resultados 

apoyaron el supuesto didáctico del FDS, que debería tenerse en cuenta en los modelos de 

enseñanza de L2. 

Tercer y cuarto experimentos 

Sin embargo, los experimentos con manipulaciones controladas y oraciones cortas/de 

una sola palabra no reflejan la forma en que los oyentes no nativos reciben la exposición a 

la L2 (y al FDS). En el capítulo 4, nos esforzamos por explorar cómo afecta el FDS a la 

percepción y la comprensión en un experimento ecológicamente válido. Al examinar las 

formas en que el FDS afecta a la interpretación de la lengua hablada, pretendíamos descubrir 

sus posibles beneficios y limitaciones en la percepción de la L2. Para ello, investigamos los 

efectos de la exposición a FDS y NDS en la percepción del habla en oyentes no nativos y 

nativos. Se emplearon estímulos naturalistas en forma de historias en cada registro del habla. 
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Los estudios conductuales tradicionales suelen examinar el procesamiento del lenguaje 

después de que se haya producido, mientras que la electroencefalografía (EEG) permite 

analizar en tiempo real el procesamiento del lenguaje a medida que se desarrolla. Una forma 

de analizar la modulación del EEG al habla continua es medir el seguimiento o sincronización 

cortical de las características del habla (como la envolvente). Es decir, el seguimiento cortical 

de las bandas de baja frecuencia se asocia con el procesamiento del lenguaje, ya que 

algunos estudios lo identifican como marcadores del procesamiento lingüístico subyacente. 

Se realizaron dos experimentos: uno con 25 participantes que eran oyentes nativos de 

español y oyentes no nativos de inglés, y otro con 18 participantes que eran hablantes nativos 

de inglés. En ambos experimentos los participantes escucharon historias en inglés 

pronunciadas en FDS, NDS y una condición de control. Se utilizó la función de respuesta 

temporal para analizar el seguimiento de la envolvente del habla (tracking acústico) y la 

sorpresa semántica (tracking semántico). Los resultados indicaron que los oyentes 

españoles e ingleses mostraron respectivamente un seguimiento cortical más eficiente de la 

envolvente del habla en FDS y NDS en comparación con las otras condiciones. Estos 

resultados sugieren que el FDS favorece la percepción del habla de L2 en (y sólo en) oyentes 

no nativos. Además, el estudio subraya la importancia de tener en cuenta el público objetivo 

del registro del habla. 

Conclusiones 

A través de esta tesis, contribuimos al conocimiento existente sobre la intrincada 

dinámica de la producción y percepción del habla en el contexto de las interacciones entre 

nativos y no nativos. Descubrimos que los hablantes ajustan el FDS para apoyar el 

aprendizaje de habilidades específicas de la L2 (por ejemplo, escribir o pronunciar), que el 

FDS promueve el aprendizaje de palabras nuevas de la L2 (en particular para algunos 

contrastes vocálicos), tanto en el reconocimiento como en la producción. Por último, 

descubrimos que el FDS también favorece la percepción del habla continua, como sugerían 

los resultados de EEG. Todos estos resultados tienen implicaciones para el aprendizaje y la 
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enseñanza de idiomas, y evidencian la importancia de adaptar el input lingüístico al público 

al que va dirigido. Los resultados indican que la adaptación del habla es un fenómeno en 

constante actividad y constituye un componente integral de cualquier interacción verbal. 

Además, nuestros resultados respaldan algunos modelos psicolingüísticos de 

comunicación y aprendizaje de segundas lenguas, específicamente encontramos 

coincidencias con el modelo "Interactive Alignment" (teoría de la alineación interactiva). Este 

modelo postula que, durante la comunicación, los individuos se esfuerzan por mantener el 

éxito de la interacción, y sugiere que la alineación es un proceso continuo y dinámico. Estas 

conclusiones coinciden con nuestros hallazgos. 

Por otro lado, nuestros resultados respaldan también los modelos psicolingüísticos 

del aprendizaje de segundas lenguas, como la teoría sociocognitiva de la adquisición. Según 

esta teoría, el proceso de aprendizaje de una segunda lengua es un proceso natural y 

adaptable basado en la alineación ecológica. Nuestro estudio reveló que el aprendizaje de 

los participantes difería según la adaptación del habla (FDS vs. NDS). Estos hallazgos 

sugieren que la adaptación del habla FDS desempeña un papel significativo como promotor 

socialmente mediado en la adquisición de una L2.   
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Chapter 1 – Introduction: Literature Review 

This dissertation aimed to give a well-rounded insight on the phenomena linked to 

the speech register known as Foreigner Directed Speech. Through this, we explored the 

processes involved in language accommodation and its consequences for L2 acquisition. To 

achieve this, Chapter 1 defines Foreigner Directed Speech, its features, and research gaps 

on this topic. 

1.1. What is Foreigner Directed Speech?   

Foreigner Directed Speech (henceforth, FDS) is a speech register that native speakers 

use in interactions with non-native speakers of their language. In recent literature, this register 

has also been referred to as “L2 speech accommodation”. FDS is a broad phenomenon that 

can encompass changes at the discourse, syntactic, lexical, and acoustic levels (Chaudron, 

1979; Long, 1981; Ramamurti, 1980; Uther et al., 2007). FDS is proposed to be a – mostly 

unconscious – speech accommodation that increases speech clarity and that could serve a 

didactic function by assisting non-native interlocutors to better understand, perceive, and 

articulate their L2 (Hatch, 1979; Tarone, 1980; Uther et al., 2007; Scarborough et al., 2007). 

In this chapter, we provide a critical scoping review of the extensive research investigating 

the didactic function proposal, focusing on the acoustic features of FDS. We propose that the 

didactic function of FDS comprises two related aspects: a didactic purpose, which is the 

function of teaching an L2, reflected on the acoustic features of FDS, and a didactic impact, 

which is the actual effect on L2 perception and learning. In light of this didactic function, we 

discuss whether FDS serves a purpose in increasing speech intelligibility, facilitating L2 

learning, and whether L2 listeners may benefit from being exposed to FDS. The objective of 

this work is to review those aspects of FDS that are still under debate and to provide strong 

theoretical and methodological bases for future research into this speech register. An in-depth 

study of the features and function of FDS is expected to increase our understanding of 

communication between humans who do not share the same native language. This will enable 
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researchers to build appropriate models of speech communication and social mediation. As 

linguistic diversity increases worldwide, making communication between native and non-

native speakers ever more frequent, speech communication models need to account for FDS. 

One of the earliest mentions of FDS as a speech register that serves a linguistic 

function is found in the 1930’s, when Bloomfield (1933) proposed that FDS reflects native 

speakers’ tendency to imitate the mistakes made by non-native speakers in order to assist 

their speech comprehension. Several decades later, FDS was positioned as a variant of clear 

speech, a term typically used to refer to registers that enhance speech clarity. Other clear 

speech variants include Infant Directed Speech (IDS, also known as baby talk) and speech 

directed to elders or to people with hearing impairments (Ferguson, 1975; Lam et al., 2012; 

see also Smiljanić & Bradlow, 2009 for a review on clear speech). It was only in the 1970’s 

that FDS was identified as an independent speech register that – despite sharing some 

features with other registers (such as IDS, see Section 1.6.1) – manifests in speech 

specifically directed to non-native listeners and is uniquely suited to their linguistic needs 

(Ferguson, 1975). Ferguson (1971, 1975) coined the term foreign talk to implicitly compare 

this register to baby talk, suggesting that the two registers shared a didactic function (Hatch, 

1979; Katz, 1977; Tarone, 1980; see also Kuhl et al., 1997 for a discussion on the didactic 

functions of IDS). FDS was proposed to convey articulatory instructions through a simplified 

register (as Ferguson, 1981 defined it) characterised  by repetition and the use of high 

frequency words, reduced syntactic complexity, and lack of jargon or idiomatic expressions 

(Chaudron, 1979; Long, 1981, 1983; Ramamurti, 1980). Additional features, also assumed to 

assist L2 learners, have been proposed in contemporary studies, including low speech rate, 

exaggerated voicing of final stops, few vowel reductions, as well as exaggerated intonation 

and volume (Hatch et al., 1978; Hatch, 1979 reported by Tarone, 1980).  

At present, there is more extensive knowledge of FDS, and research largely focuses 

on the acoustic features of this register. It has been shown that various acoustic features are 

the result of the FDS accommodation: vowel hyperarticulation, low speech rate, and long 
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pauses are all proposed to help non-native listeners. Given that interest in this topic is 

growing, there is a need for a review that sums up and discusses the most relevant findings 

on FDS and sets goals for future research on this topic. In the past, research on FDS has 

focused on defining the acoustic features of this register; although some FDS features 

continue to be the subject of debate, future studies should focus on advancing our 

understanding of the factors that underlie these FDS adjustments, and the role that each FDS 

feature plays in non-native listeners’ L2 acquisition. The present chapter provides the starting 

point for addressing these issues. This review includes all journal articles and conference 

proceedings available to date that (1) were written in English and (2) reported empirical 

findings. These were identified by an extensive literature search using the Google Scholar 

search engine (search terms: FDS, Foreigner directed speech, Foreign Talk, Foreigner 

Directed Speech, speech accommodation, listener-oriented speech) and complemented by 

including relevant references from the articles. 

Here, we discuss important aspects of FDS research that help to discover its role in 

the native–non-native interaction. In Section 1.2, we focus on the acoustic features of FDS to 

explain how FDS improves speech clarity; in Section 1.3 we discuss the emotional valence of 

FDS that differs for native and non-native listeners. Section 1.4 frames the accommodation 

theories behind FDS, whereas Section 1.5 and 1.6 discuss whether FDS is adjusted to the 

listener’s needs and thus supports L2 acquisition. Section 1.7 describes research on native 

and non-native listeners’ perception of FDS – which will help us understand whether FDS is 

useful to non-native listeners. Section 1.8 presents our conclusions and recommendations for 

future research on this topic. 

1.2. The acoustic features of FDS. 

1.2.1. Vowel hyperarticulation  

Compared to Native Directed Speech (NDS), the register used by peers sharing the 

same native language who have no need to further enhance intelligibility (Ferguson & Kewley-
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Port, 2002; Smiljanić & Bradlow, 2009), FDS is characterised  by an expanded vocalic space 

that is known as vowel hyperarticulation (Uther et al., 2007; Scarborough et al., 2007; Knoll 

et al., 2007; Knoll et al., 2009a). Most studies on FDS vowel hyperarticulation focus on native 

speakers’ production of the three corner vowels /a/, /i/, and /u/. These vowels are considered 

important because they are located at the outer boundaries (low, frontal, and posterior) of a 

language’s vocalic space, and they are present in the vocalic inventories of most languages 

in the world (Bradlow et al., 2003; Ladefoged & Maddieson, 1990). Usually, the averages of 

the first (F1) and second (F2) formant values are projected onto a two-dimensional cartesian 

plane to form the corners of the vocalic triangle. An expanded vocalic space corresponds to 

a vocalic triangle with a larger area (see Figure 1) since the corner vowels are produced at a 

greater distance from each other. This is proposed to enhance detection of vocalic contrasts 

and aid speech perception and comprehension (Bradlow & Bent, 2002; Ferguson & Kewley-

Port, 2002; Smiljanić & Bradlow, 2005, 2009). F1 inversely relates to vowel height (the lower 

the vowel articulation, the higher its F1 value) and reflects articulatory effort, which is 

commonly higher in all clear speech styles than in conversational speech (Ladefoged, 2006; 

Smiljanić and Bradlow, 2009). F2 is affected by posteriority and lip rounding (F2 values are 

lower for vowels produced further back in the vocal tract; Ladefoged, 2006). F2 height is 

usually influenced by vowel hyperarticulation, but it also depends on whether speakers are 

expanding a front vowel (higher F2) or a back vowel (lower F2) (Ferguson & Kewley-Port, 

2002).  
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Figure 1. Example of a hyperarticulated vocalic triangle compared to the realisation of 

standard vowels (not based on real data). The X-axis represents F2 values (Hz); the Y-axis 

represents F1 values (Hz). 

 

Of particular relevance to this review, vowel hyperarticulation is proposed to be the 

key acoustic feature that serves a didactic function (both purpose and impact) because it 

results in a clearer and more distinctive representation of vowel categories (Kuhl et al., 1997). 

The expansion of the vowel triangle allows speakers to create more discrete categories, 

thereby avoiding confusion and overlap between vowels and supporting vowel imitation and 

feature acquisition (Kuhl et al., 1997). Further supporting its proposed didactic purpose, vowel 

hyperarticulation occurs across clear registers associated with higher speech intelligibility 

(Bradlow et al., 2003; Krause & Braida, 2004; Picheny et al., 1986), but it is restricted to 

registers directed to audiences with perceived linguistic capacity (Burnham et al., 2002). For 

instance, vowel hyperarticulation has been reported in speech to infants (Kuhl et al., 1997) 

and to computer avatars (Burnham et al., 2010), but not in speech to pets such as cats and 

dogs (Burnham et al., 2002) – unless the pet is a parrot that “repeats” words (Xu et al., 2013). 
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Thus, vowel hyperarticulation might also be expected in FDS, since speakers’ production is 

presumably modulated to support the fledgling linguistic abilities of the L2 learner.  

We were able to identify 12 studies published to date that have investigated the 

presence of vowel hyperarticulation in FDS: 8 studies out of a total of 12 reported vowel 

hyperarticulation in FDS. Most studies focused on English FDS and identified vowel 

hyperarticulation as the main feature differentiating FDS from NDS (Knoll et al., 2007; 2009a; 

Uther et al., 2007; Scarborough et al., 2007; Hazan et al., 2015). At the best of our knowledge, 

only Kendi and Khattab (2019) have reported vowel hyperarticulation in a language other than 

English, providing some evidence for cross-linguistic generalisation. However, while some 

previous research had reported both F1 and F2 exaggeration, Kendi and Khattab (2019) 

found Arabic (Omani) speakers only used F1 to expand their vowel space (consistent with 

research by Dodane & Al-Tamimi, 2007). This is interesting in light of literature that claims 

that the degree of vowel hyperarticulation (in clear speech in general) depends on the vowel 

inventory size of each language. This would suggest that hyperarticulation is language-

dependent, and likely to be predominant in languages with large vowel inventories (e.g., 

Andruski et al., 1999; see also Al-Tamami & Ferragne, 2005). Despite the relatively small 

number of vowels in Arabic (6 vowels as compared to 14 in English) (Saadah, 2011), Kendi 

and Khattab (2019) confirmed the presence of vowel hyperarticulation in Arabic FDS. It could 

be that modulation of hyperarticulation is not fully determined (Smiljanić and Bradlow, 2005) 

but instead varies in relation to the size of vowel inventories.   

 Despite the large number of studies confirming that vowel hyperarticulation is present 

in FDS, some studies have reported different result patterns even for FDS produced in English 

(Knoll & Scharrer, 2007; Knoll et al., 2009a, 2011a; Kangatharan et al., 2012). For instance, 

Kangatharan et al. (2012) indicated that they failed to find vowel hyperarticulation in English 

FDS. This may be because their assessment relied on a vocalic square (instead of triangle) 

that included vowels /e/, /iː/, /ɔː/ and the diphthong /ai/, which are usually not considered in 

these kinds of studies. Some of those mixed results derive from specific manipulations of the 
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experimental design (e.g., use of imaginary listeners, see Section 1.5.1, see also Knoll & 

Scharrer, 2007; Knoll et al., 2009a). Despite such conflicting evidence, given the findings 

reported above, we conclude that vowel hyperarticulation is a robust feature of FDS. 

Nevertheless, it remains unclear how this feature relates to the vowel inventory size of a given 

language. Further cross-linguistic investigations including languages other than English will 

be needed to determine whether vowel hyperarticulation varies across languages (language-

specificity). 

In addition to adjustments to vowel formants, vowel hyperarticulation may also be 

manifested as vowel lengthening. Longer vowels may be easier to process and categorize, 

vowel lengthening thus having a didactic impact (see Biersack et al., 2005). In order to explore 

the potential relevance of vowel lengthening in FDS, Uther et al. (2007) analysed whether 

vowel hyperarticulation of FDS (and IDS) in their study was also associated with longer vowel 

durations. Instead, they found that vowel length in FDS did not differ from NDS (and was 

shorter than in IDS). This pattern has been confirmed in other studies where FDS vowel length 

was not associated with the expansion of vowel space (Knoll & Scharrer, 2007; Knoll et al., 

2009a, 2011a; cf. Biersack 2005). Thus, it appears that hyperarticulation of vowels is a clear 

acoustic feature associated with FDS, but that these vowels are not produced with longer 

duration. This confirms the proposal from Biersack et al. (2005) that FDS should give non-

native listeners more time to process sentences by lengthening pauses, but not vowels. 

Some attention has also been dedicated to hyperarticulation of non-vowel 

phonological contrasts. For instance, Sankowska et al. (2011) were the first to find that the 

plosive durational difference (between voiced and voiceless consonants) was larger in FDS 

than in either NDS or Lombard Speech (LS), a register produced to help listeners cope with 

background noise. This finding suggests that hyperarticulation in FDS might not be relegated 

to vowel articulation only. Similarly, several studies have reported hyperarticulation of lexical 

tone categories in Foreigner (Papoušek & Hwang, 1991) and Infant Directed Speech (Han et 

al., 2018; Liu et al., 2007; Xu et al., 2013) in lexical tone languages. Lexical tones are based 
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primarily on modulations of pitch height and contour, and their realisation is not independent 

of segments (tones are carried by vowels as well as the adjacent consonants, so they can be 

considered supra-segmental; Burnham et al., 2011). However, similarly to consonant and 

vowel segments, lexical tones mark phonemic contrasts, and so it is not surprising that lexical 

tone categories are also exaggerated in clear speech registers. 

1.2.2. Low speech rate and long pauses  

Another characteristic acoustic feature of FDS is low speech rate, measured as an 

increase in pauses between utterances and the duration of individual words within utterances 

(Ferguson, 1975; Biersack et al., 2005; Scarborough et al., 2007; Kangatharan, 2015; Lorge 

& Katsos, 2019; Bobb et al., 2019). FDS tends to have a lower rate of words per minute than 

NDS (Biersack et al., 2005; Hatch, 1979; Nelson, 1992; Rodriguez-Cuadrado et al., 2018; 

Scarborough et al., 2007). Similar to vowel hyperarticulation, this phenomenon is proposed 

to benefit comprehension and processing of speech by non-native listeners: L2 listeners might 

benefit from having more time to parse, segment, and analyse linguistic information when 

speech rate is slower (see Biersack et al., 2005).  

While vowel hyperarticulation across languages awaits further research, speech rate 

adjustments in FDS have been explored directly in cross-linguistic studies (e.g., English vs. 

French). Warren-Leubecker & Bohannon (1982) and Hazan et al. (2015) reported that English 

FDS has a lower word rate per minute than NDS. Kühnert and Antolík (2017) provided 

evidence from French using a tandem paradigm: participants with two different native 

languages (L1s) practised language exchange to help each other learn an L2; each participant 

was a native speaker of the L2 the other participant wished to learn. Using this paradigm in 

English and French, Kühnert and Antolík (2017) found that French native speakers 

accommodated their production to the English listeners (French L2 learners) by slowing down 

their speech rate. However, native English speakers did not significantly lower their speech 

rate when they interacted with the French (English L2). This finding on English speakers 

contrasts both with the results for the French participants in this study and with previous 
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studies on English FDS. The authors explained this incongruency by suggesting that speech 

tempo adjustments may be language specific, possibly related to the faster natural speech 

rate in French than English, or to French participants having higher proficiency in English than 

their English counterparts had in French. In fact, slower speech was directed to L2 listeners 

with lower proficiency (English native speakers), whereas the faster speech rate was directed 

to highly proficient L2 listeners (French native speakers). This suggests that low speech rate 

may be a feature of FDS directed to naïve L2 learners in order to support their L2 

comprehension.  

1.2.3. Intensity and Pitch 

Several suprasegmental features including acoustic intensity, pitch height, pitch 

range, and pitch contours have also been investigated in FDS. It remains unclear whether 

enhancement or exaggeration of these features serve independent didactic purposes or occur 

as by-products of the phonetic exaggeration already noted in this register. For instance, vowel 

hyperarticulation may be accompanied by increased intensity and heightened pitch whereas 

the independent exaggeration of either of these two features may not result in enhanced 

clarity.  

Intensity corresponds to the amount of energy carried by sound waves, and loudness 

is its primary perceptual correlate. High intensity is a prosodic cue for emphasis that in FDS 

might correlate with vowel hyperarticulation. Vowel hyperarticulation might be the result of 

articulatory effort (see Lindblom, 1990), while intensity and loudness are secondary correlates 

of effort (see also Smiljanić and Bradlow, 2009). Rodriguez-Cuadrado et al. (2018) analysed 

Spanish FDS by measuring the intensity of repeated words, which are usually hypoarticulated 

in conversational speech. They observed higher word intensity for repeated words in FDS 

than NDS. Kendi and Khattab (2019), in their study on Arabic FDS, also reported significantly 

higher vowel intensity in FDS than NDS (in line with Hazan et al., 2015; cf. Knoll et al., 2015). 

Thus, higher intensity could be a relevant feature of FDS, but the evidence for this claim to 
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date is not robust, and no studies have directly tested whether it is an acoustic correlate of 

another FDS feature, specifically vowel hyperarticulation (see Ferguson & Quené, 2014 for 

similar a hypothesis regarding clear speech).  

Pitch is a suprasegmental feature that is used to mark prosody conveying prominence 

and/or information structure. Pitch is the perceived acoustic product of the vibration rate of 

the vocal cords (Ladefoged, 2006). Pitch range corresponds to the maximal/minimal 

excursions of pitch (i.e., the difference between pitch Max and Min), whereas pitch contour is 

the curve of the perceived pitch change over time. Very few studies have investigated pitch 

range in FDS, and existing studies have reported both wider pitch excursions compared to 

NDS (Smith, 2007) and comparable pitch ranges for the two registers (Knoll et al., 2015). It 

would not be surprising to find an expanded pitch range in FDS since emphatic pitch excursion 

is proposed to form part of hyperarticulatory phenomena, stressing relevant words and 

assisting word segmentation (as research on IDS suggests: Fernald & Kuhl, 1987; Thiessen 

et al., 2005). 

Although exaggerated pitch contour is linked to pitch range, the two features are not 

equivalent. Specifically, the same pitch range value could be associated with both bell and 

rising contour shapes and vice versa. In fact, despite some evidence for a wider pitch range 

in FDS than NDS (Papoušek & Hwang, 1991; Smith, 2007), the few experiments that 

assessed pitch contour reported little evidence for exaggerated pitch contours in FDS 

(Papoušek & Hwang, 1991; Knoll et al., 2006, 2007; Knoll & Costall, 2015). Knoll et al. (2006) 

studied contour shape and found that FDS did not contain exaggerated shapes compared to 

NDS (Knoll et al., 2007). Most contours in FDS were level shapes (flat) or falling contours like 

those found in NDS (Knoll & Costall, 2015). Further qualitative analysis in Knoll and Costall 

(2015) highlighted the fact that the participants (students) sometimes produced FDS with 

rising contours, which are similar to the contour shape of questions (Fernald, 1989; Knoll et 

al., 2006, 2007; Knoll & Costall, 2015). However, it is likely that native speakers were trying 

to assess the L2 listener’s comprehension so as to adapt their production accordingly and 
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used a rising contour typically associated with a questioning tone (a silent “did you 

understand?”) to implicitly interrogate listeners’ comprehension. This strategy invites the 

listener to provide continuous feedback, either verbally or nonverbally (e.g., through nods, 

confused expressions; see section 1.5.3 for a discussion of listeners’ feedback). This 

interpretation of the rising contour converges with the reported results on pitch range in IDS, 

which show mostly bell shape contours. The main hypothesis is that exaggerated pitch 

contour and wide pitch excursion serve the functions of  emotional transfer and requesting 

attention (Ferguson, 1971; Papoušek & Papoušek, 1981; Trainor & Desjardins, 2002). The 

results on FDS fit with this view since speakers are not expected to employ FDS to convey 

emotions but rather to draw the listener’s attention to meaningful words.  

Mean pitch exaggeration corresponds to raised fundamental frequency (F0), which is 

found in other clear speech registers such as IDS. Exaggerated mean pitch is mostly 

interpreted as a strategy to convey emotion and a non-threatening attitude in speech (Ohala, 

1984a), and for this reason this feature is not expected to be prominent in FDS. In fact, the 

many studies sustain that FDS does not have a high pitch correlate (Biersack et al., 2005; 

Bobb et al., 2019; Knoll et al., 2009a, 2011a; 2011b; Lorge & Katsos, 2019; Uther et al., 2007). 

For example, Biersack et al. (2005) and Uther et al. (2007) found no significant difference 

between FDS and NDS. It is important to note that although some studies underscored the 

absence of heightened mean pitch in FDS, other studies have disclosed a different pattern of 

results. In recent work, Kendi and Khattab (2019) demonstrated that pitch average midpoints 

were higher in FDS than NDS (Hazan et al., 2015). However, this significant increase in mean 

pitch in FDS might be due to specific aspects of their study design. In Kendi and Khattab 

(2019), the addressees of FDS were domestic helpers who had been working for the 

participants (i.e., speakers) for an extended period of time (from 2 months to 4 years). Indeed, 

previous evidence has shown that familiarity and emotional closeness can alter speech 

realisation (Bänziger & Scherer, 2005; Costa et al., 2008; Farley et al., 2013), and this could 

have resulted in exaggerated pitch in speech produced in the interactions between these 
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dyads. On the other hand, Knoll & Scharrer (2007) and Knoll et al. (2015) found a similar 

effect with higher mean pitch in FDS than NDS, which was not due to familiarity between 

interlocutors. Still, procedural differences may play a role. The 2007 study used a specific 

procedure, in which participants had to imagine non-native listeners and speak as if they were 

addressing them (see Section 1.5.1). In the 2015 study, all the participants had just been 

speaking to people with hearing loss. This could have elicited higher pitch and resulted in 

carry-over effects when they switched to using FDS.  

In summary, this section reviewed evidence on vowel hyperarticulation, low speech 

rate, high intensity, and high pitch correlates in FDS (see Figure 2 for a summary of the FDS 

features). Most research has found vowel hyperarticulation and low speech rate in FDS. 

Conversely, there is less evidence of intensity and different pitch features (range, contour, 

and mean) being different between FDS and NDS. FDS mainly employs flat contours, but in 

some cases rising contours occur, resembling the contours of interrogative utterances. FDS 

may be characterised  by a wide pitch range, which could reflect hyperarticulation, although 

little research effort has been dedicated to exploring this feature. Lastly, several studies failed 

to report higher mean pitch in FDS in comparisons to NDS, although some supportive 

evidence has been noted (e.g., Kendi & Khattab, 2019).  
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Figure 2. Summary of the features of FDS. “Evidence supporting its presence” means that 
there is evidence in favour of this feature. Features reporting “Under debate” mean that there is still 
little or mixed evidence.  

 

1.3. Emotional valence of FDS 

The emotional or affective properties of FDS have also received attention in the 

literature. In studies exploring this question, participants were asked to listen to continuous 

speech samples and rate how positive or negative they sounded. The emotional valence of a 

speech signal is a complex combination of several acoustic features including, but not limited 

to, speech tempo, pitch height and range, and intensity (see Liscombe et al., 2003; Tursunov 

et al., 2019). While the perceived affect of a speech register can be directly related to 

speakers’ desire to transmit emotion or to their communicative intent, it can also be a by-

product of the exaggeration of prosodic and acoustic components intended to enhance a 

register’s clarity or its didactic purpose. As discussed below, these components can elicit 

negative perceptions from listeners, which in turn can have an effect on the register’s 

effectiveness as a linguistic tool. Critically, perception of the emotional valence of FDS 
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appears to vary depending on the linguistic profile of the listener, so next we separately 

consider studies in which ratings were provided by either foreign or native listeners.  

Non-native listeners. Bobb et al. (2019) identified a positive correlation between 

median pitch in FDS and ratings of speakers’ competence and friendliness (see Lynch, 1988). 

In this study, FDS consisted of sentences read to an imaginary audience rather than naturally 

produced speech to a foreigner. FDS was compared to other speech registers including NDS, 

clear speech, and IDS, yielding several interesting results. FDS was perceived as friendlier 

than NDS. IDS contained the highest level of median pitch, followed by FDS, clear speech, 

and NDS (IDS > FDS > clear > NDS), suggesting that positive emotional affect is (at least 

partially) driven by pitch height. Each register was produced by native speakers, but naïve 

(foreign) raters – who were not aware of speakers’ language background and proficiency – 

considered speakers in the FDS condition to be overall less competent than speakers in the 

generic clear speech condition. On the other hand, speakers who produced higher median 

pitch in their FDS were rated as more competent and less condescending. Bobb et al. (2019) 

concluded that intelligibility did not positively correlate with perceived condescension, 

meaning that speaking clearly does not entail sounding condescending and patronising.  

Native listeners. Native listeners are expected to have different perceptions of FDS 

than the intended non-native audience because they would not derive any linguistic benefit 

from this register (unless they hear it in challenging listening conditions). That is, a positive or 

negative evaluation of FDS may depend on whether the listeners feel themselves to be the 

intended and appropriate addressees for the register adopted (Austerlitz, 1956; Ferguson, 

1975). DePaulo and Coleman (1981) recruited 91 native English listeners to rate 

communications directed to non-native listeners (as well as to infants, adult native listeners, 

and people with cognitive disability). These participants perceived FDS as less friendly, less 

respectful, and less encouraging than NDS, but they considered speakers using FDS to be 

more competent than speakers of all the other speech registers. Surprisingly, in a later study 

using the same methodology and a combination of measures, DePaulo and Coleman (1987) 
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instead found that FDS was considered to be warmer than NDS. The authors stressed that 

listeners displayed a remarkable ability to recognize differences between registers even 

without any explicit/external cues as to the identity of the addressees (see also Knoll et al., 

2011a). This indicates that FDS is clearly differentiated from other registers, suggesting that 

it serves a communicative function and conveys psychological and sociological information 

(DePaulo and Coleman, 1981).  

In more recent work, Uther et al. (2007), Knoll and Scharrer (2007), and Knoll et al. 

(2011b) used low-pass filtered segments of vocal interactions between two native speakers 

of English, a native speaker and their infant, a native speaker and a non-native confederate 

(a native Chinese speaker) to elicit ratings of negative and positive vocal affect from naïve 

native listeners. This band filter removed all frequencies above 1000Hz rendering speech 

unintelligible, while leaving prosodic and emotional features unaffected (Scherer, 1971; 

Scherer et al., 1972; Starkweather, 1967), so that raters had to rely on acoustic features for 

their emotional evaluations, without considering semantic content. In Uther et al. (2007) and 

Knoll and Scharrer (2007), FDS received the lowest ratings for positive vocal affect and the 

highest ratings for negative affect (see also Knoll et al., 2009a), whereas in Knoll et al. 

(2011b), FDS received lower rating than NDS for positive vocal affect only. In addition, Knoll 

et al (2009b) tested the consistency of emotional ratings across various band filters, in 

addition to the 1000 Hz cut-off, to measure the contribution of higher frequency bands to rating 

scores. They found that across most filter levels (except the unfiltered and the 1200Hz filter 

version), NDS was rated as having higher positive vocal affect than FDS, but it was 

considered to request the same level of attention.  

A number of acoustic parameters may be responsible for the different impressions 

made by different registers, especially the negative perception of FDS by native listeners. For 

instance, it has been argued that speech rate (Stewart, Bouchard-Ryan, 1982; Knoll et al., 

2009a), vowel hyperarticulation (Uther et al., 2007), and pitch (Knoll et al., 2015) modulate 

the degree of negativity associated with FDS (see Rothermich et al., 2019). Rothermich et al. 
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(2019) reported that in Uther et al. (2007) more hyperarticulated vowels in IDS got more 

positive ratings, whereas in FDS greater vowel hyperarticulation corresponded to more 

negative ratings. High pitch and wide pitch range also seem to play a role in eliciting positive 

emotional evaluations (cf. Knoll et al., 2015). Knoll et al. (2009b) found that the positive vocal 

affect of IDS decreased as low-pass band filters excluded higher frequencies, therefore 

reducing the contribution from the high pitch cue. We know that high pitch is a typical feature 

of IDS, hence it is likely that the exclusion of higher frequencies was the cause of the reduction 

in the perceived positive vocal affect in this register. This indicates that high mean pitch of 

IDS has some influence over its positive affect. However, it is worth noting that in Knoll et al. 

(2009b) pitch was higher in NDS than FDS, and this could have accounted for its higher 

positive vocal affect ratings and partially account for the rating discrepancy between these 

two registers (Biersack et al., 2005; Uther et al., 2007). 

Most experiments with native raters have found that FDS is perceived negatively, even 

when semantic content is obscured by using various band filters. However, studies to date 

have not assessed listeners’ beliefs about the intended audience for each register that they 

were asked to rate. We suggest this assessment should be included in future perceptual 

studies: listeners’ ratings may be influenced by their perceptions of the register used and its 

intended audience. For instance, when native raters think that FDS is addressed to them, 

they might find it condescending and rate it negatively; conversely, if they believed it was 

addressed to someone else (especially a non-native listener), they might rate it more 

positively. Since FDS is a register directed to adults, it could be used to convey a disrespectful 

message to native listeners and be negatively rated for this reason (see Starkweather, 1967; 

Clyne, 1981). It is likely – but this proposal needs deeper investigation – that low speech rate 

and vowel hyperarticulation in the absence of a positive emotional contribution from high 

mean pitch both play a role in eliciting negative judgments of FDS from native raters. 

1.4. The theory behind FDS.  



33 
 

 

The discussion above indicates that speakers adjust their speech when addressing 

non-native listeners in a way that is proposed to assist speech processing and 

comprehension. Now, we turn to the theories that have tried to account for these 

accommodations in FDS. Earlier theoretical approaches hypothesised that FDS was an 

example of a simplified register, largely characterised by syntactic and lexical simplifications 

(Henzl, 1973; Tweissi, 1990). FDS was assumed to be the result of a  communication strategy 

determined by cultural rules (see Ferguson, 1975; Canale & Swain, 1980; Tarone, 1980). 

More recently, FDS has generally been interpreted as the result of speech accommodation 

by L1 speakers who want to maintain successful communication with L2 listeners (Giles et 

al., 1991; Hazan et al., 2015; Scarborough et al., 2007; Smith, 2007; Snow et al., 1981; 

Zuengler, 1991; see also Costa et al., 2008). This view assumes that speakers are sensitive 

to the addressee’s need to receive linguistic clarifications and learn phonological contrasts.  

The Hyperarticulation & Hypoarticulation (H&H) theory of speech accommodation 

(Lindblom, 1990) is the main theoretical framework adopted to interpret FDS research findings 

in the recent literature. This theory sustains that the main source of speech variability is 

accommodation to listeners, situations, and contexts. According to this theory, speakers 

continuously regulate their speech production along the hypo-/hyper-articulation continuum, 

in order to meet their communicative aims, listeners’ demands, and to maintain successful 

communication. The articulation continuum spans the range from least to most effortful 

articulation, where the least effort is put into interaction with peers (i.e., NDS), following the 

natural tendency to save articulatory energy as much as possible without losing category 

distinctiveness (effort-based approach to Optimality Theory, Kirchner, 1997; Theory of 

Adaptative Dispersion, Lindblom, 1990; Diehl & Lindblom, 2004). The Communication 

Accommodation Theory (CAT) offers an alternative but similar perspective that accounts for 

previous experience with interlocutors, non-linguistic cues (such as smiling), and adoption of 

listeners’ communication behaviours (Beebe & Giles, 1984; Coupland et al., 1988; Giles, 
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2016; Giles et al., 1991; Zhang & Giles, 2017). The latter element is part of a so-called 

convergence strategy, which enhances communication success through modifications of 

segmental and suprasegmental properties. The opposite strategy is called divergence, and is 

designed to maintain social distance by eschewing speech adjustments and demonstrating 

indifference to effective communication (for additional theoretical frameworks, see Nekvapil 

& Sherman, 2015; Wooldridge, 2001; Zuengler, 1991). 

Both the H&H and CAT speech accommodation frameworks entail that most FDS 

adjustments are regulated by didactic intentions. There is, therefore, widespread theoretical 

consensus on the didactic purpose of FDS (Biersack et al., 2005; Smith, 2007; Margić, 2017; 

Rothermich et al., 2019; Bobb et al., 2019). However, as we discuss in later sections of this 

review, despite this consensus, there is little direct evidence establishing that FDS is effective 

in achieving its proposed didactic impact, and whether any positive effects associated with 

this register actually enhance non-native listeners’ subsequent L2 perception or production. 

In short, there is a pressing need for further research into the didactic intentions, functions, 

and impacts of FDS.  

The next section of this review focuses on the factors that can influence or modulate 

acoustic adjustments and the proposed didactic purpose of FDS described in previous 

sections. According to these theoretical accounts, FDS speech accommodations are based 

on the listener, the speaker, the situation and communicative context. We discuss the effects 

of each of these factors on the properties of FDS below. 

1.5. Factors that influence speech accommodation. 

1.5.1 Listener characteristics   

Language proficiency and accentedness. Language proficiency and the accentedness 

of the listener may be the first factors that influence the level of accommodation in FDS and 

its acoustic realisation. To our knowledge, no systematic investigations of the effect of 

listener’s proficiency on FDS are available, but previous studies allow us to speculate that 
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perceived proficiency modulates the extent to which native speakers are inclined to adjust 

their speech for L2 listeners. For instance, Snow and collaborators (1981) suggested that the 

perceived language proficiency of the non-native listener (in addition to their perceived social 

status and intelligence) is responsible for the magnitude of FDS effects (see also Gaies, 1979; 

Chaudron, 1978; Dahl, 1981;  Liu, Kuhl, & Tsao, 2003 for evidence on IDS). Kühnert and 

Antolík (2017) results on different speech rate adaptations made by native French and English 

speakers (presented in Section 1.2.2) suggest accommodation differences across speakers 

largely depend on the listener’s language proficiency. In fact, in this study, English listeners 

had about 3 years less L2 experience than their French counterparts (6.4 vs. 9.2 years, 

respectively). The authors acknowledged that this might be the reason why only French 

participants adapted their speech rate to help their listeners. Furthermore, other studies have 

found low speech rate in English FDS (Warren-Leubecker & Bohannon, 1982; Hazan et al., 

2015), suggesting that Kühnert and Antolík’s null result for English FDS was likely due to 

listener characteristics rather than a cross-linguistic difference in adaptation between English 

and French. In sum, speech rate may vary as a function of an addressee’s proficiency and 

future research should aim to assess correlations between the foreigner listener’s proficiency 

and the native speaker’s speech rate in English and other languages. 

Several studies suggest that accentedness has a tight negative correlation with 

language proficiency (Gallego, 1990; Kang et al., 2010; Munro & Derwing, 1995), meaning 

that a strong foreign accent corresponds to a low level of proficiency. While some low-

proficiency addressees may have less obvious foreign accents (Munro & Derwing, 1995), it 

is still the case that speakers may be biased to interpret a strong L2 accent as a symptom of 

low proficiency, and consequently adapt their register to help these listeners (see Kang et al., 

2010). To date, no experiments have explored proficiency versus accentedness in orthogonal 

designs; instead, experiments have relied on the generic perception of the confederate’s 

strong foreign accent without differentiating between accent and proficiency (e.g., Uther et al., 

2007). Furthermore, previous research has not provided many details or objective 
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measurements of listeners’ accentedness and/or proficiency with few exceptions (Lynch, 

1988; Hazan et al., 2015; Kendi and Khattab, 2019). In the only study to specifically address 

accentedness, Lorge and Katsos (2019) asked a Greek confederate to emphasise her foreign 

accent while producing grammatically correct speech in English, yet even in this case, no 

measure of resulting accentedness was reported. In this study, speakers hyperarticulated 

vowels only when the confederate simulated a strong foreign accent. This suggests that 

accentedness has some influence on the properties of FDS.  

These findings stress the importance of using consistent measurements across 

studies that allow for direct comparisons of proficiency and accentedness. If the listener’s 

proficiency level affects the realisation of FDS properties (i.e., speech rate) independently 

from accentedness, this would be strong evidence that this register has a generic didactic 

purpose. Conversely, if accentedness only drives FDS features, or some of them, FDS likely 

provides articulatory information to help highly proficient L2 listeners who nevertheless retain 

a strong foreign accent.  

Perception of foreignness. Another listener characteristic that may influence FDS 

production is the perception of foreignness. This construct is largely linked to listeners’ 

physical appearance, which can lead speakers to assume they are foreigners with linguistic 

difficulties even when there is no evidence of strongly accented L2 speech or low L2 

proficiency. Of course, it is noteworthy that a speaker’s L1 and language background (e.g., 

bilingualism) are not directly related to their physical aspect, but some studies find that 

perception of foreignness is influenced by physical appearance, even when that is not justified 

by the interlocutor’s language identity or proficiency (Bernstein et al., 2007; Ito et al., 2004; 

Rubin, 1992). If physical appearance (only) drives hyperarticulation in FDS (see Long, 1983), 

then the register would not serve a didactic purpose but rather reflect an intention to 

emphasise social distance and linguistic superiority (Biersack et al., 2005; Clyne, 1981; 

Valdman, 1981). Results from FDS ratings (Uther et al., 2007; Hazan et al., 2015) seem to be 

in line with this idea because native listeners might perceive FDS to be disrespectful and to 
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have lower intelligibility than other clear registers (see Valdman, 1981 for a similar 

hypothesis). Ratings made by native listeners might be based on their perception of an 

imbalance in speaker-listener interactions; that is, adjustments that are not made to 

accommodate listeners, but rather due to prejudices about perceived foreignness.  

To address this issue, Kangatharan et al. (2012) calculated the vowel hyperarticulation 

of a square vocalic area of speech directed to foreign-looking and native-looking confederates 

with or without foreign accents. They observed that the accent of the addressee did not induce 

vowel hyperarticulation, but the addressees’ foreign appearance did. Surprisingly, native-

looking listeners with foreign accents did not elicit any acoustic adjustments in speech. This 

finding, however, was not replicated by the same team in a study with different target vowels 

and a larger sample size (Kangatharan et al., 2015). Here, the physical aspect of the listeners 

had no effect on FDS, whereas a foreign accent elicited hyperarticulated vowels (Arthur et al., 

1980). In order to shed light on this matter, future research on FDS is required to consider 

possible confounding factors derived from speakers’ biases toward different ethnicities. At 

present, most studies conducted on FDS did not clearly state whether their confederates had 

both foreign physical appearances and foreign accents (i.e., Uther et al., 2007; Hazan et al., 

2015; Kendi & Khattab, 2019), which hinders the distinction between the influence of these 

two factors. Based on this limited evidence, it appears that physical appearance alone, 

namely the perception of foreignness, is not sufficient to elicit FDS. However, further evidence 

that directly compares appearance and accentedness is required. 

Imaginary addressees.  Many studies have opted to use 'imaginary listeners' by 

eliciting FDS in the absence of a live non-native listener (Papaousek and Hwang, 1991; 

Biersarck et al., 2005; Scarborough et al. 2007; Knoll and Scharrer, 2007; Knoll et al., 2009a, 

2009b, 2011a, 2015; Bobb et al., 2019). This approach is advantageous in terms of controlling 

interactions, by reducing the individual differences that inevitably arise from live face-to-face 

interactions. Still, this design choice prevents researchers from controlling for factors such as 

accentedness and language proficiency, which as discussed above, can influence the 
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realisation of FDS, and may explain some of the contradictory findings in the current literature. 

The validity of these paradigms may also be questioned: the interaction may not be as natural 

as one with a live interlocutor present and each participant might imagine a different 

‘stereotypical’ foreigner, possibly depending on their previous personal experiences (Snow et 

al., 1981). Any of these imagined differences could elicit different degrees of acoustic 

adaptation in FDS.  

In fact, findings from studies that employed imaginary addressees to elicit FDS have 

been mixed. Some studies have reported adjustments similar to those reported in the 

presence of real addressees (Biersack et al., 2005; Bobb et al., 2019; Scarborough et al., 

2007), while others report no differences from NDS (Knoll et al., 2009a, 2011a; Knoll & 

Scharrer, 2007). Scarborough et al. (2007) compared the results of interactions with imaginary 

and real non-native listeners and found that the imaginary listeners elicited low speech rates 

to a greater degree than real addressees (see also Knoll et al., 2009a). This demonstrates 

that real and imaginary audiences can elicit unequal manifestations of FDS features (Knoll & 

Scharrer, 2007; Knoll et al., 2009a). It seems likely that imaginary addressees lead to 

inauthentic speech modifications, and that such adjustments likely vary across participants 

due to their own performance abilities (i.e., actresses vs. students in Knoll et al., 2009a), 

experience with L2 speakers, or the instructions they received on the experimental task 

(Snow, 1981; Lam et al., 2012; Knoll et al., 2011a). To counteract some of these issues, 

further research involving fictitious listeners could consider employing simulations of live 

interactions, i.e., making participants believe they are talking to a real foreigner. This option 

still does not require actual addressees, making it practically feasible, and in turn has several 

benefits. A simulation, for instance, guarantees stable comparisons across participants, 

thanks to the standardisation of the fictitious listener’s behaviour (see Buz et al., 2016). It also 

allows the researcher to control various factors such as the physical appearance and 

accentedness of the listener, simultaneously.  
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1.5.2 Speaker characteristics  

Production of FDS acoustic features seems to be speaker dependent. In fact, Knoll et 

al. (2011a) compared students and actresses’ FDS production, and observed that, with the 

same amount of exposure to non-native listeners, the actresses hyperarticulated vowels more 

than the students (see also Knoll et al., 2009a). In addition, the nature of the relationship 

between interlocutors might also induce speakers to tailor their speech to listeners’ needs.  

Previous experience and bilingualism. Experience communicating with L2 listeners is 

one factor that appears to increase speakers’ sensitivity to listeners (Snow et al., 1981), and 

makes them more likely to accommodate their speech (i.e., to use FDS). For instance, 

language teachers, who are used to dealing with L2 learners’ difficulties, might be particularly 

prone to employ effective speech adjustments, which would result in specific adaptations in 

their speech production matched to their students’ L1 phonological inventory. Another 

population that has been studied in this regard are bilingual speakers. Lorge & Katsos (2019) 

found that bilinguals hyperarticulated vowels more than monolinguals in FDS. This suggests 

that bilingualism shapes FDS, and that individuals who are immersed in multilingual 

environments, and who may have been L2 learners themselves, are more prone to use this 

speech register.  

Emotional closeness, familiarity, and relationship. Speakers may differentially adjust 

their speech depending on the nature of their relationship with their interlocutor. People are 

likely to behave differently with elders as compared to same-age peers, with people whom 

they know, or have a close relationship to outside the experimental context such as romantic 

partners (Bänziger & Scherer, 2005; Caporael, 1981; Farley et al., 2013; Kemper et al., 1995). 

Young people or caregivers often overaccommodate their speech when talking to elders or 

people with disabilities, conveying condescension (Coupland et al., 1988; Ryan et al., 1994; 

Ryan et al., 1986). This demonstrates that both age and familiarity shape the relationship 

between interlocutors and influence their speech adjustments. Kendi and Khattab (2019) used 

foreign addressees (age not reported) who had been working for the participants of the study 
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(the native speakers) for at least 2 months. Speakers and listeners knew each other, some 

for up to four years. Native speakers produced FDS characterised by wider vocalic space, 

limited to F1 movement, and higher pitch than NDS. This finding is in line with studies on 

articulation and pitch modulation in speech addressed to lovers or intimate friends. This 

suggests that social aspects of the relationship between interlocutors, like distance or 

closeness (i.e., relationships with superiors or peers) may be relevant to the way in which 

FDS is delivered. In line with this possibility, other work on FDS has employed strangers as 

listeners, and did not find higher mean pitch, but instead observed an expanded vocalic 

triangle manifested as both F1 and F2 exaggeration (Uther et al., 2007; Kangatharan et al., 

2015). Note that, as far as we know, the latter set of studies used English as the target 

language, which may limit the generalisation of these findings to other languages. Future 

studies should probe the influence of different types of relationships between interlocutors on 

FDS, especially in languages other than English, and consider age, social distance, emotional 

closeness, and immersion in a multilingual environment as factors that potentially play a role 

in shaping FDS features.  

1.5.3 Situational and contextual factors  

Situational factors: task instruction and communicative goal. Situational factors 

influence the properties of FDS and include, but are not limited to, the instructions given to 

the speakers to elicit FDS (Knoll et al., 2011a), and the purpose of the conversations in which 

they use FDS. There are numerous potentially important situational elements, and they are 

often tightly bundled together, making it difficult to disentangle their effects. At present there 

is still little evidence for the influence that experimental tasks have on the acoustic properties 

of FDS, but it is likely they have important effects. For instance, previous research indicates 

that the instructions used to elicit a clear register directly influence its realisation (Lam et al., 

2012; see also Smiljanić & Bradlow, 2009; Knoll et al., 2011a). Knoll et al. (2011a) investigated 

FDS features by employing “simulated free speech” and “standardised sentences”. In the 

former task, speakers were provided with three target toys (a shark, a sheep, and a shoe) so 
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that they could invent their own scenarios (centred on the target words) to address imaginary 

listeners. In the latter task, speakers used fixed sentences like ”Look at the ‘target word’” to 

address the same imaginary listeners (e.g., “Look at the shark”). The authors observed 

differences in the acoustic features elicited in the two tasks and concluded that the 

reproduction of some FDS features depends on the task employed. Hence, the type of task 

may induce peculiar speech modifications and communicative strategies; for instance a task 

where participants have to read aloud (as in Bobb et al., 2019) likely results in FDS with 

peculiar phonetic characteristics that are different than those of spontaneous speech tasks 

(see Blaauw, 1992; Hazan & Baker, 2010; Laan, 1992). A tandem situation where two 

interlocutors practise language exchange (as in Kühnert & Antolík, 2017), provides for a free 

ranging, natural, conversational situation. By contrast, requiring a speaker to give directions 

to a listener over the phone (as in Smith, 2007) entails a strictly defined situation and a 

possibly hierarchical relationship between interlocutors. In the former case, the target 

audience probably feels freer to ask for repetitions when the speaker’s enunciation is not 

sufficiently clear. There are other factors, not directly related to listeners or speakers 

themselves, that are not fixed, but rather vary dynamically. For instance, it may be 

hypothesised that speakers provide slightly different acoustic cues depending on the 

immediate goals of communication; for instance, if they are using FDS to teach the proper 

pronunciation of phonemes or the spelling of ambiguous words. These different didactic goals 

may require different approaches to situational difficulties and possibly different articulatory 

strategies.  

Contextual factors: feedback and perceived successful communication. Feedback 

from listeners during communication may induce speakers to dynamically regulate their 

speech rates or increase the perceptual distance between ambiguous phonemes in a specific 

word. In fact, feedback from the interlocutor seems to be fundamental in eliciting 

hyperarticulatory phenomena in communicative interactions (Buz et al., 2016; Maniwa et al., 

2009; Ohala, 1984; Stent et al., 2008; see also Smith & Trainor, 2008 for evidence on IDS). 
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Two studies demonstrate that speakers make dynamic adjustments to their speech properties 

in response to interlocutors’ feedback (Burnham et al., 2010; Buz et al., 2016). Burnham et 

al. (2010) observed that speakers hyperarticulated vowels when addressing a computer 

avatar (rather than a human), who repeated their sentences, and they did so to a greater 

extent after the avatar pronounced their sentence incorrectly than when it did so correctly (see 

also Schertz, 2013 for a study on exaggerated contrasts after listener’s misheard speech). 

Buz et al. (2016) observed similar results in a simulated native-native interaction where 

speakers hyperarticulated plosive consonants after receiving negative feedback, and then 

maintained this alteration across several trials. In fact, some speech adjustments emerge only 

if speakers perceive that successful communication is useful to the listener (Kuhlen & 

Brennan, 2013; Lockridge & Brennan, 2002). In short, feedback appears to shape speech 

registers because it induces the production of clear features such as vowel hyperarticulation. 

With regards to FDS, only one study to date has assessed the role of feedback on its 

realisation. Warren-Leubecker and Bohannon (1982) directly explored the role of feedback 

on the online adjustment of speech during native speaker and non-native listener interactions. 

They found that regardless of non-natives’ L2 proficiency levels, lower FDS speech rates were 

mostly driven by feedback indicating that communication had failed. This result, together with 

previous findings from NDS studies, suggests that feedback may play a significant role in FDS 

production (see Suffill et al., 2021 for evidence on lexical alignment with non-native listeners). 

Alternatively, negative feedback could demonstrate comprehension difficulties, indicating the 

listener has low proficiency. In this case, FDS might be elicited mainly as a function of the 

listener’s language proficiency level. To test these possibilities, future research should focus 

on disentangling main effects and the interaction between feedback and proficiency in order 

to define the role of each of those factors on FDS production. Warren-Leubecker and 

Bohannon’s (1982) evidence on the feedback mechanism supports the H&H hypothesis (see 

Section 1.4) that FDS serves a didactic purpose in response to a listener’s linguistic needs. 

However, future research should aim to establish whether didactic purpose and feedback 
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determine the acoustic changes in FDS to a similar degree and whether their effects can 

indeed be disentangled to provide a more precise explanation for the observed properties of 

FDS.  

In Section 1.5, we showed that FDS features are influenced by multiple factors, some 

related to listeners and others to speakers (see Figure 3 for a summary). FDS is the result of 

a complex set of factors, which include, for instance, adaptations to low proficiency listeners 

and the nature of the personal interaction between interlocutors. Lastly, we discussed that 

speech is adapted according to feedback from listeners in line with the goals of successful 

communication. The information presented in Section 1.5 indicates that FDS is not a static 

register, but rather adapts to situations, context, and interlocutors’ interactions. The dynamic 

nature of FDS is strictly bound to its didactic purpose, and Section 1.6 provides a discussion 

of FDS features in relation to other clear speech registers that will further help to understand 

this aspect.  

 

Figure 3. Summary of the factors influencing FDS realisation. “Evidence supporting its 
presence” means that there is evidence in favour of this factor. Factors reporting“Under debate”mean 
that there is still little or mixed evidence. 
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1.6. Differences and commonalities between FDS and other clear speech 

styles 

A comparison between FDS and IDS suggests that both registers serve a didactic 

function:  they are produced to enhance language acquisition. By contrast, the clear features 

of Lombard Speech cannot serve this function; this register simply reflects the need to 

communicate clearly in a noisy environment. But similar acoustic adjustments might result 

from different underlying purposes, adaptation to listeners’ needs, and communicative goals. 

1.6.1 Comparing FDS and IDS 

IDS is the speech register that adults use in interactions with young infants (Golinkoff 

et al., 2015). It has a number of linguistic, emotional, and acoustic characteristics that 

differentiate it from Adult Directed Speech (ADS, which is equivalent to NDS), including 

simplified grammar (Soderstrom, 2007), warm positive affect (Kitamura & Burnham, 2003), 

changes in speech timbre (E. A. Piazza et al., 2017), low speech rate (Panneton et al., 2006), 

exaggerated pitch height and range (Fernald et al., 1989), and acoustic exaggeration of 

vowels (Kuhl et al., 1997). Vowel hyperarticulation in IDS (Burnham et al., 2015; Cristia & 

Seidl, 2014; Kalashnikova & Burnham, 2018), has been proposed to serve a specific linguistic 

function, similar to FDS. Compared to ADS, caregivers using IDS significantly expand the 

acoustic space between the three corner vowels /i/, /u/, and /a/. This is proposed to result in 

clearer speech that helps infants discriminate the phonetic categories of their native language 

and later reproduce them in their own vocal tract. However, this proposal has been debated 

in IDS literature (Cristia, 2013). First, while vowel hyperarticulation in IDS has been reported 

for a number of languages including English (Adriaans & Swingley, 2017; Burnham et al., 

2002; Kalashnikova & Burnham, 2018), Russian and Swedish (Kuhl, 1997), Spanish (García-

Sierra et al., 2021), and Mandarin Chinese (Liu et al., 2009), it has not been detected in Dutch 

(Benders, 2013), German (Audibert & Falk, 2018), or Norwegian (Englund & Behne, 2005) 
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IDS. Second, vowel categories in IDS are more variable than those in ADS, so despite the 

expansion of the space between corner vowels, overall vowel clarity is reduced, and non-

corner vowel categories are less discriminable (Cristia & Seidl, 2014; Martin et al., 2015; 

McMurray et al., 2013). This evidence has led to the proposal that vowel hyperarticulation in 

IDS does not facilitate language acquisition but is instead a by-product of other affective 

adjustments made in this register such as changes in voice quality and smiling (Benders, 

2013; Miyazawa et al., 2017).  

Hence, it is possible that the acoustic exaggeration of vowels observed in IDS and 

FDS stem from different speaker intentions and articulatory mechanisms. Kalashnikova, 

Carignan, and Burnham (2017) provided the first direct evidence for this possibility. In their 

study, mothers spoke to an adult in a typical manner (ADS), to an adult in a clear and 

exaggerated manner (exaggerated speech, ES), and to their infant (IDS) while their tongue 

and lip movements were measured using electromagnetic articulography. Acoustic analyses 

of maternal speech indicated that ES and IDS contained more hyperarticulated vowels than 

ADS. However, mothers exaggerated their tongue movements, that is, actually 

hyperarticulated speech, only in ES and not IDS. Acoustic exaggeration of vowel F1 and F2 

in IDS, was instead explained to result from the significantly greater reduction in the size of 

the vocal tract through laryngeal raising in IDS compared to both ES and ADS. This 

adjustment is typically observed when a speaker wants to appear smaller and less 

threatening. The authors proposed that the acoustic exaggeration of vowels in IDS may have 

originated as a by-product of a maternal intent to sound friendly and comfort infants. However, 

while not originally aimed at facilitating infants’ language development, this ‘accidental’ 

component of IDS may have acquired a secondary linguistic function.    

In line with this proposal, there is evidence that vowel exaggeration is modulated by 

infants’ linguistic and processing needs, and that infants benefit from this component of 

speech input. First, reduced vowel exaggeration has been reported in IDS to infants who are 

unable to hear their mothers’ speech (Lam & Kitamura, 2012), or when infants are at-risk for 
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a language processing disorder such as dyslexia (Kalashnikova, Goswami et al., 2018; 2020). 

Thus, mothers appear to adjust the vowel properties of their IDS to the specific needs of their 

infant audiences. Second, hyperarticulated vowel sounds elicit more mature neural responses 

and more successful sound discrimination in nine-month-old infants (Peter et al., 2016) and 

facilitate word recognition in 19-month-olds (Song et al., 2010). Critically, these relations are 

observed at the level of individual mother-infant dyads: mothers who exaggerate vowels to a 

greater extent in their IDS have infants with more advanced speech perception skills 

(Kalashnikova & Carreiras, 2021; Liu, Kuhl, & Tsao, 2003) as well as larger concurrent and 

future vocabularies (Hartman et al., 2017; Kalashnikova & Burnham, 2018; Lovcevic et al., 

2020).  

The prosodic components of IDS, namely slow rate, pitch height, and pitch range also 

facilitate speech processing and lead to positive language acquisition outcomes in young 

infants (Spinelli et al., 2017). This is interesting given that these speech components are 

typically associated with the affective function of the register and are not consistently found 

in other clear speech registers including FDS (Biersack et al., 2005; Uther et al., 2007; Knoll 

et al., 2009a, 2011a; 2011b; Lorge & Katsos, 2019; Bobb et al., 2019). For instance, speech 

stimuli with the prosodic properties of IDS have been shown to facilitate infants’ neural 

encoding of speech (Kalashnikova, Peter, et al., 2018; Zangl & Mills, 2007), vowel 

discrimination (Trainor & Desjardins, 2002), segmentation of continuous speech (Thiessen et 

al., 2005), and word learning (Graf Estes & Hurley, 2013; Ma et al., 2011). Adults also benefit 

from these properties as they are more successful at learning novel words when they are 

produced in IDS than in ADS (Golinkoff & Alioto, 1995; Ma et al., 2020).  

As can be seen, some but not all IDS components overlap with FDS, and these 

similarities and differences have been used to support the claim that these components can 

occur independently of each other and are dynamically adjusted according to the specific 

emotional and linguistic needs of each audience (Burnham et al., 2002; Kalashnikova, 

Goswami, et al., 2018; Uther et al., 2007). However, more recent research has identified more 



47 
 

nuanced similarities and differences between these two registers that help us better 

understand their possible didactic functions and roles in facilitating language acquisition and 

processing. It appears that vowel hyperarticulation and low speech rate are manifested to a 

similar degree in FDS and IDS (Uther et al., 2007; Lorge & Katsos, 2019; Martin et al., 2016). 

The main difference between the registers consists of the lack of pitch exaggeration in FDS 

compared to IDS, particularly with regards to the exaggeration of pitch contours (Knoll et al., 

2015) and overall pitch height (Uther et al., 2007).  

 This review suggests that IDS and FDS share several components that may assist 

speech processing and language learning in their intended audiences. Infants benefit from 

the acoustic components of IDS when they occur in isolation or in unison, and there is some 

evidence that these components can also lead to processing benefits in adults. However, the 

presence of individual components in IDS is modulated by infants’ age and linguistic 

experience. It is plausible that similar effects due to language proficiency can be observed in 

FDS. In fact, neglecting the importance of L2 proficiency may have led to inconsistent findings 

regarding the individual components of FDS and how they facilitate L2 perception and 

learning.  

1.6.2 Comparing FDS and LS 

Lombard speech (LS) is a register elicited when speakers have to counter background 

noise (Lombard, 1911). Compared to NDS, its characteristic articulatory and acoustic features 

include loudness, articulatory effort, low speech rate, and hyperarticulation (Garnier et al., 

2006; Garnier et al., 2018; Sankowska et al., 2011; Hazan et al., 2015). Most of these features 

are shared with FDS, including loudness, low speech rate, and hyperarticulation (Hazan et 

al., 2015; Sankowska et al., 2011), but research has also uncovered several key differences. 

With regards to loudness, some research reported FDS to be louder than NDS, as we noted 

in Section 1.2.3. However, to the best of our knowledge, there is one study that has compared 

intensity across LS and FDS and it found no significant difference between the registers 
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(Hazan et al., 2015). Whereas the difference between FDS and NDS could be predicted, the 

lack of distinction between FDS and LS is surprising. In fact, we would instead expect LS to 

be significantly louder than FDS since the latter is not specifically intended to overcome noise. 

This predicted difference also aligns with accommodation theories, which predict speakers 

adjust to better accommodate listeners’ needs.  

Sankowska et al. (2011) explored other aspects of speech that distinguish FDS from 

LS. In this study, the authors found that FDS emphasises phoneme duration contrasts that 

help distinguish short from long speech sounds, whereas LS emphasises duration differences 

less than FDS. Hazan et al. (2015) compared NDS, FDS and two acoustic barriers, namely, 

vocoded and noisy speech. Compared to NDS, speakers modified their speech across all 

other conditions, but in the vocoded condition they lowered speech rate, lengthened words, 

and hyperarticulated vowels more than in FDS. As can be seen, LS and FDS share similar 

acoustic features, which are manifested to different extents. Specifically, the available results 

to date suggest that LS uses more hyperarticulated vowels and slower speech rates 

(lengthened words) than FDS, but FDS uses length contrastively to highlight phoneme 

differences to a greater extent than LS. 

LS and NDS share a native audience, but LS is a clearer register produced to 

counteract interference that lowers the intelligibility of the message for native listeners, who 

otherwise (without interference) would understand it perfectly. In fact, LS is only designed to 

overcome acoustic interference; the addressee faces no linguistic difficulty and has no need 

to learn the language. In short, LS does not have a didactic purpose. This is in line with the 

differences described in the features of LS and FDS and the perception of LS by both native 

and non-native listeners. In fact, Cooke & Lecumberri (2012) discovered that non-native 

listeners are not able to take advantage of LS clarity like native speakers (see also Bradlow 

and Benet, 2002 for a similar effect on clear speech), suggesting that LS and FDS fulfil 

different functions.  
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The comparison between FDS and LS shows that the aims of communication and 

addressees are crucial for eliciting speech registers. The didactic function of FDS is not limited 

to hyperarticulation, given that LS also exhibits this feature, but it does not serve a didactic 

purpose. The fact that both FDS and LS are characterised  by low speech rates and vowel 

hyperarticulation does not make them similar versions of clear speech. Rather, speech 

registers result from the sum of various factors such as the speaker’s intention and the specific 

communicative goal (e.g., to overcome linguistic difficulties in the case of FDS vs. noise in 

the case of LS). These factors, together with the addressee’s linguistic needs and identity, 

seem to be the most relevant factors in eliciting specific speech styles and their respective 

acoustic features (see Knoll et al., 2015 for similar results on FDS vs. speech directed to 

people with hearing impairments).  

 In Section 1.6, we discussed the differences and commonalities between FDS and 

two other clear registers. By comparing and contrasting acoustic features, we established that 

FDS and IDS are both likely to serve didactic purposes that nevertheless differ in some 

respects. In fact, we saw that the origin of the didactic function of these two registers is 

regulated by the specific needs of their audiences: addressee identity plays an important role 

in defining the characteristics and purpose of each register. As for FDS and LS, the evidence 

suggests that the two registers have highly similar acoustic features (loudness, low speech 

rate and vowel hyperarticulation), but that specific manifestations of these features may derive 

from different speaker intentions and listener needs. Loudness in LS is justified by its need to 

overcome background noise, which is not the case in FDS. Perceptual studies would help to 

untangle the differences and similarities between these registers in an objective manner. 

Ratings of clarity and other types of subjective ratings could help advance our understanding 

of the differences between these registers and their purposes (see Rothermich et al., 2019). 

With this in mind, the next section turns to existing research that has investigated the 

perception of FDS by native and non-native listeners.  

1.7. Perception of FDS  
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Without the appropriate level of speech accommodation, non-native listeners 

experience frustration and lose interest in L2 learning (Zuengler, 1991; Kemper et al., 1995; 

Margić, 2017). The appreciation of FDS may depend on whether it meets their needs without 

being either overaccommodating or patronising (Perdue, 1984; Coupland et al., 1988; 

Lindblom, 1990). According to the didactic view of FDS and our discussion above, both affect 

and clarity perceptions of FDS depend on the non-native listener’s L2 proficiency (Chaudron, 

1978; Dahl, 1981; Snow et al., 1981; Xu et al., 2013). However, studies on listener’s 

perceptions of FDS are scarce and most focus only on the emotional valence of FDS using 

listener affective ratings (as discussed in Section 1.3). On the other hand, very few studies 

have focused on FDS intelligibility, or on how clear and useful L2 listeners consider FDS to 

be. Here we point out the most relevant results regarding the perceived clarity of FDS first by 

non-native listeners and then by native listeners.  

Non-native listeners. Congruent with theories of accommodation and the didactic 

function hypothesis (Lindblom, 1990; Uther et al., 2007), non-native listeners tend to rate FDS 

as being clearer than NDS, possibly because FDS meets their needs for language learning 

(Hazan et al., 2015). In Bobb et al. (2019), participants had to assign clarity scores to FDS 

and NDS without knowledge of what register they were hearing; the non-native listeners rated 

FDS as clear speech, whereas NDS was rated as less intelligible. In Kangatharan et al. 

(2015), early and late L2 learners listened to samples of FDS and NDS with low to high levels 

of added noise and assessed their clarity by using a Likert scale. All participants perceived 

FDS to be clearer than NDS regardless of their L2 proficiency, and an interaction between 

noise level and speech register showed that FDS clarity was less affected by noise than NDS. 

Such results are crucial because they demonstrate that FDS is sharply differentiated from 

NDS (Depaulo & Coleman, 1981; Knoll et al., 2011a), and that it possibly boosts L2 

intelligibility for non-native listeners. This is in line with the finding that non-native listeners do 

not consider LS to be as clear as native listeners do (Cooke & Lecumberri, 2012), supporting 

the assumption that LS lacks any didactic function. It appears that non-native listeners 
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perceive FDS to be clearer than LS since only the former is intended to meet their linguistic 

and communicative needs. It is important to underline that, although most general features of 

FDS (e.g., low speech rate) likely enhance speech clarity for non-native listeners of any L1, it 

is also probable that this clarity effect partially depends on the non-native listeners’ L1 and on 

whether production of FDS is oriented to accommodate listeners of that specific language.  

The studies reported above indicate that FDS supports speech clarity at any level of 

L2 proficiency, but all conclusions are based on subjective survey ratings, and objective 

measurements of actual speech processing and comprehension are missing. Neuroimaging 

techniques would provide a way to obtain measurements that do not depend on raters’ 

metacognitive skills and would directly assess the benefits of FDS. The only study to date that 

has employed this approach is Uther et al. (2012) who used electroencephalography (EEG). 

They recorded event related potentials (ERPs) derived from the perception of hyperarticulated 

words and measured mismatch negativity (MMN), which is an index of auditory discrimination. 

To assess whether vowel hyperarticulation helped L2 listeners to discern vowel contrasts, 

native and non-native listeners were tested in a word listening task, in which words were 

produced with either standard or hyperarticulated vowels. Results showed that the phonetic 

changes were detected regardless of the listener’s language status: MMN was elicited by 

hyperarticulated vowels in both native and non-native listeners. This finding leaves open the 

questions of whether non-native listeners benefit from hyperarticulated vowels to perceive L2 

phonemic contrasts and whether FDS enhances L2 perception as compared to NDS. In fact, 

the non-native participants had a high level of proficiency (about 9 years of L2 use) and were 

living in the country where their L2 was used at the time of the experiment. Hence, non-native 

participants had likely already acquired the phonological contrast used in the experiment, and 

they did not need hyperarticulation to aid its detection. Therefore, the question of whether L2 

listeners benefit from vowel hyperarticulation remains open and requires further research, 

especially on non-native listeners with low levels of L2 proficiency. 
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Native listeners. Kangatharan et al. (2015) also asked native listeners to rate how clear 

they found FDS and NDS (with or without noise). Like non-native listeners, native listeners 

perceived FDS to be clearer than NDS, indicating that FDS is indeed a type of clear speech. 

In line with this finding, Hazan et al. (2015) explored native listeners’ perception of clarity in 

FDS compared to NDS and Lombard Speech, which, as discussed above, exhibits a similar 

degree of vowel hyperarticulation as FDS but lacks its proposed didactic purpose. To do this, 

the authors used naturally elicited LS, FDS, and NDS (e.g., LS was elicited in a native-native 

conversation with added noise) and calculated the number of words produced by speakers to 

complete the task as an index of communicative difficulty. Hazan et al. (2015) reported that 

the speakers experienced greater communicative difficulty in the FDS compared to the LS 

condition (see Knoll et al., 2011a for similar results). Nevertheless, naïve raters who listened 

to those conversations in the absence of noise considered FDS to be clearer than NDS but 

less clear than LS. Hazan et al. (2015) offered the interesting explanation that register 

features that make speech clearer do not merely depend on the level of communicative 

difficulty. Such results support our discussion in Section 1.6.2 (comparing FDS and Lombard 

speech) by demonstrating that difficult listening conditions per se and the need for clarity are 

not sufficient for eliciting FDS.  

Understudied aspects of FDS perception. In Hazan et al. (2015), native listeners and 

non-native listeners with low and mid-level proficiency rated FDS to be clearer than LS. 

Crucially, all three groups considered FDS to be clearer than NDS (as in Kangatharan et al., 

2015), suggesting that FDS is perceived differently (and perceived to be clearer) at all levels 

of language proficiency. However, the lack of difference among the three listener groups, 

most importantly between the native and non-native listeners, does not offer support to the 

hypothesis that FDS has a didactic impact. In fact, research has not yet addressed whether 

FDS enhances language acquisition for L2 learners or whether, on the contrary, the sole way 

to improve L2 perception and production is exposure to native and peer to peer register 

(Margić, 2017). That is, no perceptual studies to date have explored the effects of FDS 
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perception on L2 learning directly. As suggested above, research must address the effects of 

FDS exposure on non-native listeners’ speech processing in order to understand its actual 

role in the process of L2 acquisition. If there is evidence that this register performs a didactic 

impact, non-native listeners would be expected to gain greater benefits from listening to FDS 

than native listeners, and to learn more when exposed to FDS compared to NDS. Note that 

perceptual ratings may also fail to highlight such differences because of intrinsic limits to 

subjective evaluations. One possibility is to expand research on FDS perception with 

neuroimaging techniques that provide more objective measurements of the phenomenon and 

to use them in combination with behavioural methods. We discuss this possibility in the next 

section. 

1.8. Future directions and conclusion 

1.8.1. Open questions 

This chapter reviewed the evidence for the FDS function of increasing speech 

intelligibility and facilitating L2 learning, by considering the main acoustic features and the 

factors influencing them. Low speech rate and vowel hyperarticulation were identified as the 

main features of FDS. We also examined research on additional acoustic features in FDS, 

such as wide pitch range and high intensity, which are still debated in the literature. Evidence 

revealed that FDS is a register based on listeners’ identities, communicative needs and goals, 

and situational factors, such as the instructions provided for performing an experimental task. 

This suggests that FDS has a didactic purpose. Our discussion was grounded in the leading 

theoretical frameworks that account for the acoustic properties of FDS and supported by 

comparing FDS to two other clear speech registers, IDS and LS. We also reviewed empirical 

literature that has assessed the perception of FDS by native and non-native listeners, which 

yielded the following main findings. First, FDS is positively perceived only by non-native 

listeners, who also rate it to be clearer than NDS. Although native listeners rated FDS 

negatively, they still consider it to be clearer than NDS. This consensus further backs up the 
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status of FDS as a clear speech register that is easily differentiated from NDS (Hazan et al., 

2015; Uther et al., 2007). Second, FDS reduces vowel ambiguity in speech, which may 

provide listeners with useful information on how to perceive foreign sounds and (perhaps) 

produce them. Finally, clarity ratings of LS – a clear register meant to overcome 

communication noise – highlight that non-native listeners give LS lower clarity scores than 

native listeners. Taken together, this evidence from clarity ratings suggests FDS has a 

didactic impact in contrast to LS and NDS. However, further work is required to produce 

conclusive evidence for these possibilities and to understand whether non-native listeners 

benefit from FDS in the process of L2 acquisition. In this section, we discuss the open 

questions that we consider to be the most relevant directions for future research. 

The first open question regards the typical acoustic characteristics of FDS (see 

Section 1.2), and whether these features are universally present in this register. For instance, 

it is not clear if speech rate is a feature of FDS present across languages, given that some 

research has shown mixed results for French and English (Smith, 2007; Kühnert & Antolík, 

2017). Other features such as wide pitch range have simply not been adequately investigated 

in languages other than English to assess their universality. Further investigation is also 

needed on speaker status to determine whether speaker’s identity (see Section 1.5) plays a 

role in eliciting FDS; it remains unclear whether all speakers produce FDS features to a 

comparable extent. Such factors could, for instance, include gender, based on evidence from 

one study (Lorge & Katsos, 2019) showing that women tend to hyperarticulate speech more 

than men. Another and highly interesting factor to investigate is speakers’ bilingual status. It 

is plausible that bilinguals are better than monolinguals at adapting their speech to L2 listeners 

and at responding to audience needs and feedback (Lorge & Katsos, 2019). Moreover, it is 

probable that bilinguals who are also L2 teachers are particularly good at adapting their 

speech to their students’ L1. Therefore, future experiments should investigate FDS production 

in bilinguals, expanding research in this field to languages other than English, and employing 

research designs that control for additional factors such as interlocutors’ identities, listener’s 
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feedback, and adopt ecologically valid interactions for elicitation of FDS.  

Another outstanding question relates to the independence of the acoustic features of 

FDS. That is, one important venue for future research is to explore whether all the acoustic 

features of this register systematically co-occur, or whether they manifest independently from 

each other, serving different purposes for the speaker and the addressee. This is an important 

theoretical point for a better understanding of all clear registers, namely FDS. A parallel with 

other audience-oriented styles may point to an answer to this question (see Section 1.6). For 

instance, if we turn to developmental changes in IDS, we notice that several properties of IDS 

undergo drastic reshaping as the baby grows. In fact, pitch and speech rate in IDS seem to 

be adjusted to the infant’s increasing age and linguistic ability, and become more adultlike in 

the second and third years of the child’s life (Narayan & McDermott, 2016). Importantly, unlike 

other features, vowel hyperarticulation in IDS does not vary with infants’ age, possibly 

reflecting the infants’ continuing need to acquire language (Kalashnikova & Burnham, 2018; 

Liu et al., 2009). This suggests that all the typical features of IDS do not need to co-occur and 

manifest to similar extents. This may also be the case for FDS. If future studies confirm the 

same pattern of vowel hyperarticulation and speech rate adjustments in FDS based on the 

characteristics of the listener (i.e., L2 proficiency and accentedness), this will reinforce the 

link between IDS and FDS and their didactic purposes.  

Relatedly, the possibility that FDS may be characterised by a continuum of speech 

adjustments and accommodation requires attention in future research. Is FDS an on/off 

register, or does it occur on a continuum that goes from no adaptation (when the foreigner 

has a high level of phonological and linguistic competence) to the maximum grade of speech 

modifications with naïve L2 listeners? The results reported in Section 1.3 suggest that the 

latter may be the case, and that speech rate and vowel hyperarticulation might be modulated 

as a function of listeners’ L2 proficiency. This aspect could be clarified via longitudinal studies 

on L2 acquisition and exposure to FDS, from naïve learners to proficient speakers. 

Alternatively, this could be achieved via a study that makes native speakers address non-
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native listeners with various levels of proficiency. 

1.8.2. Research gaps addressed in this thesis 

In addition to the topics described in the previous section, there are further open 

questions that are relevant to uncover the phenomena related to FDS. Here, we introduce 

these questions, which will be the main anchor points for the different studies of this thesis.  

FDS features may be subject to other contextual variables, apart from those described 

above, such as the nature of the interaction, speaker familiarity, and communicative context. 

We hypothesise that contextual factors, such as listeners’ feedback and communicative goals, 

are similarly relevant for determining the acoustic modifications in FDS, as described in 

Section 1.5. Evidence that communicative goals shape FDS, and that feedback due to 

miscomprehension induces further exaggeration of FDS features is essential for 

strengthening the claim that FDS serves a didactic purpose. In addition, that would help 

confirm that FDS is the outcome of the speakers’ unconscious goal to teach phonological 

contrasts to a non-native audience (Uther et al., 2007). This will be the scope of Chapter 2. 

We will explore the acoustic features of Spanish FDS and investigate whether FDS production 

adapts to communicative goals, such as the intention of teaching certain language skills (e.g., 

writing and pronouncing L2 words).  

Another open question relates to the impact of FDS on non-native listeners. The 

similarities between FDS and IDS, in their acoustic features, suggest a didactic impact for 

FDS too. However, it is unknown so far whether non-native listeners who are exposed to FDS 

benefit in terms of language learning (i.e., phonemes perception and pronunciation), as is 

proposed for IDS. Also, does this assumed benefit expand to both L2 perception and 

production learning? In Chapter 3 we will address these questions, by assessing whether 

non-native listeners’ L2 learning is promoted by the exposure to FDS in both perception and 

production of L2 novel words. 
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One last remaining question is whether FDS promotes perception of continuous 

speech. Combined behavioural and electrophysiological designs offer an avenue for 

answering many open questions on FDS, like this one. The use of EEG provides insight into 

the cognitive processes involved in listening to and interpreting hyperarticulated vowels and 

the effects of low speech rate on the brain activity of L1 and L2 speakers and listeners. As a 

complementary measure, a comprehension questionnaire of FDS by both native and non-

native listeners will provide information on intelligibility, which is useful for interpreting the 

electrophysiological data. Thus, in Chapter 4 we investigated whether FDS promotes non-

native listeners’ L2 perception and comprehension by means of an EEG study. 

1.8.3. Conclusion 

To summarise, FDS likely boosts non-native listeners’ speech perception and 

comprehension. This is probably due to speakers’ accommodating listeners’ linguistic needs 

and results in adjustments such as vowel hyperarticulation and low speech rate. 

Nevertheless, further evidence that speakers adapt FDS to factors such as listener 

proficiency, listener feedback, and the specific aims of communication, is required to confirm 

theories that propose that FDS supports speech accommodation. Crucially, a deeper 

understanding of the factors that influence FDS production and perception is relevant for 

models of second language acquisition and can inform theoretical and practical approaches 

to second language instruction. If FDS serves a didactic purpose, it is imperative to assess 

how it benefits non-native listeners’ perception and/or production of L2 phonological contrasts, 

and more generally, helps them learn their L2. Establishing that naïve L2 listeners appreciate 

and learn better when exposed to FDS would suggest that FDS is an important tool for second 

language teaching and for understanding all listener-oriented registers.  

 

Supplementary material 
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A supplementary table summarising designs and findings of the published studies that 

have assessed vowel hyperarticulation, speech rate, or pitch correlates of FDS can be 

consulted in Appendix 1.1. 
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Chapter 2 - Speakers’ Communicative Intentions Lead to Acoustic 

Adjustments in Native and Foreigner Directed Speech. 

 

2.1. Introduction  

2.1.1. Factors influencing acoustic features of speech 

Speech is characterised by various acoustic features, such as speech rate, pitch 

height, and intensity. Various factors influence speech production and these acoustic 

features. These factors include, but are not limited to, the listener’s linguistic profile, task 

instructions, and listener’s feedback (Buz et al., 2016; Piazza, Martin, et al., 2022; Uther et 

al., 2007). As we discussed in the previous chapter, a long line of research has shown that 

speakers accommodate acoustic features to their listeners’ profile (i.e., being a native, a non-

native listener, or an infant). For instance, adult speakers tend to produce speech with 

hyperarticulated vowels, slow speech rate and exaggerated pitch when addressing infants 

(known as infant-directed speech: Kalashnikova & Burnham, 2018; Knoll et al., 2006; Kuhl, 

1997; Trainor & Desjardins, 2002; Uther et al., 2007). Speakers also adapt the acoustic 

features of their production when addressing computer avatars (Burnham et al., 2010) and 

even pets (Xu et al., 2013). The type of listener-oriented speech adaptation that is the focus 

of this thesis is Foreigner Directed Speech (FDS), which occurs when native speakers 

address non-native listeners (Hazan et al., 2015; Kendi & Khattab, 2019; Uther et al., 2007). 

In the first chapter, we showed that FDS is a clear speech register that increases speech 

clarity, and that is assumed to serve a didactic purpose by assisting non-native listeners to 

better perceive, understand, and articulate their second language (L2) (Biersack et al., 2005; 

Bobb et al., 2019; Piazza, Martin, et al., 2022; Rothermich et al., 2019; Scarborough et al., 

2007; Uther et al., 2007). In recent literature, FDS has also been referred to as “L2 speech 

accommodation” (Cheng et al., 2021). As implied by this term, speech adjustments are 

proposed to be the result of the native speaker’s accommodation to meet their listener’s 
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linguistic needs and to improve communication effectiveness (Lindblom, 1990; Giles, 2016, 

Uther et al., 2007). FDS is usually described in comparison with Native Directed Speech 

(NDS), which is the register used among native speakers with no intention of enhancing 

speech clarity (Ferguson & Kewley-Port, 2002). Compared to NDS, the FDS accommodation 

is expected to result in more hyperarticulated vowels and reduced speech rate (Hazan et al., 

2015; Scarborough et al., 2007; Uther et al., 2007). Even though FDS has been interpreted 

as a case of accommodation to the communicative goal of teaching an L2, there is a lack of 

evidence on this didactic aspect of FDS. FDS has been investigated as a fixed factor, derived 

from the presence/absence of a non-native listener. But, to build more realistic models of 

speech communication, it is also important to understand whether speakers dynamically 

adjust FDS to specific skills being taught or communicative needs. 

Adjustments to the acoustic features of speech do not only occur in speech to 

language learners (e.g., FDS or infant-directed speech), but also in speech to native adult 

listeners, following listener feedback, and according to specific task instructions. Buz et al. 

(2016) and Warren-Leubecker & Bohannon (1982) reported that speakers adapt their speech 

to listener feedback regarding the success of the communication. Both studies found that 

acoustic adjustments, such as slower speech rate and consonant lengthening, were driven 

by feedback of failed communication. That is, feedback may induce speakers to dynamically 

regulate their speech to enhance intelligibility (Burnham et al., 2010; Maniwa et al., 2009; 

Stent et al., 2008). Moreover, certain speech adjustments only emerge if speakers perceive 

that communication helps listener’s performance (Kuhlen & Brennan, 2013; Lockridge & 

Brennan, 2002). That is, acoustic features are different in live than in imaginary interactions, 

when speakers act as if they were addressing real listeners (Scarborough et al., 2007). For 

example, Knoll et al. (2009) assessed the validity of simulated FDS in a study involving 

students and actors. For both groups, they found that the simulated interaction did not elicit 

vowel hyperarticulation, which is proposed as one of the core acoustic features of FDS (Hazan 

et al., 2015; Kendi & Khattab, 2019; Uther et al., 2007).  
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Another factor that influences speech production is the experimental task speakers 

are asked to perform (Knoll et al., 2009, 2011; Lam et al., 2012). Knoll et al. (2011) compared 

speech to imaginary and real addressees as speakers performed two tasks: one in which they 

had to spontaneously describe three toys (a shark, a sheep, and a shoe), and another in 

which they produced fixed sentences containing the names of the toys (e.g., ”Look at the 

shark”). These two tasks resulted in different levels of adjustments of acoustic features in 

speech to imaginary vs. real addressees. For example, in the imaginary addressee condition, 

speakers´ pitch height and vowel duration were more similar to natural interactions with real 

listeners in the standardised sentences task than in the free speech task. 

The results described above demonstrate that speech is dynamically adapted to 

various factors and specific needs of the listeners. In line with this, speakers may adjust 

certain acoustic features in relation to specific communicative goals (e.g., teaching how to 

pronounce or spell a word). One such communicative goal, which is the focus of this study, is 

the intention of delivering didactic information through speech, specifically teaching how to 

pronounce or spell a word. Piazza et al. (2022) hypothesised that communicative goals 

together with situational/contextual factors (i.e., task instructions, adaptation to feedback) 

influence the acoustic features of FDS, which are used as cues to meet the listeners’ needs 

and promote successful communication (Knoll et al., 2011). It is possible that speakers adjust 

their speech differently when they are teaching a word, and according to whether they are 

teaching the listener to pronounce or spell that word, independent of the listener´s linguistic 

profile. However, to the best of our knowledge, no research to date has directly investigated 

this aspect of speech production. For this purpose, we examined whether speech adjustments 

vary according to specific communicative goals, and whether such adjustments are further 

modulated by the listener´s linguistic profile (FDS vs. NDS).  
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2.1.2. Target acoustic features of speech 

This study focuses specifically on the acoustic features that have been most reliably 

identified in clear speech registers, namely vowel hyperarticulation, lengthening, and intensity 

increase, as well as speech rate reduction and pitch height raising. Previous studies 

examining whether and how these features vary in FDS compared with NDS are briefly 

reviewed below.  

Vowel hyperarticulation refers to the acoustic expansion of the vowel space by 

producing the three corner vowels /a/, /i/, /u/ with greater distance than standard vowels 

(vowels produced without intention to enhance clarity). Vowel hyperarticulation is usually 

measured on the averages of the first (F1) and second (F2) formant values of the three corner 

vowels (/a/, /i/, and /u/), which are projected onto a two-dimensional cartesian plane to form 

the corners of the vocalic triangle (Kuhl, 1997; Uther et al., 2007). FDS has more 

hyperarticulated vowels than NDS (Hazan et al., 2015; Lorge & Katsos, 2019; Scarborough 

et al., 2007; Uther et al., 2007). This FDS feature has been proposed to have a didactic 

function, being a promoter of language learning that enhances detection of vocalic contrasts 

(Ferguson & Kewley-Port, 2002; Kuhl, 1997; Smiljanić & Bradlow, 2005, 2009) and possibly 

improves both perception and production of L2 phonemes (Piazza et al., 2022). 

Another acoustic feature characteristic of FDS is speech rate reduction. FDS tends to 

have a lower rate of words per minute compared to NDS due to the elongation of vowels and 

pauses (Biersack et al., 2005; Bobb et al., 2019; Rodriguez-Cuadrado et al., 2018; 

Scarborough et al., 2007). This feature is proposed to enhance processing and 

comprehension of speech in non-native listeners who might benefit from having more time to 

parse and analyse linguistic information (Biersack et al., 2005). Although vowel lengthening 

is associated with speech rate reduction, these two acoustic features may be dissociable; 

therefore, we decided to measure both speech rate reduction and vowel lengthening.  
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Vowel intensity increase is an acoustic cue of emphasis that has been reported in 

FDS, although evidence is limited as only a few studies have investigated this feature (Kendi 

& Khattab, 2019; Rodriguez-Cuadrado et al., 2018). It has also been found to vary in Lombard 

speech, which is the speech register used to contrast background noise (Garnier et al., 2016, 

2018). Increased intensity could be interpreted as a generic resource for enhancing speech 

clarity (without providing specific phonetic cues), as indicated by higher clarity ratings of loud 

speech (Cooke & Lecumberri, 2012; Tjaden et al., 2014).  

Pitch is the perceptual result of the vibration rate of the vocal cords (Ladefoged, 2006), 

and its exaggeration (pitch raising and expansion of pitch range) is often interpreted as a 

strategy to attract attention, signal affection, or enhance salience, without directly serving a 

linguistic function (Kalashnikova et al., 2017; Ohala, 1984; Trainor & Desjardins, 2002). 

Exaggerated pitch height has been found in Arabic FDS (Kendi & Khattab, 2019) but not in 

English FDS (Hazan et al., 2015; Knoll et al., 2009, 2011; Lorge & Katsos, 2019; Uther et al., 

2007; see Piazza et al., 2022 for a discussion). Despite the lack of consensus on this feature 

modulation in FDS, pitch height is modulated by the presence of other listeners (infants, Uther 

et al., 2007; pets, Xu et al., 2013).  

Importantly, we assume that vowel hyperarticulation provides phonetic cues to 

enhance phonemic specificity and provide linguistic information (in line with Uther et al., 

2007). In contrast, we assume that acoustic features such as speech rate reduction, vowel 

lengthening, intensity increase, and pitch height raising have salience enhancement 

functions, by providing acoustic cues only (in line with Kalashnikova & Burnham, 2018; Trainor 

& Desjardins, 2002). This suggests these features (and their functions) may be employed in 

different ways depending on the listener’s profile and the speaker’s communicative goal. 

2.1.3. Communicative goals 

In addition to the effects of speakers’ accommodations to their listeners’ linguistic 

profile on acoustic features, there is some evidence that such features may also vary 
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according to other communicative factors both in speech to language learners (e.g., FDS, 

infant-directed speech) and native adult listeners. The present study considers three 

communicative goals, which are relevant when teaching novel words irrespective of the 

learner’s language profile (i.e., in NDS as well as FDS). The three goals consist of speaking 

for enhancing the listener’s (1) comprehension, (2) pronunciation, and (3) writing (spelling). 

As reviewed below, research shows that these goals place increasing processing demands 

on the listener; thus, we predicted the three goals may elicit different levels of speech 

adaptation by speakers (Gershkoff-Stowe & Hahn, 2013; Hendriks & Koster, 2010; Klimova, 

2014). Previous research indicates that comprehension precedes production of linguistic 

knowledge: most of the time, learners understand linguistic elements before they can produce 

them (Childers & Tomasello, 2002; Flege, 1995; Gershkoff-Stowe & Hahn, 2013; Hendriks & 

Koster, 2010). For instance, Gershkoff-Stowe & Hahn (2013) investigated comprehension 

and production of novel words by comparing participants’ performance in a recognition task 

(comprehension) and an oral production task. They observed a comprehension–production 

asymmetry during novel word learning with an (initial) advantage for comprehension. 

Moreover, within the two modalities for production, oral production (pronunciation) is easier 

than written production (spelling). Writing in an L2 is a skill that requires deeper linguistic 

competence and involves higher cognitive load compared with comprehension or speaking 

(Bourdin & Fayol, 1994, 2002; Chan et al., 2015; Grabowski, 2005; Klimova, 2014). For 

example, Bourdin & Fayol (1994; 2002), asked children (  7̴ years old) to recall series of words, 

either orally or in writing, and found an advantage for the oral modality. Similarly, in a 

longitudinal case study, Chan et al. (2015) compared the changes in complexity of oral and 

written sentence production by two non-native speakers during L2 acquisition. Sentence 

complexity was higher for the oral modality than the written modality in initial learning stages. 

A possible explanation of these findings regarding production is that both the correct 

pronunciation and spelling of recently learnt words require handling a high level of phonemic 

specificity.  
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2.2. The present study 

The present study aims to identify the acoustic adjustments that speakers make when 

they interact with listeners who have different linguistic profiles, and to investigate whether 

and how these adjustments vary as a function of the communicative goal of the interaction. 

To achieve this, speakers (Spanish L1) addressed a native listener (Spanish L1) and a non-

native listener (American English L1) in Spanish. The experiment was conducted online, and 

both native and non-native listeners who interacted with the speakers were simulated. This 

was achieved using a series of audio recordings to simulate the listener’s presence 

throughout the task. This resulted in an experimental task with a realistic human interaction 

where speakers were also provided with feedback, which made them perceive their speech 

adaptation to be relevant for successful communication. Speakers were informed that their 

goal was to use novel Spanish words in three types of interactions with the listeners. Each 

interaction type aimed at achieving a different communicative goal: 1) helping the listener 

recognise the recently learnt novel words (Comprehension condition), 2) helping the listener 

correctly pronounce those novel words (Pronunciation condition), 3) helping the listener 

correctly write those novel words (Writing condition). The five acoustic measures described 

above (speech rate, vowel hyperarticulation, vowel intensity, length, and pitch height) were 

assessed for each register and communicative goal.  

The present study aimed to answer the following questions: 

1) Are communicative goals reflected in the acoustic features of speech? If so, 

what are the acoustic adjustments observed in Spanish word production? 

2) Do modulations of acoustic features for communicative goals depend on the 

listener’s linguistic profile? 

We developed specific hypotheses regarding acoustic feature adaptations and their 

modulation in NDS and FDS, and according to the communicative goals. First, we 

hypothesise that speakers will produce phonetic cues through greater vowel hyperarticulation 
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in the Writing condition, followed by Pronunciation, followed by the Comprehension condition 

(Writing > Pronunciation > Comprehension). This is because when speaking to enhance 

comprehension only, the listener can access the lexical form based on partial phonetic cues. 

In contrast, teaching speech production requires a higher level of phonemic specificity. In the 

case of oral production, access to the full phonemic structure of the word and articulatory 

information is required (Bock & Griffin, 2000). Also, Pronunciation articulation should not be 

exaggerated to avoid inaccurate pronunciation (non-native like). Articulatory information is 

also required for written production, but it involves the additional load for mapping individual 

phonemes to their corresponding graphemes (Bourdin & Fayol, 1994, 2002).  

Second, we hypothesise that the remaining acoustic features (vowel lengthening, 

intensity increase, pitch height raising, and speech rate reduction) have salience and clarity 

enhancement functions rather than providing phonetic cues for production (or for phoneme 

mapping). Hence, speakers are expected to modulate acoustic cues to enhance clarity and 

salience in both the Pronunciation and Writing conditions as compared to the Comprehension 

condition due to the greater demands of Pronunciation and Writing compared to 

Comprehension (Writing = Pronunciation > Comprehension; Childers & Tomasello, 2002; 

Gershkoff-Stowe & Hahn, 2013). 

Regarding the Speech register factor, we hypothesise that we will observe more 

hyperarticulated vowels, greater intensity increase, pitch raising, and speech rate reduction 

in FDS compared to NDS. Predictions FOR vowel hyperarticulation are in line with evidence 

from other languages, such as English, French and Arabic (Hazan et al., 2015; Kendi & 

Khattab, 2019; Kühnert & Kocjančič Antolík, 2017; Uther et al., 2007), which suggests that 

phonetic cues are provided via such features to non-native listeners for supporting L2 

learning. In addition, non-native listeners would benefit from increased clarity, and for this 

reason, we also expect greater speech rate reduction and vowel lengthening, higher intensity, 

and pitch in FDS compared to NDS.  
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We expect a Communicative Goal effect to be present in both speech registers. Our 

experimental paradigm employs novel words, which were 'recently learned’ by both native 

and non-native listeners. Thus, speech accommodations would benefit both the non-native 

and native listeners, supporting their recognition, pronunciation and/or writing of novel words. 

However, we also expect a Communicative Goal by Speech Register interaction: speakers 

may put more effort into enhancing phonetic cues when addressing a non-native listener 

compared to a native listener. Greater differences between communicative conditions are 

expected in FDS than NDS as a reflection of speakers’ sensitivity to the non-native listeners’ 

lower linguistic competence compared to native listeners. We predict that this sensitivity may 

manifest as greater vowel hyperarticulation adjustments in FDS than NDS in the 

Pronunciation and Writing conditions but not the Comprehension condition. In 

Comprehension, the speaker´s focus is directed to enhance the overall perception of novel 

words, implying that FDS and NDS may be similar in this condition. 

2.3. Method 

2.3.1 Speakers 

The final sample size for analysis included 24 participants (Female = 21, Mage = 25.33 

years, SD = 4.33). Additional 10 speakers were excluded for: technical reasons (n = 1), 

excessive noise in their recordings (n = 4), failure to complete both sessions (n = 2) and 

declaring that they did not believe they were addressing real listeners or for reporting that the 

interaction with the listeners was highly unnatural (n = 3). All speakers reported knowledge of 

at least one L2, but with low level of proficiency (12 English, 9 Basque, 1 German, 1 

Portuguese, 1 Catalan; see Supplementary Material for detailed demographic information). 

All participants signed an informed consent form before starting the experimental procedure, 

and the study was approved by the Basque Center on Cognition, Brain and Language (BCBL) 

Ethics Committee. Speakers were paid 40 euros for taking part in the study. 
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2.3.2 Materials 

Novel words and objects. Target words were 36 disyllabic and trisyllabic novel Spanish 

words, which were designed to contain one of the 3 target sounds each: a stressed vowel /a/, 

/i/, or /u/ in the initial syllable (e.g., anfes, [‘anfes]). Those vowels were chosen in line with 

previous research on FDS (e.g., Uther et al., 2007). The target vowels were included to extract 

intensity, pitch height, formant values (F1 and F2), and duration, and each vowel appeared in 

12 novel words. To create some variability in the stimuli, different spelling patterns were used, 

but always ensuring that the target vowel would appear in the stressed position in each word. 

As a result, the vowels could carry a graphic or a non-graphic accent (i.e., áfaro, [‘afaro] and 

and isbos, [‘isbos]), or be preceded by an H (i.e., hasme, [‘asme]), which is not articulated in 

Spanish (see Appendix 2.2 for the complete list of the target words). Eighty-four additional 

novel words with a different structure were added to the 36 items of interest to be used as 

fillers in the task. Twenty-four of these were trisyllabic novel words beginning with a non-

stressed vowel (e.g., imoste, [i’mɔste]), 48 were disyllabic or trisyllabic novel words beginning 

with a consonant (e.g., jeñofo, [xe’ɲɔfo), and 12 were disyllabic words ending on -d (e.g., 

rosed, [‘roseθ]). In total, a set of 120 novel words were created for use in the interactions and 

were presented superimposed on the object images (Figure 4). Two Spanish native speakers, 

naïve to the present study, checked and confirmed that all novel words were not real Spanish 

words and followed Spanish phonotactics, making them sound like real words.  

A set of 120 novel objects was selected to match the 36 target novel words and 84 

filler novel words. The images were taken from five novel object databases (Anderson et al., 

2018; Antón et al., 2015, 2020; Barry et al., 2014; Horst & Hout, 2016) and from a pool of 

pictures freely available online (see Supplementary material for a list of experimental stimuli). 

The images represented unknown objects and unfamiliar tools to simulate listeners’ word 

learning.  

To create the object-word pairings while avoiding any effects derived from specific 

relations between words and objects in our stimuli, we created 3 lists of pseudo-random 
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associations, and the presentation of these word-object lists was counterbalanced across 

speakers. Pseudo-randomisation was used to prevent repetition of the same word-object pair 

across lists, and to prevent the same target vowel appearing more than twice in a row.  

Each word–object pairing was presented twice per condition (36 x 2 repetitions x 4 

conditions); thus, the total number of target vowel-initial words was 576 (288 x 2 sessions) 

per speaker. The same novel objects and words were used for all 4 conditions (Alone, 

Comprehension, Pronunciation, Writing). All words were displayed in black font size 1.3vw of 

the screen, default CSS font style, and presented on a white background. The material was 

strictly identical across conditions and experimental sessions. 

  

 

Figure 4. Trial examples, with vertical (left) and horizontal (right) alignment. The target word is 

“ANFES” in the left image and “ÁFARO” in the right image. 

 

 

Listener simulation. Throughout the experiment, speakers were led to believe that they 

were engaged in a live interaction with an interlocutor who could hear them and who was 

relying on their speech to successfully complete various tasks involving the novel objects and 

novel words. We decided to simulate the presence of a listener instead of involving live 

confederates (Uther et al., 2007) to standardise the fictitious listener’s behaviour and 

feedback to ensure this was not a confounding factor between speakers (G. Piazza, Martin, 

et al., 2022). Although previous studies have asked speakers to imagine a listener (Knoll et 

al., 2009; Scarborough et al., 2007),  more recent studies indicate the importance of ‘live’ 

listeners to trigger speech adaptations to their linguistic needs (Buz et al., 2016; Kuhlen & 
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Brennan, 2013; Piazza et al., 2022). The online experimental design facilitated the simulation 

of a realistic interaction via computers (as in Buz et al., 2016), which would be difficult in a 

traditional lab environment.  

To simulate the presence of live listeners and to elicit both target speech registers 

(FDS and NDS), we audio-recorded a non-native and a native speaker of Spanish and 

included the audios in the experimental task. The non-native speaker was a native male 

speaker of American English who introduced himself in Spanish for about 1 minute. He spoke 

naturally, so his speech was accented, and there were some grammatical mistakes, which 

corresponded to this person’s level of Spanish proficiency. When comparing speech directed 

to native and non-native listeners, native speakers are usually referred to as highly proficient 

speakers, monolingual or dominant in their preferred language. The definition of non-native 

listeners is not as rigorous or well reported: this group typically includes low to mid proficient 

L2 learners (Cheng et al., 2021; G. Piazza, Martin, et al., 2022; Uther et al., 2007). For this 

reason, five native Spanish speakers rated accentedness and proficiency of the American 

interlocutor on a 5-point scale (1 = low proficient/strong foreign accent, 5 = almost native-like 

proficiency/almost native accent). All raters considered the non-native interlocutor to have 

intermediate proficiency (mean = 3) and a moderate foreign accent (mean = 2.4). The native 

interlocutor was a native male speaker of Spanish, and he introduced himself in Spanish for 

about 1 minute. Both speakers covered similar topics in their introductions (speaking about 

their age, profession, place of living, etc.). To further create an illusion of a live interaction, 

each simulated interlocutor was recorded answering potential questions from the 

experimenter, which could arise during the task, such as: “Are you ready?” or “Can you hear 

me?”. They also produced different utterances stating that they were ready to begin, they 

were tired and asked for extra time to rest, and they could hear well. These utterances were 

used during the experiment breaks, before resuming each experimental condition. 



71 
 

2.3.3 Procedure 

 The experiment was administered online via PennController for Ibex (Zehr & Schwarz, 

2018), which is a JavaScript-based platform. During the session, speakers remained 

connected with the experimenter via Zoom™, but video streaming was disabled throughout 

the experiment. This allowed us to verify that speakers’ microphone worked properly and that 

they stayed focused on the task. We asked participants to wear a head-mounted microphone 

if available, but any type of microphone with acceptable quality was allowed. Before the start 

of the experiment, speakers recorded and played back their own voice to self-check audio 

quality.  

Speakers completed two sessions (conducted 7-12 days apart), each consisting of a 

short practice, and four experimental conditions (the Alone condition, and the 

Comprehension, Pronunciation, and Writing critical conditions) (see Figure 5 for a 

representation of the experimental procedure).  

General task procedure. In each experimental session, speakers were instructed to 

first name novel objects without a listener (Alone condition), and then to help their listener 

achieve a specific goal involving these words and objects (comprehension, pronunciation, or 

spelling) in the following parts. On each trial of all 4 conditions, participants saw two novel 

objects on the screen and were asked to name each object within sentence frames and then 

press Enter to send their response. Speakers were asked to embed novel word into sentences 

instead of reading the individual words superimposed on the object images. This was done to 

a) measure sentence speech rate and b) reduce the effect of clear speech derived from 

reading (Blaauw, 1992; Hazan & Baker, 2011; Laan, 1992). To control for the sentential and 

lexical contexts in which the target labels appeared, speakers were asked to always name 

the object on the top or left side of the screen first, and to only use masculine grammatical 

gender for all labels (the determinate article ‘el’ or the contracted form of ‘de el’, ‘del’). For 

example, if presented with the trial in Figure 4, the speaker was instructed to say “El ANFES 

está encima del INMASO” (the ANFES is above the INMASO) or “El ÁFARO está a la 
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izquierda del JEÑOFO” (the ÁFARO is on the left of the JEÑOFO). To simulate the 

cooperative task between interlocutors, on half of the trials, the objects were aligned vertically 

and on the other half, horizontally (counterbalanced across trials). The target novel words 

always appeared on the top or left positions, but the speakers were not aware of this 

assignment, so the target label was named first on each trial. 

 

   

Figure 5. Graphical representation of the experimental procedure. Last column “(Simulated) 

Listener’s task” represents what the speakers were told the listener’s task was. Speakers could not see 
the listener’s screen. 

 

 

Practice. At the start of each experimental session, speakers were first familiarised 

with the visual arrays of the trials and their task of naming the novel objects. After reading the 

instructions, speakers completed 3 practice trials that were not included in the final analyses. 

Alone condition. After practice trials, speakers were instructed to name the objects 

within the fixed sentence structures, without addressing a listener (and no communicative 
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goals). Participants were informed that these were practice trials for the teaching task they 

would perform next. 

Introduction of the interlocutor. Next, speakers were informed that their interlocutor 

would join the session. They were told that this person had previously learned the words seen 

in the Alone condition, and that their task was to further assist the listener to learn the novel 

words of Spanish throughout three tasks explained next. To simulate a conference call, 

speakers clicked a button to begin the call and waited for the connection to be established. 

Then, the experimenter asked the listener to shortly introduce himself. After that, the speaker 

was asked to introduce him or herself as well. Thus, speakers had the opportunity to detect 

the listener’s linguistic profile (native vs. non-native speaker), and it was established that the 

two interlocutors could hear each other.  

Comprehension, Writing, and Pronunciation conditions. Next, the three experimental 

conditions began following almost identical procedures. Speakers were asked to name the 

objects to (1) help the listener correctly match the words to the objects’ images 

(Comprehension condition, 72 critical trials), (2) help the listener pronounce the target words 

correctly (Pronunciation condition, 72 critical trials), and (3) help the listener type the novel 

words correctly (Writing condition, 72 critical trials). Instruction of each condition was provided 

separately, after each break, and the order of each condition was counterbalanced across 

participants. Speakers believed that (a) the listener saw the two objects in the correct 

positions on the screen, but could not see their labels in the Writing and Pronunciation 

conditions, and (b) the listener saw the two objects disarranged on the screen and could not 

see their labels in the Comprehension condition (and thus their task was to arrange them into 

the correct position).  

Simulated Feedback. In all conditions, after the speaker pressed Enter to send their 

response, the microphone continued recording for 500ms to avoid early button presses to trim 

off responses. In order to make the interactions with the listeners as realistic as possible, on 

every trial of all conditions but Alone, speakers saw a green checkmark or a red cross for 
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1500ms, indicating that the listener’s response was correct or incorrect. To simulate individual 

variability in the listeners’ response time (as in Buz et al., 2016), the time between pressing 

Enter and the feedback was adjusted to each condition: in Writing this interval time was a 

random value between 6500ms-10000ms; in Pronunciation between 4500ms-8000ms; in 

Comprehension between 3000ms-5000ms. These response intervals were created due to 

Kuhlen and Brennan’s review (2013), which showed that realistic interlocutor’s response 

timing is fundamental for eliciting speaker speech adaptation and maintaining successful 

communication. To keep the speakers engaged throughout the entire experiment, on 70% of 

trials the response was rated as correct and 30% as incorrect. We kept this rate constant 

across conditions to maintain comparability. Moreover, negative feedback (“X”) was provided 

if the participant pressed Enter within 2500ms from the beginning of the trial, as no correct 

response could be elicited by an utterance that was not correctly or entirely pronounced (  1̴% 

of the trials).  

The two sessions (addressing a native or non-native listener) followed the exact same 

procedure and the order of NDS and FDS (session 1 or 2) was counterbalanced across 

participants. At the end of the second session, speakers were asked to leave a comment 

about the experiment (if any) and to indicate on a Likert scale (1-5) how natural they found 

the interaction with each of the two listeners. We did not directly ask questions about the 

interaction with the listeners to avoid getting spurious answers (Buz et al., 2016). As noted 

above, speakers were discarded from the analyses (n = 3) if they spontaneously reported that 

they did not believe that the interaction involved real listeners or provided a rating of 1 to the 

question on how natural the interaction was. These criteria were adopted to ensure that the 

acoustic features were naturally elicited and to reduce the risk of over/underarticulated or 

otherwise ungenuine speech (Scarborough et al., 2007).  
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2.3.4 Statistical analyses  

Offline spectral analyses were conducted. All target sounds were marked in TextGrid 

files and extracted by custom scripts with PRAAT software (Boersma & Weenink, 2001). We 

measured intensity, pitch height and formant values at the mid-point of each /a/, /i/, /u/ vowel. 

Duration was calculated for target vowels. Formant values were used to calculate vowel 

triangle area, as a measure of vowel hyperarticulation, with the package PhonR in R (R Core 

Team, 2012). Moreover, another script in PRAAT calculated speech rate as the number of 

syllables in the trial sentences divided by sentence duration (de Jong & Wempe, 2009).  

All missed, mispronounced or noisy responses were discarded from the analysis. In 

addition, we removed all responses exceeding 2.5 standard deviations above or below the 

speaker´s individual mean for all variables. Before analysing vowel hyperarticulation, we also 

removed formant values that did not fall within the acceptable values for each vowel category 

for Spanish (Bradlow, 1995). Across the dependent variables, for Alone, Comprehension, 

Pronunciation, and Writing conditions, 8.82%, 7.19%, 5.79%, and 5.86% of trials were 

discarded, respectively, whereas based on the FDS and NDS condition distinction, 5.97% 

and 6.58% of the trials were discarded, respectively. The number of discarded trials did not 

differ significantly across conditions (all p values > .05). Values for each dependent variable 

in each experimental condition (i.e., Comprehension, Pronunciation, Writing) were divided by 

values of the Alone (control) condition, used as baseline to obtain scores normalised to each 

session and for each speaker. The resulting normalised scores were used as dependent 

variables in the statistical tests. The baseline was set to 1 and the scores for all variables refer 

to the normalised increase or decrease from the baseline for all analyses. 

Each dependent variable was separately added to a linear mixed-effects model in R using 

the lme4 package (Bates et al., 2015). Both Speech register (NDS, FDS) and Condition 

(Comprehension, Writing, Pronunciation) were within subject factors. We set a priori contrasts 

so that within Speech register, NDS was the referent level for FDS, whereas in the Condition 

factor, Comprehension was the referent level for Pronunciation and Writing. Regarding 
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Session (first or second session), we used sum contrasts, so that the first session was set to 

-1 and the second session to 1. Starting with the maximal structure, various models were 

created and their fit to the data tested with the package Performance (Lüdecke et al., 2021) 

and its function model_performance (model fit with Maximum Likelihood method). The models 

that converged and showed the best fit were chosen to test our hypotheses. All the models 

included (at least) Speech register and Condition as fixed effects and by-Speaker as a random 

effect. Where possible, by-Word and by-Condition random slopes were added. Session was 

introduced as a random effect to account for any differences between the first and the second 

session, unless differently specified. All final formulas employed for these analyses can be 

found in the Appendix 2.1. To determine significance of the models we used the type II Wald 

chi-square tests included in the CAR package (see Fox, 2015; Fox & Weisberg, 2019). For 

exploring interactions between main effects, we ran post-hoc analyses using the emmeans 

package with Tukey HSD correction for multiple comparisons. We used the Kenward-Roger 

degrees-of-freedom calculation method for the vowel hyperarticulation variable. For all the 

other variables the asymptotic method was employed instead, because the number of 

observations exceeded 3000. 

2.4. Results  

First, we explored whether the presence of a listener induced speech adaptation 

(changes in acoustic features) compared to speech aimed at no addressee. We used one-

sample t-tests to compare production of each of the five target acoustic features in the 

condition expected to show the least speech adaptation, NDS-Comprehension, with the 

baseline Alone condition (i.e., we assessed whether the values for these five features were 

significantly different to 1). This analysis showed that all NDS-Comprehension scores were 

significantly > 1, indicating that addressing a listener induced acoustic changes compared to 

the Alone condition. Table 1 provides a summary of the t-test results.  
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Variable t df p 

Vowel hyperarticulation 2.15 23 0.044 

Speech rate reduction 6.95 2598 < 0.001 

Vowel intensity increase 11.30 3110 < 0.001 

Vowel lengthening 9.50 3122 < 0.001 

Pitch height raising 24.63 3078 < 0.001 

 

Table 1. Results from one-sample t-test analyses comparing vowel intensity increase, pitch height 
raising, vowel hyperarticulation, vowel lengthening, and speech rate reduction in the NDS-
Comprehension condition to the baseline value of 1. 

 

Vowel hyperarticulation 

The final model included the main effect of Session as a fixed effect and by-subject 

random effect. By-word random effect was not included in the model because the vowel space 

measure was collapsed across words and calculated by speakers and conditions only. The 

main effect of Condition was also significant (χ2 = 18.94, p < .001). The effect of Session was 

significant (χ2 = 4.38, p = .036), revealing that vowels were more hyperarticulated in Session 

1 (+17.04%) than in Session 2 (+7.33%). Post-hoc analyses revealed that the difference 

between the normalised scores of Comprehension and Writing was significant, with vowels in 

Writing being pronounced with a wider acoustic space (t = -4.26, p = .001), +17.87% over the 

Alone condition compared to +6.63% in Comprehension (see Figure 6). The normalised 

scores of Pronunciation (+12.07%) did not differ from those of Comprehension (t = -2.06, p = 

.10), but there was a trend for Pronunciation to be less hyperarticulated than Writing (t = -

2.20, p = .076). In addition, the main model detected an effect of Speech register (χ2 = 5.96, 

p = .015), reflecting that, relative to the Alone condition, vowel hyperarticulation was present 

to a greater extent in FDS (+17.03%) than in NDS (+7.36%). No significant interaction was 

identified.  
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Figure 6. Vowel hyperarticulation by Speech register (NDS = Native Directed Speech; FDS = 
Foreigner Directed Speech) and Condition. Y axis reports normalised intensity values relative to the 
baseline value of 1 (alone). Bars represent SEM.  Asterisks indicate significant differences (*p <.05, 
**p < .01, ***p < .001).  

 

Speech rate reduction 

The final model for Speech rate included random variation in intercept among 

speakers within communicative goals and the fixed effect of Trial number. Relative to the 

alone condition, FDS had slower speech rate than NDS (χ2 = 195.11, p < .001); Speech rate 

was reduced by 6.34% compared to the Alone condition in FDS, but only by 3.27% in NDS. 

The effect of Trial number was significant (χ2 = 95.56, p < .001), indicating that speech rate 

was slower in the first trials and increased throughout the session. No effect of Condition (χ2 

= 0.82, p = .66) was observed but there was a Condition by Speech register interaction (χ2 = 

23.15, p < .001). Post-hoc comparisons confirmed that FDS had slower normalised speech 

rate than NDS (NDS-FDS Comprehension: z = 11.32, p < .001; NDS-FDS Pronunciation: z = 

8.16, p < .001; NDS-NND Writing: z = 4.64, p < .001), but there were no significant differences 
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between conditions within FDS and NDS. In both registers, there were no significant 

differences as a function of communicative goal: Comprehension - Writing (FDS: z = -0.08, p 

= 1; NDS: z = 0.96, p = .93), Comprehension - Pronunciation (FDS: z = 0.63, p = .99; NDS: z 

= 1.13, p = .87), Pronunciation - Writing (FDS: z = -0.72, p = .98; NDS: z = -0.17, p = 1; see 

Figure 7). 
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Figure 7. Speech rate reduction by Speech register (NDS = Native Directed Speech; FDS = 
Foreigner Directed Speech) and Condition. Y axis reports normalised intensity values relative to the 
baseline value of 1. Bars represent SEM. The bar and asterisks above the graph indicate significant 
main effect of Speech register (*p <.05, **p < .01, ***p < .001). 

 

Vowel intensity increase 

In the final model, the Condition factor yielded a significant effect for vowel intensity 

(χ2 = 10.07, p = .007), but Speech register did not (χ2 = 0.26, p = .613). There was a significant 

Condition by Speech register interaction (χ2 = 17.17, p < .001). Relative to the Alone condition, 
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vowels in FDS were louder in Comprehension (+1.67%) than Writing (1.39%, z = 3.03, p = 

.030) but not than Pronunciation (+1.64%, z =0.58,  p = .992), which in turn did not significantly 

differ from Writing (z = 2.46, p = .135). Conversely, in NDS vowels for Pronunciation (+1.67%) 

were louder than for Comprehension (+1.24%, z = -4.08, p < .001; see Figure 8), whereas 

Writing (+1.15%) did not differ significantly from Comprehension (z = -2.41, p = .154) and 

Pronunciation (z = 1.68, p = .543).  
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Figure 8. Vowel intensity increases by Speech register (NDS = Native Directed Speech; FDS = 
Foreigner Directed Speech) and Condition. Y axis reports normalised intensity values relative to the 
baseline value of 1 (Alone). Bars represent SEM.  Asterisks indicate significant differences (*p <.05, 
**p < .01, ***p < .001).  

 

Vowel lengthening 

The final model for vowel duration included Sex as a fixed effect as its main effect was 

significant (χ2 = 4.59, p = .030): female speakers exaggerated vowel length to a greater extent 

(+5.19%) than male speakers (+0.93%). The main effect of Speech register was not significant 

(χ2 = 2.71, p = .10), yet the main effect of Condition was significant (χ2 = 41.18, p < 0.001), 

and so was the interaction (χ2 = 12.54, p = .002). Post-hoc analyses showed that for FDS, in 
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Pronunciation (+12.14%) normalised scores were higher than in Comprehension (+10.06%, 

z = -3.44, p = .008) and in Writing (+9.00%, z = 4.41, p < .001), while normalised scores of 

Comprehension and Writing did not differ (z = 1.20, p = .84; see Figure 9). In NDS, both 

Writing (+7.08%, z = -4.05, p < .001) and Pronunciation (+7.98%, z = 5.47, p < .001) elicited 

longer vowels than Comprehension (+4.21% relative to the Alone condition), but the former 

two did not differ (z = 1.43, p = .710). The interaction was thus driven by distinct patterns of 

duration adjustments across communicative goals between the two registers (FDS: 

Pronunciation > Comprehension = Writing; NDS: Pronunciation = Writing > Comprehension).  
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Figure 9. Vowel lengthening by Speech register (NDS = Native Directed Speech; FDS = Foreigner 
Directed Speech) and  Condition. Y axis reports normalised lengthening values relative to the baseline 
value of 1 (Alone). Bars represent SEM.  Asterisks indicate significant differences (*p <.05, **p < .01, 
***p < .001).  

 

Pitch height raising 

The model revealed only a significant effect of Condition (χ2 = 32.26, p < .001), 

whereas there was no significant effect of Speech register (χ2 = 1.32, p = .252) or interaction 
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(χ2 = 3.96, p = .138). Post-hoc analyses on Condition revealed that, relative to the Alone 

condition, Comprehension (+6.66% normalised score) had lower pitch than Pronunciation 

(+7.53%, z = -3.55, p = .001) and Writing (+8.01%, z = -5.62, p < .001), but the normalised 

scores of the two former conditions did not differ (z = -2.10, p = .089). See Figure 10 for a 

graphical representation of the effect. 
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Figure 10. Pitch height raising by Speech register (NDS = Native Directed Speech; FDS = 
Foreigner Directed Speech) and Condition. Y axis reports normalised pitch height values relative to the 
baseline value of 1 (Alone). Bars represent SEM.  Asterisks indicate significant differences (*p <.05, 
**p < .01, ***p < .001).  

  

 

In sum, we found that FDS and NDS differ for vowel hyperarticulation (vowel space) 

and speech rate reduction. We show that, in both registers, vowels are less hyperarticulated 

in Comprehension than in Writing and have (normalised) lower pitch in Comprehension than 

both Pronunciation and Writing. Moreover, we observed a complex set of interactions 

between the main effects, which are reported in Table 2. 
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Features Hypotheses Dependent variable Results 

Phonetic 
cues 

Writing > Pronunciation > 
Comprehension 

FDS > NDS 
 

FDS [Writing, Pronunciation] >  
NDS [Writing, Pronunciation] 

FDS [Comprehension] ≈  
NDS [Comprehension] 

Vowel 
hyperarticulation 

Writing > Comprehension 
Writing ≈ Pronunciation 

Pronunciation ≈ Comprehension 
 

FDS > NDS 

Acoustic 
cues 

Writing ≈  Pronunciation > 
Comprehension 

 
FDS > NDS 

 
FDS [Writing, Pronunciation] >  

NDS [Writing, Pronunciation] 
FDS [Comprehension] ≈  

NDS [Comprehension] 

Pitch height raising 
Writing ≈ Pronunciation > 

Comprehension 

Intensity increase 
FDS [Comprehension > Writing] 

NDS [Pronunciation > 
Comprehension] 

Vowel lengthening 

FDS [Pronunciation > 
Comprehension ≈ Writing] 

NDS [Writing ≈ Pronunciation > 
Comprehension] 

Speech reduction FDS > NDS 

 

Table 2. Summary of the hypotheses and results by phonetic and acoustic cues. 

 

 

2.5. Discussion 

Previous studies have shown that speakers adapt acoustic features of their speech 

according to contextual factors, such as the listeners’ linguistic profile (Knoll et al., 2011; Uther 

et al., 2007). In this study, we investigated acoustic features of speech, to assess whether 

they varied between FDS and NDS and whether any such effects were modulated by the 

communicative goal (teaching new words for comprehension, pronunciation, or writing). We 

discuss these findings in more detail below and then consider differences in FDS and NDS. 

Vowel hyperarticulation. Speakers were expected to produce greater vowel 

hyperarticulation (phonetic cues) when their communicative goal was to facilitate the listener’s 
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language production (Writing and Pronunciation) as opposed to comprehension. Speakers 

were also expected to limit vowel hyperarticulation in the Pronunciation compared to the 

Writing condition. This strategy was hypothesised to be the most suitable to avoid vowel over-

articulation, which deforms natural formant values and hinders native-like pronunciation. 

Accordingly, speakers would help the listeners to produce native-like phonemes in the 

Pronunciation condition and to map phonemes onto graphemes in the Writing condition. This 

prediction was mostly confirmed since vowels were more hyperarticulated in Writing than in 

Comprehension, and values for Pronunciation fell in between. This result supports our 

assumption that speakers provide phonetic cues to the listener depending on their 

communicative goals. This indicates that: a) speech registers are not fixed, b) speech 

production is influenced by communicative goals, which suggests that c) speakers adapt to 

listeners’ needs to meet communicative goals, in addition to their linguistic profile 

(Kalashnikova et al., 2017; Piazza et al., 2022; Uther et al., 2007). Also, in line with our 

predictions, speakers produced FDS with more hyperarticulated vowels than NDS, as 

previously reported for English (Hazan et al., 2015; Uther et al., 2007). We did not observe 

different degrees of hyperarticulation across conditions between the two registers (i.e., no 

interaction between the two factors). This suggests that speech directed to both native and 

non-native listeners is adjusted to communicative goals in a similar way (but with greater 

magnitude for FDS), at least regarding phonetic cues (e.g., vowel hyperarticulation).  

Regarding acoustic cues, we predicted greater exaggeration of features in the Writing 

and Pronunciation conditions compared to the Comprehension condition, and no difference 

between the former two. This was partly confirmed, at least in NDS. We will discuss these 

features in the following paragraphs. 

Pitch height raising. Pitch height modulations are argued to derive from the intention 

of raising salience of speech segments relevant to successful communication, without 

providing phonetic cues. In line with our predictions, in both registers, vowels were produced 

with greater pitch height in the Writing and Pronunciation conditions compared to the 
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Comprehension condition. Hence, in our study, pitch height raising is presumed to reflect 

increasing salience of words that are relevant to specific communicative goals, without 

conveying linguistic information itself. This result is in line with previous literature showing that 

a listener’s linguistic profile (e.g., infant vs. adult) modulates pitch height with (mainly) 

attention grabbing functions (Kalashnikova et al., 2017; Ohala, 1984; Trainor & Desjardins, 

2002). Here, we report for the first time that speakers adapt pitch height to grab listeners’ 

attention, not only depending on their profile but also depending on communicative goals. 

These results are in line with the theories of accommodation (Lindblom, 1990; Giles 2016) 

and suggest that speech and pitch height are indeed adjusted to communicative goals and to 

maintain communication successful.  

In contrast with our expectation, we did not find differences between the two registers 

or an interaction between communicative goals and register for pitch height raising. This is in 

line with previous findings (Biersack et al., 2005; Knoll et al., 2011; Uther et al., 2007). Those 

previous studies claim that high pitch does not serve a teaching function, does not provide 

acoustic cues useful for L2 learning, and is not a critical feature of FDS (Biersack et al., 2005; 

Knoll et al., 2006; Uther et al., 2007). Our results support the assumption that pitch height 

raising is not useful for L2 learning, it is used for salience enhancement, and it is not a critical 

feature of FDS. We still cannot exclude with certainty that high pitch serves a teaching 

function, given its modulation in Writing and Pronunciation conditions compared to 

Comprehension.  

Vowel lengthening and intensity raising. In NDS, speakers produced longer and louder 

vowels in Pronunciation than Comprehension. In FDS, vowel length was also increased for 

Pronunciation compared to Comprehension, but the effect was absent for vowel intensity. 

These results are consistent with our assumption that modulation of vowel length and intensity 

occurs to enhance salience in those conditions where this is useful. In the Pronunciation 

condition, speakers used lengthened vowels (and louder in NDS) to provide the listener with 

more time to catch the correct vowel uttered (Biersack et al., 2005). Conversely, the 
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Comprehension condition does not require this enhancement of acoustic cues because word 

recognition is possible with partial cues and partial phoneme identification.  

We also expected vowels in the Writing condition to be longer and louder compared 

to the Comprehension condition. This was true only in NDS (significant only for vowel 

lengthening and not for intensity increase). Unexpectedly, in FDS, those effects were absent 

for vowel length (Comprehension ≈ Writing) and reversed for vowel intensity (Comprehension 

> Writing). A possible explanation for this finding is that non-native listeners need more 

teaching support than native listeners, this support being provided via acoustic cues such as 

vowel hyperarticulation. Thus, when speakers addressed the non-native listener in the Writing 

condition (the more demanding condition), they resorted mainly to hyperarticulated vowels as 

a teaching strategy. As an aftereffect of hyperarticulating vowels, speakers reduced their effort 

to make vowels longer or louder in this same condition. Also, it could be the case that vowel 

hyperarticulation is never accompanied by length and intensity increase, or it is even 

accompanied by a reduction of those acoustic cues. For instance, Uther et al., 2007 found 

that lengthened vowels are not directly associated with vowel hyperarticulation of FDS. In line 

with this, we tested the correlations between vowel hyperarticulation and vowel length and 

intensity, and found no significant correlation with either feature (length: Pearson’s  r = -0.016, 

t = -0.191, p = .849; intensity: Pearson’s r =  0.094, t = 1.125, p = .262). However, further 

research is needed to shed light on whether speakers independently adapt various speech 

features to produce the more suitable speech depending on both communicative goals and 

listener’s need. Also, this would suggest that speakers employ the most suitable speech 

features – intuitively adjusted in the most relevant way – to the listener’s needs in relation to 

their linguistic profile. Whether such feature modulations actually have an impact on the 

listener’s performance in comprehension, pronunciation and writing should be explored in 

future studies (but see Kangatharan et al., 2023).  

In contrast with our prediction, speakers did not produce overall longer and louder 

vowels in FDS than in NDS. However, the vowel lengthening result is in line with most 
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previous studies, which show no direct link between vowel length and hyperarticulation in 

FDS (Uther et al., 2007; Knoll & Scharrer, 2007). Conversely, intensity increase results are in 

contrast with previous findings, which pointed at higher intensity in FDS than NDS (Kendi & 

Khattab, 2019; Hazan et al., 2015; Rodriguez-Cuadrado et al., 2018; cf. Piazza et al., 2022). 

Such a lack of effect could be due to the fact that, contrarily to previous studies, our 

experiment employed a task where both native and non-native listeners had to learn novel 

words. Likely, intensity increase is a strategy to which speakers turn to in situations with great 

need of clarity (e.g., difficult tasks or adverse listening conditions), but that does not provide 

phonetic cues to meet any specific linguistic need (i.e., learning to write/pronounce a novel 

word). 

Speech rate reduction. Contrarily to our expectation, speakers did not vary their 

speech rate according to the three conditions. Instead, FDS was produced with lower speech 

rate than NDS, which is in line with previous literature and with our hypothesis (Biersack et 

al., 2005; C. Smith, 2007). Reduced speech rate in FDS is not fine-tuned to communicative 

goals, but it is assumed to give listeners more time to parse speech (Biersack et al., 2005), 

pointing at enhancing non-native listeners’ overall perception.  

The role of phonetic and acoustic cues. Across the various features considered here, 

the results overall confirmed our hypothesis that speakers dynamically adjust speech and its 

relevant features to communicative goals and listeners’ profile. These findings suggest that 

speech accommodation is a complex phenomenon that is influenced by a variety of factors, 

including communicative goals. Our study contributes to a deeper understanding of the 

cognitive processes involved in speech accommodation and sheds some light on the role of 

phonetic and acoustic cues. That is, it appears that through phonetic cues, speakers provided 

linguistic information, whereas through the acoustic cues, speakers enhanced salience of 

relevant parts of speech, without providing linguistic information. Speakers intuitively use 

those cues selectively to guarantee successful communication. 
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Non-native and Native Directed Speech. To our knowledge, the current study is the 

first systematic investigation of the acoustic features of Spanish language FDS. Interestingly, 

most feature modulations in Spanish FDS were comparable with those previously observed 

in English and other languages. Vowels were hyperarticulated despite the Spanish small 

vowel inventory (c.f., Al-Tamami & Ferragne, 2005; Andruski et al., 1999; in line with Piazza 

et al., 2022). This finding contradicts previous claims that only speakers of languages with 

dense vowel inventory produce hyperarticulated vowels in clear speech (Al-Tamami & 

Ferragne, 2005; Andruski et al., 1999). Moreover, it is of note that we observed differences in 

FDS and NDS, despite both profiles of listeners (native and non-native) being addressed in a 

didactic task, which may have encouraged similar adaptations in both groups. Speakers were 

informed that both the native and non-native listeners were learning the novel words 

presented in the task. Interestingly, to our knowledge, this is the first time that FDS 

hyperarticulation is observed in comparison to NDS in a novel word learning task similar for 

both native and non-native listeners. Despite the didactic purpose in both groups, FDS was 

produced with greater hyperarticulation and speech rate reduction than NDS. This is in line 

with speech accommodation theories (Giles, 2016; Lindblom, 1990) and the didactic purpose 

hypothesis of FDS (Piazza et al., 2022; Uther et al., 2007). According to these frameworks, 

speech is adjusted to the listeners’ linguistic profile and to maintain successful 

communication. Thus, our study suggests that such accommodations in FDS compared with 

NDS are robust even when the communicative aim is to teach new vocabulary.  

2.6. Limitations and future directions. 

The present chapter was conducted online and used a simulated listener based on 

voice recordings, rather than a real listener. This could have impacted speech 

accommodations, meaning we failed to detect differences which might arise in more 

naturalistic interactions. However, our design was completely within subjects and, if the online 

environment affected acoustic features, this effect should be equally distributed across all 

conditions and sessions. Thus, we are confident in sustaining that the differences we found 
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across speech registers and communicative goal conditions were genuine and not driven by 

the online setting. In addition, previous research suggests that speech production can be 

assessed online (Fairs & Strijkers, 2021; Piazza, Kartushina, et al., 2022; Vogt et al., 2021). 

Yet, we cannot exclude with certainty that speech accommodation to speakers and 

communicative goals differs significantly between live and simulated (online) interactions. 

Future research should replicate these results with real listeners to dispel any doubts that 

speech accommodations to communicative goals differs between online-simulated and 

onsite-natural interactions. 

In addition to the main analyses, we explored whether speaking to an addressee 

entails more exaggerated acoustic and phonetic features compared to the Alone condition, 

where speakers did not speak to anyone. The results showed that addressing an interlocutor, 

even a native listener, causes speech changes. In fact, we found out that speaking to an 

addressee induces acoustic adaptations of all dependent variables, even in the least adjusted 

condition (Comprehension of NDS). This result urges future studies to carefully consider the 

use of tasks with live or simulated listeners as this choice may have consequences on 

experiment outcomes. However, we hesitate to generalise this claim to all experimental 

manipulations because 1) the Alone condition was at the beginning of each session and did 

not appear in a counterbalanced order, 2) we employed novel words in order to equate 

didactic needs for native and non-native listeners, but this manipulation does not represent a 

typical native-native interaction. Thus, there is need for future research that compares the 

listener/no-listener (Alone) conditions with real words at play, and ascertains whether the 

mere presence of a listener induces acoustic changes of speech.  

2.7. Conclusion 

Across the various features considered here, we found that speakers dynamically 

adjust their speech to adapt to the communicative goal and their listeners’ linguistic profile. 

These findings suggest that speech accommodation is a complex and dynamic phenomenon 
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that is influenced by a variety of factors. Our study contributes to a deeper understanding of 

the cognitive processes involved in speech accommodation, and sheds some light on the role 

of phonetic and acoustic cues. That is, it appears that through phonetic cues, speakers 

provided linguistic information, whereas through the acoustic cues, speakers enhanced 

salience of relevant parts of speech, without providing linguistic information. Speakers seem 

to intuitively use those cues to guarantee successful communication. These results support 

the didactic function assumption of FDS and extend its use to Spanish speakers. 

Discovering that FDS adapts to factors such as communicative goals shows that FDS 

is endowed with a didactic purpose. Moreover, this finding allows us to predict that FDS has 

an important impact on language acquisition, thus having a didactic impact on L2 learning. 

This prediction will be tested in Chapter 3.  

Supplementary Material 

Material, data, experiment script and analysis code can be found at 

https://osf.io/9gmp3/?view_only=3d0f81510cc24836a52db13749d5b9aa. Instead, a list of 

the target novel words and statistical formula can be found in Appendix 2.1 and 2.2  

https://osf.io/9gmp3/?view_only=3d0f81510cc24836a52db13749d5b9aa
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Chapter 3 - L2 Speech Accommodation of Foreigner Directed 

Speech Supports L2 Word Learning and Pronunciation. 

 

3.1. Introduction 

In the previous chapters, we showed the features of FDS and that it is adapted to 

speakers’ communicative goals. For this reason, FDS has also been referred to as “L2 speech 

accommodation” because it is assumed to be the result of the speaker’s accommodation to 

the listener’s low L2 proficiency and learning needs (see also Giles, 2016; Lindblom, 1990 for 

theoretical frameworks). Such  theories of accommodation entail that FDS is a register derived 

from the intention of meeting the listener’s linguistic need – in this case – L2 learning. In the 

first chapter, we proposed that the didactic function of FDS comprises two related aspects: a 

didactic purpose and a didactic impact. The former is the function of producing clear speech 

to support L2 teaching, reflected in the acoustic features of FDS, whereas the latter is the 

actual effect on L2 learning, perception, and production. While we found evidence for the 

didactic purpose indicating that speakers systematically adjust their FDS (Chapter 2), 

resulting in clearer speech (Piazza et al., under review; Uther et al., 2007), so far, the didactic 

impact of FDS has never been directly explored. In the present chapter we investigated 

whether L2 learners benefit from being exposed to FDS to test its didactic impact on 

perceiving, learning, and pronouncing L2 words. 

3.1.1. From high clarity to the didactic impact of FDS 

FDS is characterised by speech adaptation to the non-native listener. Compared with 

NDS, such an adaptation leads to production of several acoustic features that enhance FDS 

clarity and potentially supports L2 learning. The most typical features are speech rate 

reduction and acoustic exaggeration of vowels, i.e., vowel hyperarticulation (Piazza, Martin, 

et al., 2022). Vowel hyperarticulation is assumed to be the key acoustic feature that serves a 
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didactic function because it results in a clearer and more distinctive representation of vowel 

categories (Kuhl et al., 1997). These features together are proposed to support speech 

perception, comprehension and even production (Bradlow & Bent, 2002; S. H. Ferguson & 

Kewley-Port, 2002; Piazza, Martin, et al., 2022; Smiljanić & Bradlow, 2005, 2009). Several 

studies provide indirect evidence that FDS supports speech comprehension by asking 

listeners to rate the intelligibility of this register. For instance, Knoll et al., (2009) and Uther et 

al., (2007) asked naïve native listeners to rate FDS and NDS audio samples. They found that 

FDS is clearer than NDS but less than other clear speech registers, like Lombard speech, 

which is a register produced to contrast background noise during native-native interactions 

(Garnier & Henrich, 2014; Hazan et al., 2015; Lombard, 1911). Conversely, in other studies 

L2 learners reported to understand FDS better than both NDS and Lombard speech (Bobb et 

al., 2019; Kangatharan, 2015b). Lombard speech is a register produced by native speakers 

to address another native listener in adverse listening conditions and not oriented to L2 

learners. Thus, contrary to FDS (G. Piazza, Martin, et al., 2022), Lombard speech (as well as 

NDS) probably lacks a didactic function (both purpose and impact).  

These rating findings indicate that the perception of FDS and the enhancement of 

clarity differ between native and L2 learners, suggesting that there may be differences in how 

helpful FDS may be for the two populations (Rothermich et al., 2019). However, direct 

evidence showing that FDS supports spoken word learning, recognition, or pronunciation in 

L2 learners is still missing. Few experiments tested the efficacy of clear speech registers for 

word learning in adults. For instance, Golinkoff & Alioto (1995) and Ma et al. (2020) found that 

Chinese Infant Directed Speech (IDS) helps non-native adult participants to learn words. IDS 

shares various acoustic features and didactic function with FDS, although these registers 

have different intended addressees. Thus, one could expect that FDS is particularly suited to 

support adults’ L2 learning. To test this assumption, we need to explore how L2 learners 

acquire perception and pronunciation of L2 words and phonemes when exposed to FDS. 

Learning an L2 entails acquiring several skills and managing various elements of that 
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language. In the following section we introduce the most relevant aspects of L2 learning and 

the difficulties that novice L2 learners can face.  

3.1.2. Aspects of L2 learning 

Perception and assimilation. L2 learning is primarily mediated by perception of novel 

phonemes (Escudero, 2005, 2006; Flege, 1995; Melnik-Leroy et al., 2022; Van Leussen & 

Escudero, 2015). Initially, naïve L2 learners have difficulties in discriminating phonetic 

contrasts that are not present in their L1 (both vowels and consonants). The relative difficulty 

to distinguish L2 phonemes depends on the perceptual assimilation to the listener’s L1 

phonology (Best & Tyler, 2007; Flege, 1995; Mora et al., 2022). According to the Perceptual 

Assimilation Model for L2 (PAM-L2, Best, 1991; Best & Tyler, 2007), the most difficult situation 

for L2 perception is when the two L2 phonemes map onto a single native category (see also 

Flege, 1995; Flege & Bohn, 2021; Kramsch, 2007 for alternative framework). In this case, the 

two L2 phonemes can either map equally poorly to that category (Single Category), or one 

phoneme can be a better fit than the other (Category Goodness), making the perception 

slightly easier than the former category. For Spanish learners of English, an example of Single 

Category is the vowel contrast /æ - ʌ/ (contained in words like cap/cup), comprised by two 

vowels that are not present in the Spanish phonemic inventory. In this case the pair of L2 

vowels fall within the perceptual space of a single L1 vowel category (/a/), which makes it 

difficult to perceive the phonetic differences between the vowels (Baigorri et al., 2019; 

Escudero, 2001; Rallo Fabra & Romero, 2012). Conversely, an example of Category 

Goodness for Spanish listeners is the vowel contrast /i - ɪ/ (contained in words like 

ship/sheep), which is relatively easier than the previous category because the /i/ of sheep is 

a better instance of the Spanish /i/ than /ɪ/ (which is not present in the Spanish phonemic 

inventory). To test this hypothesis, Baigorri et al. (2019) investigated Spanish-English 

bilinguals on the categorical perception of English contrasts. The authors found that /æ - ɑ/, 

/ʌ - ɑ/, and /ʌ - æ/ contrasts are particularly difficult to recognize for late Spanish-English 

bilinguals, whereas discrimination accuracy was higher for /ɪ - ɛ/ and /i - ɪ/ (see also 
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Boomershine, 2013 for similar findings on perceptual ratings). Although accuracy was higher 

for /i - ɪ/, it was also found that late bilinguals tend to perceive /i - ɪ/ vowels in a less categorical 

way than native listeners (Escudero, 2001; Peng et al., 2010). 

There is broad consensus on the assumption that experience (re)shapes L2 learners’ 

phoneme perception (Aoyama & Flege, 2011; Escudero, 2006; Flege et al., 1997; Flege & 

Liu, 2001). In fact, Flege et al. (1997) tested experienced and inexperienced L2 learners of 

various languages on synthetic /i - ɪ/ and /æ - ɛ/ continua and reported that the experienced 

group was more accurate than the inexperienced one at both perceiving and producing the 

vowel contrasts. This suggests that the perceptual system adapts to learning novel vowel 

contrasts and the perception of those can be changed with training (Iverson et al., 2008; 

Logan et al., 1991; Tremblay et al., 1998; Wang, 1999). However, it is not clear how much 

training is needed to observe such a change in the perception of phonological boundaries in 

L2 learners. Some studies found that perceptual change happens only in mid-to-high 

proficient experienced L2 learners (Reinisch et al., 2013), whereas others found changes in 

low proficient L2 learners within the duration of an experimental session (O. A. Drozdova et 

al., 2015; P. Drozdova et al., 2016). Nevertheless, it is currently unknown whether such a 

perceptual change occurs in L2 learners when exposed to FDS. L2 learners’ perceptual 

change of L2 phonemes is likely an important step in the learning process. Testing learning 

in the context of FDS will shed new light also on the phonological boundaries’ adaptation after 

short training in the L2. 

In both the above discussed types of phonetic assimilation, problems with correct 

mapping of L2 phonemes hinders L2 learners from creating two distinct vowel categories. 

This determines the difficulty to perceive and produce these vowels in a distinct manner 

(Flege, 1995; Mora et al., 2022). So far, there is little evidence on the effectiveness of phonetic 

training for improving such mappings and phonological representations (Lee et al., 2015), and 

there is no research at all on the effectiveness of FDS on improving L2 perception. For this 

reason, in this study we focused on the learning process of both perception and production of 
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L2 vowels and words in FDS. We focused on the FDS didactic impact for learning the two 

types of assimilation categories, Single Category and Category Goodness respectively, 

including the /ʌ - æ/ and /i - ɪ/ English vowel contrasts. By doing this we aim to provide a well-

rounded research approach for the study of the didactic impact of FDS with a simulation of L2 

learning of English. 

Production. All the above reported studies focus on L2 phoneme perception. However, 

this is just one, although fundamental, aspect of learning an L2. The learning process entails 

acquiring various aspects of the L2, which include production too (Flege, 1995). L2 learners 

must also deal with the challenge of correctly pronouncing novel words. Most adult L2 learners 

cannot reach native-like pronunciation so a non-native accent, which depends on their L1, is 

common (Derwing & Munro, 2009; Flege, 1984). As well as non-native pronunciation is 

expected, most naïve learners also have issues in distinguishing the pronunciation of L2 

vowel contrasts (O’Brien, 2021; e.g., Category Goodness). This makes the two vowels difficult 

to distinguish, it lowers intelligibility, and possibly leads to miscommunication. Thus, to 

accurately pronounce L2 vowels, phonetic differences between vowel categories must be 

learned. For this reason, we are also interested in investigating the advantage of learning to 

pronounce words and vowels derived from exposure to FDS.  

3.2. The present study 

L2 learners perceive FDS to be clearer than NDS (Bobb et al., 2019), but to date, 

research assessing the impact of FDS on L2 learning is not available (Piazza et al., 2022). To 

disclose the didactic impact of FDS in the second language acquisition process, there is need 

for research on the effect of exposure to FDS on learning, perceiving, and producing L2 words 

and vowels. For this purpose, we recruited Spanish native listeners who were novice learners 

of English to participate in an online experiment. Participants were randomly assigned to a 

register group (NDS, FDS) and asked to learn a set of 24 English pseudowords. All 

participants learned three types of novel words: (1) minimal pairs containing the /ʌ - æ/ 
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contrast (like guck/gack), (2) minimal pairs containing the /i - ɪ/ contrast (like deest/dist), (3) 

non-minimal pair novel words containing the /a/ and /u/ vowels as fillers (like parg/phoon), 

which were included to increase item variability in the experiment. After the learning phase, 

participants were tested on word learning, word production and vowel perception. We did this 

in three tasks: 

1) Recognition task. Participants were auditorily taught the associated label for each 

object in either FDS or NDS. In the testing phase, participants were asked to recognize the 

association between the labels and novel objects. Accuracy and response times across 

blocks (Block factor) were compared between the FDS and NDS groups.  

2) Production task. Participants were presented with the previously learned objects, 

one by one, and were asked to pronounce their name. Accuracy and response latencies 

across blocks (Block factor) were compared between the FDS and NDS groups. Also, we 

computed phonetic accuracy as means of a) Euclidean distance between the participants’ 

vowel production and the vowels in the stimuli. In addition, we computed the Euclidean 

distance b) within each vowel contrast (/i - ɪ/ and /ʌ - æ/). With this latter measure, we 

investigated phonetic accuracy but from the perspective of vowel distinctiveness. 

3) Continuum discrimination task. Participants were administered two continuum 

categorical perception tests of the /i - ɪ/  and the /ʌ - æ/ contrasts (separately). We tested 

participants before the learning phase (pre-test) and after they completed both the 

Recognition and the Pronunciation tasks (post-test). That is, we investigated potential 

changes in participants’ ability to discriminate these vowels as a result of exposure to a 

specific speech register.  

Using these tasks, we are interested in answering the following questions: 

1) Does FDS enhance word learning as compared to NDS? 
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2) Does exposure to FDS improve L2 vowel pronunciation accuracy and distinction as 

compared to NDS? 

3) Does exposure to FDS as compared to NDS shape L2 vowel perception? 

The Recognition and Production tasks aimed to answer the first question. In line with the 

assumption that FDS yields a didactic impact on the process of L2 learning, we expected the 

FDS group to learn better than the NDS group. This would be revealed by  a steeper learning 

curve across blocks and faster responses in the Recognition task. FDS is also assumed to 

deliver articulatory information by providing L2 learners with exaggerated phonetic contrasts, 

which is not the case for NDS. Thus, in the Production task, we expected  higher accuracy 

(i.e., production closer to target reference) and faster responses with a steeper learning curve 

in the FDS group compared to the NDS group. In addition, for Spanish participants, the /ʌ - 

æ/ contrast (Single Category, henceforth Single) is expected to be more difficult to produce 

than the /i - ɪ/ contrast (Category Goodness, henceforth Goodness) (Best & Tyler, 2007; 

Escudero, 2006; Flege et al., 1997). Thus, we expected participants to have lower accuracy 

and higher response times, in both tasks, for the Single than Goodness contrast. FDS is 

expected to exaggerate features of all the contrasts, which makes the two contrasts equally 

difficult in the two registers, but overall easier to perceive and pronounce for the FDS group.  

The Production task also aimed to answer the second research question. If FDS 

provides enhanced articulatory information, the FDS group was predicted to produce vowels 

that are closer to what they heard as compared to the NDS group. This should be reflected 

by a reduced Euclidean distance between participants’ production and the target reference – 

and steeper improvement across blocks – in the FDS as compared to the NDS group. We 

also expected FDS participants to pronounce vowel contrasts (Single and Goodness) in a 

more distinctive way than the NDS group, reflected by greater Euclidean distance between 

vowels of both contrasts.  
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Lastly, the Continuum discrimination task aimed to answer the third research question. 

If FDS enhances vowel discrimination, this effect may not be limited to the words that 

participants learned during the task. Native perception of vowels is quasi-categorical (Altmann 

et al., 2014), but non-native perception is not. Thus, both NDS and FDS participants were not 

expected to show a clear perceptual boundary between the two target vowels in the pre-test. 

Instead, in the post-test, we expected only the FDS group to show a more native-like 

perception of the two contrasts. This would suggest that FDS induces adaptation in the 

listener’s L2 perceptual system after short training.  

3.3. Method 

3.3.1. Participants 

We recruited 50 native Spanish participants with a mid-low level of English, aged 18-

40. The participants were randomly assigned to one of two groups (25 participants each), 

exposed to either NDS or FDS (NDS group: Mage = 26.76 y.o., SD = 6.55; FDS group: Mage = 

27.36 y.o., SD = 6.48). All participants were tested for their English level in an individual 

interview with an expert linguist, who assigned marks from 1.0 to 5.0 (1.0 = low; 5.0 = native-

like). In the interview, fluency, vocabulary, grammar, and pronunciation are evaluated, and 

altogether concur in the overall mark. We only recruited participants who obtained an overall 

mark between 1.0 and 3.0 (NDS group: Mage = 1.8, SD = 0.45, FDS group: Mage = 1.9, SD = 

0.32). In addition, at the end of the experimental session, participants were asked to carry out 

a Raven matrices test and a pseudoword repetition task in Spanish, used as indices of 

participants’ non-verbal IQ and phonological memory (Clark et al., 2012; Kaufman & Kaufman, 

2014; see Appendix 3.4 for a description of these tasks).  

Bayesian analyses were conducted to assess that the two participant groups did not 

differ in age, English proficiency, non-verbal IQ, and phonological memory. Two-tailed 

analyses with Cauchy prior distribution (scale of γ = 0.707) revealed that age, proficiency, IQ, 
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and phonological memory of the two groups were respectively (Bayes factors, BF01) 3.39, 

2.25, 3.05, and 3.53 times more likely under the null than the alternative hypothesis. This 

evidence suggests that the two groups did not significantly differ in age, English proficiency, 

non-verbal IQ, and phonological memory.  

3.3.2. Material 

Empirical evidence on other vowels than /a/,/i/,/u/ (e.g., /ɪ/, /ʌ/, /æ/) in FDS literature 

is limited. For this reason, before the actual experiment, we ran a pilot study to assess 

matrices of FDS adaptation on /ɪ/, /ʌ/, /æ/ vowels. We report the results and description of 

this preliminary study in the Appendix 3.1. Below, the material of the three tasks is described. 

Recognition task and Production task. For the present study, we created 16 novel 

words containing the /i - ɪ/ (e.g., [di:st - dɪst]) and /ʌ - æ/ contrasts (e.g., [gʌk – gæk]). The 

novel words for both vowel contrasts were built as minimal pairs, so that participants had to 

rely on the target vowels to distinguish the words. To increase item variability, we also created 

8 novel words containing the /a/ and /u/ vowels (not forming minimal pairs) that served as 

fillers (e.g., [pha:g – fu:n]; see Appendix 3.1 for the full list of experimental stimuli). A set of 24 

novel objects was selected to match the 16 target novel words and 8 filler words. The images 

were taken from the Horst & Hout (2016) novel object database and represented unknown 

objects and unfamiliar tools. To create the object-word pairings while avoiding any effects 

derived from specific relations between words and objects in our stimuli, we created 3 lists of 

pseudo-random associations, and the presentation of these word-object lists was 

counterbalanced across speakers. 

The stimuli were recorded by a female native speaker of British English. This speaker 

was chosen from the 5 speakers who participated in the pilot study as best representing the 

observed preliminary results (see Appendix 3.1; wider vocalic area, longer sentence duration, 

larger /ʌ - æ/ Euclidean distance and /i - ɪ/ duration difference). This speaker produced novel 

words in FDS with wider vocalic area (+187%), longer sentence duration (MFDS= 3640ms, 



100 
 

MNDS= 3561ms), greater /ʌ - æ/ Euclidean distance (MFDS= 358.10 Hz2, MNDS= 161.96 Hz2), 

and larger /i - ɪ/ duration difference (FDS: 15ms, NDS: 4ms) than in NDS3. Conversely, she 

produced smaller /i - ɪ/ Euclidean distance in FDS than NDS (MFDS= 933.88 Hz2, MNDS= 

1169.25 Hz2). All stimuli were normalised for intensity and used in both the Recognition and 

the Production task.  

Continuum discrimination task. A female native speaker of British English, who did not 

record the stimuli for the other tasks, was recorded while producing the words sheep, ship, 

cup, cap. These recordings were used to create two seven-step continua. The sheep-ship 

continuum was created by gradually changing the formants and the length of the target 

vowels. The cup-cap continuum was created by solely changing the formants of the target 

vowels as this contrast is not marked by vowel duration (Escudero, 2001, 2006). Based on 

the continua, we created 7 isolated instances of words from sheep to ship and from cup to 

cap that were used in this task. 

3.3.3. Procedure 

The experiment was administered online via PennController for Ibex (Zehr & Schwarz, 

2018), which is a JavaScript-based platform. During the session, participants remained 

connected with the experimenter via Zoom™, but video streaming was disabled throughout 

the experiment. This allowed the experimenter to verify that participants’ microphone worked 

properly and that they stayed focused on the task. We asked participants to wear headphones 

and a head-mounted microphone if available, but any type of microphone with acceptable 

quality was allowed. Before the start of the experiment, participants recorded and played back 

their own voice to self-check audio quality. . Participants’ compliance was confirmed using a 

screening test (Woods et al., 2017). After that, the experimental session followed this order: 

 
3 Statistical analysis cannot be run here. Stimuli contain 24 words and each Euclidean distance or duration 
difference need comparison between 2 words. So, we have 12 observations, 6 for each contrast: very few to test 
significance. 
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Continuum discrimination task (pre-test), Recognition task, Production task, Continuum 

discrimination task (post-test), Raven matrices test, Pseudoword repetition task. 

Continuum discrimination. The task began by displaying two images on the screen, 

one at a time (either a sheep and a ship or a cup and a cap, in counterbalanced order across 

participants). For each image, participants were presented with an auditory recording of the 

image’s name pronounced in NDS. Then, the task started, and participants used the mouse 

to click a button on the center of the screen to listen to the stimuli. They were presented with 

one sound of the continuum at a time (in a random order). The two pictures previously 

displayed (a sheep and a ship or a cup and a cap) were presented on the screen and 

participants were asked to click on the picture corresponding to the word they heard. Each 

endpoint and mid-step word (7 in total) were repeated 6 times (42 trials per contrast). After 

completing the block corresponding to the first two images (e.g., sheep and ship), the same 

procedure was followed for the remaining minimal pair (e.g., cup and cap). Both pre-test and 

post-test followed the exact same procedure. 

Recognition task. The object-word pairs were presented once during a familiarisation 

phase, where participants passively learned the associations. During familiarisation, 

participants were exposed to novel objects presented together with the auditory version of 

their name, embedded in a carrier phrase (e.g., “this is a deest”). Each sentence was 

pronounced in either FDS or NDS depending on the participant’ group. The recognition task 

began after each object-word pair was presented once (in the familiarisation phase). In the 

recognition phase, participants saw images of 4 objects on the screen and heard a sentence 

identical to the familiarisation phase (e.g., “this is a deest”). The 4 objects comprised the target 

object (e.g., deest), a competitor (e.g., dist) and  two distractors (e.g., gack and phoon). 

Participants used the mouse to click a button on the centre of the screen to listen to the cue-

sentence. Then, the objects were displayed on the screen until participants provided a 

response by clicking on one of the 4 objects. As soon as they did so, all the objects 

disappeared and the correct one was displayed on the centre of the screen for 2500ms. This 
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way, participants were provided with feedback on whether their answer was correct. The 

stimuli were presented in a randomised order within each block. Each block included 24 trials 

(16 experimental trials + 8 fillers) and participants were exposed to 6 blocks in a row (total 

number: 96 experimental trails + 48 fillers). Stimuli were presented in a pseudorandomized 

fashion to prevent the same target vowel appearing more than twice in a row. 

Production task. Participants were presented with the same 24 objects from the 

recognition task. The objects were displayed one at a time on the screen and the participants 

were asked to name each of them. As soon as an object was displayed on the screen, the 

browser started recording participants’ oral responses. The object remained on the screen 

until participants clicked the button ‘Send your response’. The microphone continued 

recording for 500ms after the response was sent to avoid early button press to trim that off. 

After sending their response, participants heard the novel word in the carrier phrase as in the 

recognition task, which served as feedback. Then, the next trial began by displaying a new 

object on the screen. This procedure was repeated until all the object-word pairs were 

(randomly) presented and repeated in 6 consecutive blocks (96 trials + 48 fillers in total). 

3.3.4. Measures and statistical analysis  

Recognition task. For this task we extracted 1) response accuracy across the 6 blocks. 

Offline, 0 and 1 point were assigned respectively to incorrect and correct responses. We also 

measured 2) response latencies across blocks. Latencies were measured from the moment 

the cue-sentence finished playing to the moment participants provided an answer. Only 

correct answers were included in the latency analysis. 

Production task. We measured 1) response accuracy across blocks. As a proxy of 

production accuracy, we computed the Aline distance between each participant’s phonetic 

production and the target pronunciation of the stimuli with the alineR package (Downey et al., 

2008, 2017) in R (R Core Team, 2021). This measure was the result of feature-weighted 
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linguistic distance calculations. Scores resulted in finite values from 0 to 1, where 0 

represented perfect production-target match and 1 represented answers containing sound 

categories unrelated to the target. We also calculated 2) response latencies across blocks, 

measured from the object presentation until participants orally responded. Furthermore, 

based on the values of the first (F1) and second (F2) formants, we computed 3) the Euclidean 

distance between participants’ vowel productions and the stimulus speaker’s pronunciation of 

the vowel stimuli (henceforth just vowel stimuli), and 4) the Euclidean distance within 

participants’ vowel contrast productions (/ʌ - æ/ and /i - ɪ/). All incorrect responses or that – 

despite some similarity with the target – clearly pointed at a distractor were excluded from the 

analyses of 2), 3), and 4). For example, if a participant said [pi:fəl] for the object associated 

with the novel word [pi:v], they would have obtained an Aline score of 0.31, but their response 

was considered incorrect because it pointed at the distractor [bi:fəl]. The excluded trials 

represented 39.58% of the total responses. The remaining valid trials were 1559 in FDS and 

1341 in NDS (BF01 = 1.89, anecdotal evidence for H0), for a total of 2900. In addition, in order 

to test the two Euclidean distance variables, formant values of participants’ vowel productions 

(and vowel stimuli) were normalised by employing the Lobanov method (Lobanov, 1971). This 

method uses a log-mean method to normalise the formant values and computes a single 

grand mean for all participants. This was done to prevent participants’ physiological 

differences from driving the observed effects.  

The dependent variables of the Recognition and Production tasks were independently 

analysed by using growth curve analysis (GCA) models (Mirman, Dixon, et al., 2008; Mirman, 

Magnuson, et al., 2008) fitted in R (lme4 package; Bates et al., 2015; see Appendix 3.3 for a 

list of the models). This technique is explicitly designed to assess changes over time at group 

and individual levels. GCA allowed us to add to the models the linear and quadratic polynomial 

terms to account for the overall slope change and the curvature of the observed effects. The 

linear term reflects the overall slope, and the quadratic term reflects the curvature (i.e., change 

in slope across learning blocks). Thus, the 6 blocks were added to the model as Block factor, 
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including linear and/or quadratic terms depending on the best model fit. The Register (FDS 

and NDS) and Contrast (Single and Goodness contrasts) factors, together with the Block 

factor, were added to the models as fixed effects (unless differently specified). Subject and 

novel words were included as random effects. Other predictors were considered only if they 

improved the model fit (see Appendix 3.3 for a list of the final models). Starting with the 

minimal structure, various models were created; the final models were chosen according to 

the best fit indicated by the Performance package in R (Lüdecke et al., 2021). For all models, 

we set a priori sum contrasts so that within Register, -0.5 was assigned to NDS and +0.5 to 

FDS, whereas within the Contrast factor, -0.5 was assigned to Category Goodness and +0.5 

to Single Category (Schad et al., 2020). Response latencies were transformed using the Box-

Cox method (Box & Cox, 1964). Conversely, accuracy of the Recognition task was tested by 

fitting GCA with generalised linear (glmer) mixed-effects models and binomial family. Given 

the distribution of the Aline distance, results were fitted in a glmer model of the beta family. 

Both measures of Euclidean distance were tested in two separate models (one for each 

contrast: Single and Goodness). 

Continuum discrimination. For this task, we used a generalised linear mixed effect 

model (binomial family) to compare vowel discrimination between the pre-test and the post-

test (Exposure factor) and between the two speech register groups. We did not include 

polynomial terms because GCA did not apply for this variable. Ship/sheep and cup/cap 

continua were tested in separate models. 

For all tasks, model significance was tested with the lmerTest Package (Kuznetsova 

et al., 2017) and interactions between main effects were explored by running post-hoc 

analyses in the emmeans package (Lenth et al., 2019) with Tukey HSD correction for multiple 

comparisons. Given the number of interactions tested in each model, below we report only 

significant interactions; all results, including non-significant results are reported in the 

Supplementary material. 
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3.4. Results 

3.4.1. Recognition task 

Accuracy. This task aimed to investigate whether FDS promotes L2 novel word 

learning. Accuracy. The final model indicated a significant effect of the Block factor’s linear 

term (β = 0.561, z = 4.019, p < .001) but not quadratic term (β = -0.0655, z = -0.809, p = .419). 

Participants linearly improved accuracy from 56.75% on average in the 1st block to 71.63% in 

the 6th block. The main effects of Register (β = -0.277, z = -0.785, p = .432) and Contrast (β 

= -0.261, z = -1.866, p = .062) were not significant but their interaction was (β = 0.533, z = 

4.007, p < .001). The FDS and NDS groups did not differ for the Single (z = 0.028, p = 1) and 

the Goodness accuracy (z = 0.502, p = 0.436). However, within contrasts, FDS participants 

were more accurate in recognizing novel words containing the Goodness contrast than the 

Single contrast (z = 3.373, p = .004; see Figure 11). Conversely in the NDS group this 

difference was not significant (z = -0.034, p = 1). All other interactions were not significant 

(see Supplementary material).  

 

Figure 11. Recognition task. Accuracy across blocks, by Register (FDS = Foreigner Directed Speech, 

NDS = Native Directed Speech) and Contrast (SINGLE = novel words with the /ʌ - æ/ contrast; 
GOODNESS = novel words with the /i - ɪ/ contrast). Bars indicate SE.  
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Response latencies. The final model showed significant effects of linear (β = -0.077, t 

= -13.754, p < .001) and quadratic terms (β = 0.033, t = 6.854, p < .001). This is because 

participants got faster, from 6338ms on average in the 1st block to 4834ms in the 5th block, 

and then reached plateau performance in the 6th block (4892ms on average). Also, the effect 

of Register was significant (β = 0.051, t = 7.562, p < .001) because the FDS group (3792ms) 

responded overall faster than the NDS group (4551ms; see Figure 12). Conversely the effect 

of Contrast  (β = -1.525e-04, t = -0.019, p = .984) and any interaction did not reach 

significance. 

 

Figure 12. Recognition task. Response latencies across blocks by Register (FDS = Foreigner 
Directed Speech, NDS = Native Directed Speech) with responses collapsed across the two contrast 
types. Bars indicate SE. 

 

3.4.2. Production task 

This task investigated whether FDS promotes learning of novel words for production. 

One participant was excluded from the analyses due to very low production accuracy (  ̴8%).  
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Accuracy. Results indicated significant improvement in model fit on the linear term (β 

= -0.469, z = -2.775, p = .005), but not the quadratic term (β = 0.086, z = 1.043, p = .297). 

This is reflected in the Aline distance scores, which, on average, went from 0.332 in the 1st 

block to 0.235 in the 6th block. Effects of Register (β = 0.231, z = 1.128, p = .259) and Contrast 

(β = 0.074, z = 0.446, p = 0.656) did not reach significance, but their interaction did (β = -

0.315, z = -2.298, p = .022). This interaction was likely driven by the NDS group’s difference 

between Single and Goodness contrasts, but post-hoc analyses failed to reveal any 

differences between Single and Goodness in both the NDS (t = 1.436, p = .477) and FDS 

groups (t = - 0.446, p = .971; see Figure 13). All other interactions were not significant.  

 

 

Figure 13. Production task. Aline distance between participants’ production and the target 
pronunciation across blocks, by Register (FDS = Foreigner Directed Speech, NDS = Native Directed 
Speech) and Contrast (SINGLE = novel words with the /ʌ - æ/ contrast; GOODNESS = novel words 
with the /i - ɪ/ contrast). Bars indicate SE.  

 

Response latencies. The final model yielded a significant quadratic term (β = 0.048,  t 

=  2.844, p = .004) but not linear term (β = 0.014, z = 0.817, p = .414), indicating that 

participants’ response latencies across blocks best fitted a parabola shape. The Contrast 

factor (β = -0.049, t = -2.093, p = .037) showed a significant effect because the Goodness 



108 
 

contrast was produced with shorter latencies (1946ms) than the Single contrast (2408ms; see 

Figure 14) especially starting from the third repetition. Conversely, the Register factor (β = -

0.029, t = -0.390, p = .698) and all interactions were not significant.  

 

 

Figure 14. Production task. Response latencies across blocks by Contrast (SINGLE = novel 
words with the /ʌ - æ/ contrast; GOODNESS = novel words with the /i - ɪ/ contrast). Bars indicate SE. 
These data are collapsed across registers. 

 

Euclidean distances. The analysis of Euclidean distances assessed whether the 

exposure to FDS improves participants’ vowel production accuracy and category distinction 

as compared to NDS. For this purpose, we computed two measures of Euclidean distance:  

a) Euclidean distance between participants’ vowel production and vowel. For this 

variable, the Goodness (/i - ɪ/) and Single (/ʌ - æ/) contrasts were analysed in two separate 

models that each included the factors Vowel (i and ɪ or ʌ and æ) and Register. The results for 

Goodness model did not reveal significant improvement in model fit on the linear (β = 0.0375, 

t = 0.481, p = .630) or quadratic terms (β = 0.381, t = 0.504, p = .614). The main effects of 

Register (β = 0.387, t = 5.448, p < .001), Vowel (β = 0.417, t = 2.461, p = .038) and their 
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interaction were significant (β = 0.219, t = 3.320, p < .001). Post-hoc analyses indicated that 

the NDS group produced /ɪ/ further from the target than /i/ (t = 3.269, p = .031), whereas this 

was not true for the FDS group (z = 2.144, p = .198). Also, NDS participants pronounced /ɪ/ 

with greater distance from the target vowel than the FDS participants (t = -5.302, p < .001; 

see Figure 15). This was not true for the /i/ vowel (t = -2.219, p = .127). This result suggests 

lower phonetic accuracy for the NDS than the FDS group for this vowel. The model for the 

Single contrast did not reveal any significant effects (see Figure A of the Appendix 3.2) 

(Register β = -0.257, t = -0.455, p = .650, Vowel β = -0.012, t = -0.146, p = .887, Block linear 

t.: β = -0.031, t = -0.538, p = .591; quadratic t.: β = -0.057, t = -0.980, p = .327) or interactions.  

Figure 15. Production task. Goodness contrast: (normalised) Euclidean distance participants’ 
production – vowel stimuli, across blocks, by Register (FDS = Foreigner Directed Speech, NDS = 
Native Directed Speech) and Vowel (i and ɪ). Bars indicate SE.  

 

b) Euclidean distance within vowel contrasts. The two contrasts Goodness (/i - ɪ/) and 

Single (/ʌ - æ/) were separately investigated in two models, which included the Block and 

Register factors. The final model for the Goodness contrast indicated a main effect of Register 

(β = 0.166, t = -2.520, p = .016) but no effect of linear (β = -0.061, t = -1.396, p = .163) or 

quadratic terms (β = -0.005, t = -0.114, p = .909). The FDS group produced the vowels in this 

contrast more distinctly than the NDS group (Euclidean distance FDS = 0.732 Hz2;  NDS = 
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0.557 Hz2), without substantial changes across the 6 blocks (see Figure 16). Instead, the 

model for the Single contrast did not show any significant effects or interactions (Register: β 

= 0.021, t = 0.518, p = .607; linear term: β = - 0.035, t = -1.178, p = .239; quadratic term: β = 

-0.026, t = -0.853, p = .394).  

 

 

Figure 16. Production task. (normalised) Euclidean distance by Register (FDS = Foreigner Directed 
Speech, NDS = Native Directed Speech) and Contrast (SINGLE = novel words with the /ʌ - æ/ contrast; 
GOODNESS = novel words with the /i - ɪ/ contrast). Bars indicate SE.  
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3.4.3. Continuum discrimination task 

 This task assessed whether the exposure to FDS or NDS for a short period of time 

induces changes in the participants’ L2 perceptual system, becoming more categorical in the 

FDS group. In the final model for the sheep-ship continuum, the Register (β = 0.419, z = 

1.287, p = .198) and Exposure factors (β = 0.105, z = 0.800, p = .424) and their interaction 

were not significant. This was also the case for the cup-cap continuum (Register, β = 0.264, 

z = 0.942, p = .346;  Exposure, β = -0.085, z = -0.924, p = .355, and the interaction was not 

significant) (see Figure 17).  

 

Figure 17. Continuum discrimination. Average percentage of ‘sheep’ choices (on the left) and of ‘cap’ 
choices (on the right) across the seven-step continuum by Register (FDS = Foreigner Directed Speech, 
NDS = Native Directed Speech) and by Exposure (pre-test and post-test). Bars indicate SE. 

 

3.5. Discussion  

  

Previous literature assumed that FDS is endowed with a didactic purpose – reflected 

on the acoustic features of FDS – and a didactic impact (Piazza et al., in preparation, 2022; 
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Scarborough et al., 2007; Uther et al., 2007). Such a didactic impact would support L2 learners 

both in comprehension and production. However, so far, whether L2 learners’ perceptual and 

production learning is promoted after the exposure to FDS remains unknown. We addressed 

these questions by conducting an online experiment where two groups of L2 learners of 

English (Spanish L1) learned the association between novel objects and novel English words 

pronounced in either FDS or NDS. Perception and learning of English vowel contrasts (/i - ɪ/ 

= Goodness, /ʌ - æ/ = Single), which are absent in Spanish, was assessed. In order to 

investigate FDS learning benefits to produce novel words and vowels, participants’ production 

accuracy and latency were measured as well. We expected to find that the group exposed to 

FDS learned to perceive and pronounce novel words and vowel contrasts more successfully 

and faster than the NDS group. 

FDS Benefits  

The present study provides evidence for the FDS benefit on L2 learning for the first 

time. That is, FDS participants were better at perceiving L2 novel words as compared to NDS 

participants. Such a benefit was mainly shown in the Recognition task results, which indicated 

that the FDS group responded faster than the NDS group to recognize novel words (both 

vowel contrasts). This represents evidence in support of the didactic function hypothesis of 

FDS and speech accommodation theories (Bobb et al., 2019; Giles, 2016; Lindblom, 1990; 

Piazza et al., 2022; Uther et al., 2007). 

FDS benefit depends on properties of the speech contrasts to be learned 

Our results also provide evidence that FDS effects are qualified by the properties of 

the speech contrasts to be learned, and how they relate to listeners’ L1 (Best & Tyler, 2007). 

That is, FDS benefits were particularly pronounced for the Goodness contrast (/i - ɪ/). For 

example, Recognition accuracy of the FDS group was higher for the Goodness than the 

Single contrast, whereas this did not happen in the NDS group. This suggests that even 

though the FDS group did not show overall better accuracy than the NDS group, their 
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exposure to FDS promoted recognition of words including the Goodness contrast. On the 

other hand, Production results showed that FDS delivers articulatory information that has an 

impact on L2 pronunciation learning, but for the Goodness contrast only (Best & Tyler, 2007). 

The NDS group produced /ɪ/ vowels further away from the target than /i/ vowels, whereas this 

was not true for the FDS group. More importantly, FDS participants produced /ɪ/ closer to the 

target than NDS participants. This means that the FDS group was more precise to hit the /ɪ/ 

target vowel than the NDS group. Moreover, the FDS group was better than the NDS group 

at separating the vowels of the Goodness contrast (larger /i - ɪ/ distance in their production). 

These results suggest that FDS provides articulatory information to the listeners, who use 

such cues to achieve the target pronunciation.  

These findings were likely due to the acoustic features of FDS, which enhance the 

differences between contrast vowels. The FDS novel words containing the Goodness contrast 

were produced (by our native speaker who recorded the stimuli) with greater /i - ɪ/ duration 

differences and reduced Euclidean distance than the same novel words pronounced in NDS 

(see Material and Appendix 3.1). Participants’ performance was in line with previous literature 

that reported Spanish listeners to be particularly sensitive to duration differences between L2 

vowels (Escudero, 2001, 2006). This also indicates that FDS duration cues (directed to 

Spanish listeners) are particularly suited to enhance L2 learners’ discrimination  of the /i - ɪ/ 

vowel contrast rather than another contrast signalled by formant value information. Research 

has hinted that such cues are intuitively produced by native speakers to support 

communication with L2 learners (Giles, 2016; Piazza et al., 2022, in preparation; Uther et al., 

2007; see also Appendix 3.1). Here, we show that these duration cues also support word 

learning, bearing a didactic impact for L2 learners. We cannot exclude that FDS supports 

learning of Single contrast vowels as well, but cue adjustments for such a contrast do not 

seem to be readily effective and more exposure to FDS is probably needed to detect 

improvement on the Single contrast. Lastly, production latency results indicated participants’ 

faster responses for Goodness than Single contrast words, regardless of the Register group. 
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This finding does not relate to our focus on differences between FDS and NDS, but it is still 

interesting because it confirms that the Goodness contrast used here is easier to discriminate 

than the Single contrast for our participants, as we discuss below. 

Theories of Second Language Acquisition that explain the FDS benefit 

Such a benefit asymmetry between Goodness and Single contrasts is in line with 

PAM-L2, which claims that Goodness contrast phonemes are more easily recognized and 

pronounced than Single contrast phonemes (Best, 1991; Best & Tyler, 2007). Also, there are 

other second language acquisition theories that account for this learning asymmetry, such as 

the Speech Learning Model (Flege, 1995; Flege & Bohn, 2021), the Contrastive Analysis 

Hypothesis (Foley & Flynn, 2013; Kramsch, 2007), and the Input Hypothesis (Krashen, 1989). 

For example, the Speech Learning Model assumes that the greater the perceived phonetic 

dissimilarity between an L1 and L2 sounds, the easier it will be to discern them. However, the 

existing models do not consider the interaction between Register and Contrast that we 

observed in our results. This interaction refers to the finding that participants showed greater 

improvement in learning the Goodness contrast than the Single contrast if exposed to FDS 

rather than NDS. This can be explained by adding a complementary socio-cognitive factor 

(Atkinson, 2014) to the previous models, which would provide a combined framework that can 

explain this advantage for the Goodness contrast in FDS (Kuhl, 1997; Piazza et al., 2022; 

Uther et al., 2007). The socio-cognitive theory of second language acquisition claims that L2 

learning is a natural and adaptive process of ecological alignment (Atkinson, 2002, 2014; 

Atkinson et al., 2007). In fact, our results reveal that learners adapt their perception and 

production of L2 novel words to the social environment (i.e., learning differs depending on 

speech adaptation of the speaker/teacher). This hints that FDS is a socially mediated 

promoter of phoneme category distinction and acquisition. 

FDS benefit depends on the modality and task demand 
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FDS seems to be a suitable tool for teaching a second language, which supports L2 

learners’ performance, both in recognition and production. However, the present study also 

revealed that this overall L2 support differs depending on the modality (i.e., word recognition 

vs. production). We observed better recognition and production performance in the FDS than 

NDS group (as for the Goodness contrast), but the production benefit was limited to higher 

accuracy in target vowel pronunciation (Euclidean distance measures). Contrary to our 

expectation, accuracy (Aline distance) and production latency results did not differ across 

registers. Even though the model for the Aline distance yielded a significant interaction 

between Register and Contrast, post-hoc analyses failed to highlight any difference between 

conditions. We argue that this interaction was driven by the NDS group’s higher Aline distance 

(hence lower phonemic accuracy) in the Single contrast than the Goodness contrast (see 

Figure 3). However, this remained an anecdotal observation as no significant differences 

between conditions were observed. In sum, the FDS benefit was visible in faster word 

recognition but not in faster word production. It could be that FDS is beneficial for word 

production accuracy and speed as well, but that longer training would be needed to observe 

those effects on production. This assumption is in line with previous literature reporting that, 

when learning linguistic elements, comprehension precedes production learning (Childers & 

Tomasello, 2002; Gershkoff-Stowe & Hahn, 2013; Hendriks & Koster, 2010).  

However, it is worth reminding that the Production task was always carried out after 

the Recognition task. Participants first had to learn to perceive the differences between vowels 

and novel words, and only after were asked to produce them. We argue that this could be the 

main cause of the observed disadvantage in the production of /ɪ/ of the NDS participants. 

During the Recognition task, NDS participants were exposed to novel words containing the /i 

- ɪ/ contrast in which the duration cue (/ɪ/ shorter than /i/) was reduced as compared to the 

FDS group. We think this absence of clear duration cues might have impaired accurate 

perception (and thus learning) of the Goodness contrast. Thus, NDS participants carried over 

this disadvantage to the Production task, where they could not improve their production 
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learning (Flege, 1995). Nevertheless, FDS participants, who were exposed to reduced /i - ɪ/ 

Euclidean distance as compared to NDS, produced instead wider /i - ɪ/ Euclidean distance 

than NDS participants. This leads to two important observations: a) the FDS production 

benefit does not simply derive from mirroring production of target phonemes; b) for Spanish 

listeners, duration cues are particularly relevant for learning the /i - ɪ/ contrast, and this affects 

vowel formant production as well.  

An important consideration is that the present study used an online method to collect 

participants’ responses. Several studies have addressed the question of whether online 

experiments provide reliable results and revealed that chronometric experiments for speech 

production can be implemented online without information loss (Anwyl-Irvine et al., 2020; 

Bridges et al., 2020; Fairs & Strijkers, 2021; Piazza, Kartushina et al. 2022; Vogt et al., 2021). 

Thus, we are confident in sustaining that the differences we found between speech register 

groups were genuine and not driven by the online setting. However, future research should 

run similar experiments in a laboratory to dispel any doubts that benefit derived from the 

exposure to FDS differ online and onsite.  

FDS does not induce changes in L2 sound phonetic boundaries (after short training) 

Lastly, we found that the effects of FDS exposure do not – at least in this study – 

change participants’ phonetic boundaries of the /i - ɪ/ and /ʌ - æ/ contrasts: phonetic 

boundaries did not become more native-like despite the improvement in both word recognition 

and production. In the Continuum discrimination task, we expected to find an adaptation of 

the phonetic boundaries for both continua (sheep-ship and cup-cap) in the FDS group’s post-

test. However, we did not find any difference between the two groups, nor between pre-test 

and post-test in both vowel continua. This means that the two groups did not significantly differ 

for initial perception of the two vowel contrasts, and that neither of the two changed their 

phonetic boundaries in the post-test. Previous research suggests that adaptation of phonetic 

boundaries can happen within a single experimental session (O. A. Drozdova et al., 2015; P. 

Drozdova et al., 2016), whereas other research points that longer exposure and experience 
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is needed (Reinisch et al., 2013). Our result aligns with the latter proposal. However, research 

reported that phonetic adaptation within a single experimental session is visible at the 

neurophysiological level (Grimaldi et al., 2014). We cannot exclude, therefore, that FDS 

induces phonetic adaptation after short training, but it is not detectable at the behavioural 

level, with the particular task and stimuli we used. Thus, further research (both using 

behavioural and neurophysiological methods) is needed to address this point. 

To summarise, this study provides new insights on the process of learning an L2 after 

exposure to FDS and makes a step forward to understanding the precise mechanisms 

involved in L2 teaching and learning. We found that FDS has an impact on learning L2 words 

for recognition and production, but (especially) production improvements depend on the 

relationships between the phonemes to be learned and learner’s L1 phonemic categories. It 

is important to underline that, in this study, participants were exposed to FDS (or NDS) for a 

very short period (< 2 hours); hence, it is probable that more benefits would derive from 

extended exposure to FDS (e.g., classroom teaching). These findings and future research on 

more prolonged exposure to FDS are fundamental to building models of L2 communication 

and learning. This research is particularly relevant given that communication between native 

and non-native speakers is becoming ever more frequent in our increasingly multicultural and 

multilingual societies.  

3.6. Conclusions 

The main goal of this chapter was to understand whether the exposure to Foreigner 

Directed Speech (FDS) promotes L2 learning, both in perception and production, as 

compared to Native Directed Speech (NDS). This study found that L2 learners (Spanish L1) 

exposed to English FDS were faster at recognizing novel words than L2 learners exposed to 

NDS. Also, the FDS group, but not the NDS group, was more accurate at recognizing words 

containing the /i - ɪ/ contrast than words containing the /ʌ - æ/ contrast. FDS seems to promote 

L2 listeners’ learning and recognition of L2 words. However, a single session was not 
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sufficient to induce phonetic boundary changes in any of the Register groups. In addition, the 

FDS group was found to be better at pronouncing the /ɪ/ vowel than the /i/ vowel and at 

producing separate /i - ɪ/ vowels than the NDS group. That suggests that FDS supports L2 

listeners’ production learning as well, but it depends on the relation between the sounds to be 

learned and the learner’s L1 phonemic inventory.  

Some aspects of FDS, which potentially support L2 perception, may be too subtle to 

be visible in a single experimental session using behavioural technique. One question that 

needs further investigation after this chapter’s experiment is whether L2 listeners’ perception 

and comprehension is supported by exposure to FDS. We will investigate subtle 

electrophysiological changes (EEG) in non-native listeners’ perception in the next chapter.  

FDS is used in everyday life interactions between native and L2 learners, and even in 

L2 classroom environments. Thus, it is fundamental to understand benefits of long-term 

learning in ecologically valid situations and with long-term exposure (e.g., longitudinal study). 

For this reason, in the next chapter we aimed to investigate FDS impact on continuous speech 

perception, with a naturalistic experiment.  

Supplementary material 

Material, data, experiment script, analysis code, and non-significant results can be 

found at https://osf.io/xtky5/?view_only=4ec02c26bd084296b088780811ebbb07. Instead, a 

list of the statistical formula can be found in Appendix 3.3. 

  

https://osf.io/xtky5/?view_only=4ec02c26bd084296b088780811ebbb07
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Chapter 4 - Does Foreigner Directed Speech support non-native 

listeners’ cortical tracking of speech? 

 

4.1. Introduction 

In the previous chapters of this thesis, we showed that FDS is a clear speech 

register that native speakers use when addressing non-native listeners of their language. 

We also described the features of this speech register, which are mainly low speech rate 

and an expanded vocalic space, known as vowel hyperarticulation. Low speech rate and 

vowel hyperarticulation respectively provide more time to parse speech and enhance 

detection of vocalic contrasts, which are assumed to promote L2 comprehension and 

learning (Biersack et al., 2005; Piazza, Martin, et al., n.d.; Uther et al., 2007). This aspect of 

FDS represents its didactic purpose, which is the speakers’ intention to adapt their speech 

to meet non-native listeners’ linguistic needs. On the other hand, previous studies exploring 

clarity and comprehension ratings have tried to assess FDS didactic impact, which is the 

actual effect on L2 perception, comprehension, and learning (see Chapter 1 for a definition 

of didactic impact and didactic purpose). Indeed, those studies suggested that FDS makes 

perception and comprehension better for non-native listeners, but not for native listeners 

(Bobb et al., 2019; Cooke & Lecumberri, 2012; Knoll et al., 2009; Uther et al., 2007). These 

findings supported the didactic impact of FDS for non-native listeners. But the experiment 

presented in Chapter 3 is – to the best of our knowledge – the first to directly assess FDS 

impact on non-native listeners’ L2 learning.  

Such experiments with controlled manipulations do not reflect listeners’ naturalistic 

exposure to L2 speech. In fact, it is unknown so far whether FDS also supports perception 

and comprehension of continuous speech. No studies have investigated the cognitive 

processes involved in listening to FDS by employing ecologically valid stimuli. Moreover, 

most studies that investigated FDS perception (with controlled manipulations) employed 
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behavioural experiments, which can only measure L2 processing when it is already 

concluded (but see Uther et al., 2012). Instead, using neuroimaging techniques (e.g., EEG), 

allows the exploration of this process as it unfolds. One way to do this with ecological 

validity is by using EEG to measure cortical tracking (CT) of continuous speech. In fact, 

efficient CT is linked to comprehension and clarity of speech (Ahissar et al., 2001; Ding & 

Simon, 2014; Etard & Reichenbach, 2019; Giraud & Poeppel, 2012). Such study would shed 

light on whether the phonetic features of FDS improve non-native listeners’ CT of speech, 

and on how non-native listeners process an L2. This research will contribute to the literature 

on perception of listener-specific speech adaptations and second language acquisition. To 

elucidate the neural mechanisms that underlie L2 perception, there is a need to assess the 

effect of speech registers (namely FDS) on neural measures that capture language cortical 

tracking. In the following section we review the main findings on CT in relation to speech 

perception and comprehension. 

4.1.1 Cortical tracking of speech  

When a complex neurocognitive process takes place, millions of cortical and 

subcortical neurons fire at the same time (Buzsáki & Draguhn, 2004). The results of this 

activation are what is known as neural oscillations, which are typically studied at various 

frequency bands (e.g., delta, <4Hz, and theta, 4-8Hz). Neural or cortical tracking happens 

when neural oscillatory activity synchronises with rhythmic fluctuations of exogenous stimuli 

(e.g., speech; Giraud & Poeppel, 2012). Speech is a source of acoustic regularities because 

it contains syllables and word boundaries (which create speech rate patterns). Cortical 

tracking of speech happens when the oscillations align to the temporal rhythm of, for 

example, the speech envelope (Obleser & Kayser, 2019). Speech envelope is the low-

frequency amplitude modulation of speech that carries acoustic information required for 

perceptual and linguistic encoding (Attaheri et al., 2022).  
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CT of speech is considered a marker of the underlying linguistic process during 

speech perception (Giraud & Poeppel, 2012; Luo & Poeppel, 2007; Meyer, 2018); in fact, 

some studies found that efficient cortical tracking derives from good comprehension of the 

linguistic message (Ahissar et al., 2001; Ding & Simon, 2014; Keitel et al., 2018; Peelle et 

al., 2013; Pérez et al., 2015; Riecke et al., 2018; for opposite finding see also Peña & 

Melloni, 2012). In addition, some findings suggest that CT of speech at low frequencies 

bands (delta and theta bands) subserve higher level linguistic information analysis (Meyer, 

2018; Molinaro & Lizarazu, 2018), correlates with abstract structure of language processing 

and its meaning (Ding et al., 2016), reflects word parsing (Kösem et al., 2016) and syllables 

segmentation (Oever & Sack, 2015). For example, Ding et al. (2016) sustain the existence 

of hierarchical structure building operations in language comprehension that is reflected on 

CT. Also, CT of speech has been linked to development of phonological skills by subserving 

temporal sampling of phrases, words, and syllables (Goswami, 2011; Goswami & Leong, 

2013).  

Moreover, there are some factors that are known to influence CT of speech. For 

example, language proficiency, clarity of speech (Etard & Reichenbach, 2019) and speech 

rate were shown to be reflected on CT in the low frequency bands (Kösem et al., 2018; 

Verschueren et al., 2022). Etard & Reichenbach (2019) assessed CT of speech clarity as a 

function of adding/removing background noise to speech. They found that clearer speech 

induced higher CT as compared to more noisy speech (especially in the theta band). 

Particularly relevant to our study, Verschueren and colleagues (2022) investigated (native) 

linguistic speech processing as a function of varying speech rate. Their findings revealed 

that cortical tracking (CT) decreased as the speech rate increased, indicating a link between 

the tracking of linguistic representations and the decline in speech comprehension. The 

above reported results suggest that CT is modulated based on speech processing and 

changes in quality of speech. So, if this is true, it should be possible to study the impact of 

FDS on CT. However, CT of FDS has never been investigated and it is unknown whether 



122 
 

exposure to FDS is associated with efficient CT of speech. Some analogies with previous 

studies can be used to further formulate hypotheses for this research. In the next section, 

we discuss these findings.  

4.1.2. Cortical tracking of FDS 

While the effects of FDS on CT have not been studied, we do have evidence of 

efficient CT in response to another speech register, Infant-directed speech (IDS), which is 

used to address infants and support their language acquisition (Kalashnikova et al., 2017; 

Kuhl, 1997; Trainor & Desjardins, 2002). IDS has similar acoustic features to FDS, with low 

speech rate and hyperarticulated vowels, which has been proposed to serve a linguistic 

function similar to FDS (Burnham et al., 2015; Kalashnikova & Burnham, 2018; see Chapter 

1, section 1.6.1 for a comparison between FDS and IDS). Research showed that infants 

prefer to listen to IDS and show higher CT of IDS as compared to adult directed speech 

(which is the equivalent of NDS) (Attaheri et al., 2022; Cooper & Aslin, 1990; Fernald, 1985; 

Kalashnikova et al., 2018; Menn et al., 2022).  

While acknowledging the inherent distinctions between adults and infants, the 

findings from studies exploring CT of IDS seem to indicate that listeners' CT is enhanced 

when listeners are exposed to speech registers specifically intended for them. These 

results, along with acoustic features and didactic function analogies drawn between IDS and 

FDS, suggest that non-native listeners may benefit in perceiving and tracking FDS. In fact, 

non-native listeners (but not native listeners) reported FDS to be clearer than other clear 

speech registers (Cooke & Lecumberri, 2012). This allows us to hypothesise more efficient 

CT of FDS than NDS in non-native listeners, who are the intended addresses of FDS.  

4.1.3. Temporal response function 

CT of speech can be investigated by employing the (multivariate) temporal response 

functions (TRFs; (Crosse et al., 2016; Di Liberto et al., 2018, 2021; Di Liberto et al., 2015) of 

the EEG oscillatory signal in response to continuous stimuli, usually within low-frequency 
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bands (<8Hz; Di Liberto et al., 2015; 2021). By doing so, it is possible to explore the cortical 

tracking of specific sets of features, such as register-specific acoustic features (Di Liberto et 

al., 2018). Typically, CT is studied on speech envelope, which reflects speech perception 

likely with the influence of various factors such as attention, engagement, and 

comprehension (Ding & Simon, 2014; Keitel et al., 2018). But TRF also allows the 

investigation of other abstract and non-acoustic speech features, such as semantic 

information, by building a semantic model of CT (Broderick et al., 2018, 2022; Klimovich-

Gray et al., 2023). For instance, Broderick et al. (2018, 2022) modelled TRFs with a 

computational model of how semantically surprising (and dissimilar) words were to their 

preceding context. They computed the linear mapping between this regressor and EEG data 

as the participants listened to narrative speech. The TRF-weighted EEG response showed a 

prominent centro-parietal negativity around 200-400ms comparable to the classical 

semantic N400. Instead, they did not find such an N400-TRF response for non-linguistic 

conditions like reversed speech (see also Broderick et al., 2022 for similar results). 

To summarise, it is possible to investigate whether listeners benefit from specific 

acoustic features for perceiving (envelope tracking) and understanding (semantics tracking) 

an L2. It is unknown so far whether CT of speech envelope and semantic surprisal in non-

native listeners is promoted by the exposure of FDS as compared to other speech registers. 

For this reason, we decided to run two experiments that are described in the next section. 

4.2. The present study 

FDS is a clear speech register that likely facilitates non-native listeners’ perception 

and comprehension as compared to other speech registers, such as NDS. Conversely this 

is not expected to facilitate speech processing in native listeners, as they have high 

proficiency, and they are not the intended addresses of FDS. To assess this assumption, in 

two experiments, we asked participants to listen to continuous speech in the form of 

storytelling while their EEG activity was recorded. During experiment breaks, participants 
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were asked questions about the content of the stories (comprehension questionnaire) so 

that we obtained behavioural data on comprehension as well. The stories were presented in 

three speech registers (FDS, NDS and Slow-NDS). Given that the differences in perception 

between FDS and NDS might arise from differences in their speech rates (FDS slower than 

NDS), and that speech rate affects CT, we decided to include the Slow-NDS condition, with 

the same features of NDS but with speech rate of FDS. This condition allowed us to 

disentangle the effect of speech rate and other acoustic features of FDS influencing 

participants’ L2 processing (and CT). FDS is assumed to enhance not only speech clarity, 

but also speech perception and (consequently) comprehension for L2 listeners (Bobb et al., 

2019; Piazza et al., 2022), whereas Slow-NDS enhances clarity only because it has slow 

speech rate, but no other acoustic features directed to support non-native listeners’ 

perception or comprehension. 

In experiment 1, the participant group was formed by non-native listeners of English 

(Spanish listeners, henceforth SL), with mid-low level of proficiency. In experiment 2, 

participants were native English listeners (henceforth EL). In both experiments, participants 

listened to three stories in babble noise, which simulated natural listening conditions for both 

native and non-native listeners, without compromising understanding. In addition to EEG 

recordings, we collected behavioural data through the comprehension questionnaire to a) 

assess the comprehension benefit derived from the exposure to each speech registers, b) 

check that none of the two experiments reached ceiling/floor effects. Hence, with 

experiment 1 we aimed to answer the following questions: does FDS promote non-native 

listeners’ cortical tracking of L2 speech? Does FDS promote non-native listeners’ L2 

comprehension? With experiment 2, we aimed to answer this question: Does FDS also 

promote native listeners’ speech perception and comprehension?  

Previous literature showed that FDS has specific acoustic features tailored to non-

native listeners' linguistic needs. Thus, in experiment 1, we expected the SL group to 

respond with higher accuracy to questions about FDS stories than NDS. SL were also 
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predicted to show more efficient cortical tracking, of both speech envelope and semantics, 

when exposed to FDS than NDS. This would be in line with the didactic impact assumption 

that FDS promotes L2 learning, including perception and comprehension (Piazza et al., 

2022). Slow-NDS was expected to show increased accuracy and CT compared to NDS 

because of its low speech rate that provides participants with more time to process speech 

and that was found to affect speech envelope CT (Kösem et al., 2018; Verschueren et al., 

2022). However, Slow-NDS was expected to show reduced accuracy and CT compared to 

FDS because it is not a register adapted to non-native listeners and it lacks the acoustic 

features of FDS (except for low speech rate). 

Conversely, in experiment 2, the EL group was expected to show increased 

envelope CT in both FDS and Slow-NDS as compared to NDS, which would reflect the 

effect of low speech rate (only) on CT of EL. Participants were not expected to benefit from 

any speech register in their comprehension, due to their native language proficiency. Thus, 

we did not expect any difference between speech registers in the questionnaire accuracy. 

Also, if speech rate does not affect CT of semantics too, semantic TRF for EL should not 

yield any difference between speech registers.  

4.3. Experiment 1 

4.3.1. Method 

In experiment 1, we tested native Spanish listeners on comprehension accuracy and 

CT of speech.  

4.3.1.2. Participants 

A total of 28 participants, aged between 18-35, were recruited to take part in 

experiment 1. They were non-native listeners of English (native speakers of Spanish), with 

mid-low proficiency in English (Spanish Listeners, henceforth SL; Mage = 22.8 y.o., SD = 

3.42, Female = 21). SL participants were tested for their English level in an individual 
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interview with an expert linguist, who assigned marks from 1.0 to 5.0 (1.0 = low; 5.0 = 

native-like). In the interview, fluency, vocabulary, grammar, and pronunciation were 

evaluated, and altogether concurred in the overall mark. We only recruited participants who 

obtained an overall mark between 1.0 and 3.0 (M = 2.96, SD = 0.34). Of the original SL 

sample, 2 participants were excluded due to technical problems and 1 due to very low 

comprehension score (4% of correct responses), leaving the final cohort to 25 non-native 

listeners. The experiment was carried out at the Basque Center on Cognition, Brain and 

Language (Spain). Before starting the experimental procedure, all participants signed an 

informed consent form approved by the BCBL Ethics Committee. Participants were paid 20 

euros for taking part in the study. 

4.3.1.2. Material 

Ecologically valid stimuli, represented by continuous speech streams, were 

employed in this study (see Supplementary material for stimuli and data availability). 

Speech streams were recorded by a female native speaker of British English in the form of 

storytelling. Each story was recorded in the two speech registers (NDS and FDS) and then 

adapted to create the Slow-NDS register. In line with previous literature (Piazza et al., under 

review, Uther et al., 2007), FDS stories were pronounced with wider vocalic area (-30%) and 

lower speech rate (-30%) than the NDS stories. The Slow-NDS register was created by 

using dynamic time warping (Müller, 2007), which kept the acoustic features of the NDS 

stimuli constant but matched speech rate of the NDS stories to the speech rate of the FDS 

stories. This technique aims to find the optimal alignment between two time-dependent 

sequences, which are warped in a nonlinear fashion to match each other. Duration of FDS 

and Slow-NDS stories was  ~15 minutes, conversely duration of NDS stories was ~11 

minutes, due to higher speech rate. This option was adopted to maintain the same content 

for the three stories. English multi-talker babble noise (Krishnamurthy & Hansen, 2009) was 

added to all the stories (+16 dB SNR) to simulate natural listening conditions. Babble noise 

level was chosen after an online pilot study that identified this level of noise as adapt to 
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avoid floor effect for SL in experiment 1 (and ceiling effect for EL in experiment 2). Babble 

noise was created in MATLAB 2014b with a custom script by mixing continuous speech 

streams of 8 British English speakers (4 females). 

Amplitude Modulation Spectrum analysis (Goswami et al., 2002, 2010; Pérez-

Navarro et al., 2022) revealed that FDS was characterised by local temporal organisation 

with amplitude modulation bands aligning mostly along the delta frequency band at   ̴3 Hz 

(see Figure 18). Slow-NDS was pronounced with similar amplitude modulation at   ̴3 Hz, 

whereas NDS was mostly aligned   ̴4.2 Hz. All speech registers rapidly decreased their 

power (dB below 0) at higher frequency-bands than theta. 
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Figure 18. Amplitude Modulation Spectrum of the experimental stimuli by the three speech registers 
(FDS = Foreigner Directed Speech, NDS = Native Directed Speech, Slow-NDS = Slow-Native 
Directed Speech).  

 

4.3.1.3. Equipment 

Electroencephalography (EEG) data were recorded using a 64 Ag-AgCl electrodes 

standard setting (two actiCAP 64-channel systems, Brain Products GmbH, Germany). 

Electrode impedance was always kept below 15 kΩ, being below 10 kΩ in the large majority 

of the electrodes across participants. The EEG signal was amplified (BrainAmp DC, Brain 

Products GmbH, Germany), bandpass filtered between 0.05 and 500 Hz, digitised using a 

sampling rate of 1000 Hz and online referenced to the left earlobe. Psychopy 2021 (2.3; 

Peirce et al., 2019) was employed to present the stimuli and send triggers. Triggers were 

sent to indicate the start of each trial with contingent stimulus presentation and ensure 

synchronisation with EEG recordings.  

4.3.1.4. Procedure 

All EEG data were collected in a dimly lit and sound-proof booth. Stimuli were 

presented at a sampling rate of 44100 Hz, monophonically, and at a comfortable volume 

from Xiaomi Hybrid Mi In-Ear Pro HD headphones. Participants were asked to listen 

attentively to three stories while EEG signal was recorded. They were asked to sit calmly 

and upright while looking at a fixation cross, which was presented on the centre of a 

computer screen right in front of them (at ~80 cm of distance from their eyes). During the 

experimental session, participants were presented with one story per speech register, with 

counterbalanced order across participants. To avoid any effects derived from specific 

relations between stories and speech registers (e.g., a certain story is more 

interesting/easier to understand), each story was presented in all the speech registers 
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across participants (with counterbalanced story-register association). The continuous 

narration of each story was divided into five shorter blocks of ~3 minutes each. At the end of 

each block, participants were asked 5 comprehension questions (15 questions per story, 45 

questions in total). Experimental sessions lasted ~2 hours including preparation and testing. 

4.3.2. Analysis 

4.3.2.1. Behavioural data 

Behavioural data were analysed to identify and discard those participants with very 

low accuracy, who did not pay a sustained level of attention throughout the experiment or 

who had very low English proficiency (they could not understand most of the stories). In 

addition, accuracy based on responses to the questionnaire was used as a proxy of 

participants’ comprehension. Each question could be scored a finite number ranging 

between 0 to 1, which respectively represented wrong and correct answers. Most questions 

required to list multiple answers, which together summed 1 (see Supplementary material for 

a complete question list). If participants could recall only part of the possible answers (e.g., 

1 out 4 elements) for a completely correct answer, they got a fraction score of 1 (e.g., 0.25 

points; since 0.25 x 4 = 1).  

4.3.2.2. EEG pre-processing 

EEG signal analyses were performed on MATLAB (MathWorks, 2021b), using 

custom scripts, Fieldtrip toolbox functions (Oostenveld et al., 2011) and the mTRF toolbox 

(Crosse et al., 2016). Offline, the data were resampled to 100 Hz and band-pass filtered 

between 1 and 8 Hz with a Butterworth zero-phase filter (order 2+2). Channels with variance 

3 times larger than the channels median variance were rejected by using the mTRF-toolbox 

in MATLAB (Crosse et al., 2016). Channels contaminated by noise were recalculated by 

spline interpolating the surrounding clean channels in EEGLAB (Delorme & Makeig, 2004). 

We had planned to discard from the analysis participants with more than 30% of rejected 
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data or more than 4 contaminated electrodes, but no participants were discarded for these 

reasons. 

4.3.2.3. EEG analysis 

We investigated CT of the speech registers by using a filter that describes the linear 

transformation of the ongoing stimulus to the ongoing neural response, known as temporal 

response function (TRF; Figure 19). A given stimulus input at time 0 affects the neural signal 

in the following time windows. TRF measures the linear relationship between such an input 

and the neural response. In this case, TRFs were fitted to describe the linear mapping 

between speech features and EEG oscillatory activity within a given time window of interest 

for each EEG channel (Lalor et al., 2009). For describing how speech features in each 

speech register are tracked in EEG signal, we used a (m)TRF model that calculated the 

linear mapping between the stimulus features and EEG response vectors. This was done by 

means of regularised linear regression (Crosse et al., 2016), which is used to estimate a 

filter that predicts neural response from the stimulus features (forward – or encoding – 

model). Such a regression includes time-shifted versions of the stimulus features to test 

various lags at the same time. A ridge regularisation was included in the TRF model 

estimation to find the best regularisation parameter (λ). Ridge regularisation is a method to 

estimate the coefficients of multiple-regression models in dependent variables suffering from 

multicollinearity (Crosse et al., 2016). 

 

Figure 19.  Taken from Di Liberto et al. (2021). Investigating the cortical encoding of speech 
registers with the temporal response function (TRF) analysis framework. Multichannel EEG signals 
were recorded as participants listened to audio stories in the three speech registers. 
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In order to train and validate the model, continuous EEG signal was split into folds of 

equal length. The leave-one-out cross-validation procedure was employed to verify the 

reliability of the TRF models. The encoding model was trained in n-1 folds and tested in the 

remaining one, repeating this process for 30 iterations per fold. This method quantified the 

EEG prediction correlation on unseen data based on the remaining EEG fitted data (Crosse 

et al., 2016). Each iteration provided a prediction correlation coefficient (r-value) between 

each feature and the EEG response (per channel). The prediction correlation coefficient is 

the estimate of how good an EEG signal encodes or tracks the stimulus speech feature 

added in the model as a regressor (e.g., speech envelope or semantic surprisal). R-values 

of 1 would represent perfect correspondence between EEG signal and TRF features, 

whereas r-values of 0 indicate no correlation whatsoever. It is important to stress that the 

prediction correlation values (Pearson’s r) were extracted from the EEG signal, which is 

inherently noisy. That is, prediction correlation values have low values that are around ~ 0.1 

yet being significant and informative (Di Liberto et al., 2015, 2021).  

4.3.2.4. Tracking of speech features 

By means of separate TRF models, we tested two speech representations: speech 

envelope and semantic surprisal in each story were used as regressors. This process 

provided us with speech register-level estimations of EEG prediction correlations. These 

reflected the brain oscillatory response to such features for every participant in the dataset.   

For the speech envelope feature, we used a TRF model that included the amplitude 

envelope of speech between 1–8 Hz that was then extracted (Hilbert transform). In this 

case, the time window used to fit the TRF model was -200 – 600ms because previous 

research considered this lag to contain most relevant EEG responses to speech and its 

acoustic features (Broderick et al., 2018; Klimovich-Gray et al., 2023). 
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Conversely, for investigating tracking of semantic surprisal, we first calculated its 

values as the negative logarithmic probabilities extracted from the Generative Pre-trained 

Transformer 2 (GPT-2). GPT-2 calculated the probability of the upcoming words of each 

sentence of the stories, given the previous context. GPT-2 is a model pre-trained on a large 

corpus of English data in a self-supervised fashion. Surprisal values were then added in a 

time-distributed vector in correspondence of each word onset (t = 0) of all the stories (see 

Figure 20). The same alignment was done for word onset regressor, by putting ones (one 

hot encoding) in correspondence of word t = 0. We fitted a multivariate TRF that included 

semantic surprisal values and word onset information and a TRF that included word 

information only. Then, we subtracted prediction correlations of the univariate model to the 

multivariate model. This was done to get rid of the confounding factor derived from word 

acoustic boundaries and isolate the impact of the semantic surprisal on the EEG response. 

After that, we ran a one-sample t-test to assess whether the remaining r-values were 

significantly greater than zero (see the results section). We then used these remaining 

values to investigate the semantic tracking differences across the three speech registers. 

The time window considered for these models was -200 – 700ms, because previous 

literature showed that semantic processing and surprisal (especially in L2 listeners) 

emerges with long latencies TRFs (Broderick et al., 2018; Di Liberto et al., 2021; Klimovich-

Gray et al., 2023).  Although TRF was modelled on the wider window, in previous research 

a 300-700ms lag was used to detect the N400-like response (Klimovich-Gray et al., 2023), 

which is associated with semantic processing. In the present study, the semantic mTRF was 

built on the whole -200 – 700ms window but the prediction correlation was cross-validated 

only in the 300-700ms lag to further get rid of the response to acoustic boundaries of words. 

Indeed, semantic surprisal vectors were aligned with word onsets, so that prediction 

correlation calculated on the whole window would include early acoustic response, not only 

semantic processing.  
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Figure 20. Semantic surprisal information was extracted from the stimulus and 
encapsulated into data vectors and matrices. Regularised linear regression was used to identify a 
linear fit that optimally predicted the EEG signal from features.  

 

4.4. Statistical analysis 

To assess the effect of Speech register, statistical analyses were performed using 

linear mixed (lme) effect models including effect of Speech register and participants (and 

electrodes for EEG data) as random effect (see Appendix 4.1 for a list of statistical models). 

For behavioural data (comprehension scores) the effect of Speech register was tested by 

fitting generalised linear mixed effects (glme) models with logit family. To determine 

significance of the models we used the type II Wald chi-square tests included in the CAR 

package (Fox, 2015; Fox & Weisberg, 2019). For post-hoc analyses, we used the emmeans 

package with Tukey HSD correction for multiple comparisons. 

4.5. Results 

Due to the features of FDS, SL were expected to show increased CT of FDS as 

compared to the other two speech registers, and higher in Slow-NDS than NDS. This was 

             

(e.g.) …there's a big parade through the city with crowds of happy people… 
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predicted to be reflected in higher comprehension scores and prediction correlations (both 

envelope and semantic surprisal TRFs) in FDS than Slow-NDS, followed by NDS. 

4.5.1. Comprehension scores 

 

The glme final model revealed a significant effect of Speech register on SL’s 

comprehension accuracy (χ2 = 34. 685, p < .001). Post-hoc analysis indicated that SL had 

higher comprehension scores in FDS than NDS (z = 4.793, p < .001) and Slow-NDS (z = 

5.318, p < .001), whereas the latter two did not significantly differ (z = 0.530, p = .857; see 

Figure 21).  
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Figure 21. Spanish listeners group. Comprehension score by Speech Register (FDS = 
Foreigner-Directed Speech, NDS = Native-Directed Speech, Slow-NDS = Slow–Native-Directed 
Speech). Bars indicate SEM. Asterisks indicate significant differences (*p <.05, **p < .01, ***p < 
.001). 
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4.5.2. TRF results: Envelope model 

The final model for the Envelope regressor yielded a significant effect of Speech 

register (χ2 = 276.630, p < .001). Post-hoc analysis revealed that EEG prediction 

correlations were higher when SL listened to FDS as compared to NDS (z = 9.482, p < .001; 

see Figure 22) and Slow-NDS (z = 16.575, p < .001), with NDS yielding higher r-values than 

Slow-NDS (z = 7.092, p < .001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22. Spanish listeners group: Envelope. EEG prediction correlation scores 
(Pearson’s r) of the Envelope model, by Speech Register (FDS = Foreigner-Directed Speech, NDS = 
Native-Directed Speech, Slow-NDS = Slow–Native-Directed Speech). (A) Topographical 
representation of the prediction correlations (averaged across participants). (B) Box & raincloud plots 
of the r-values distribution. Lines in the boxplots represent means. Asterisks indicate significant 
differences (*p <.05, **p < .01, ***p < .001). 
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4.5.3. mTRF results: Semantic surprisal model. 

We tested the r-values difference between the multivariate model (semantic surprisal 

+ word onset) and univariate model (word onset) against 0 and we found that the remaining 

r-values were significantly greater than 0 (t = 2.103, df = 4799, p < 0.018). This suggests 

that semantics was tracked to some extent by the EEG response. Such r-values were used 

in the LME analysis to test the differences between speech registers. 

The final LME model for Semantic surprisal did not yield a significant effect of Speech 

register (χ2 = 0.152, p = .927), suggesting that there was no significant semantic tracking 

improvement when participants listened to any speech register (see Figure 23).            

Figure 23. Spanish listers group: Semantic surprisal. Mean r-value differences 
between the multivariate TRF (word onset + semantic surprisal) and univariate TRF (word 
onset) models by Speech registers. 

 

 

4.6. Discussion of Experiment 1 

In this experiment we aimed to understand whether FDS promotes L2 perception 

and comprehension as compared to other speech registers. Here, Spanish listeners, novice 

learners of English, listened to three stories pronounced in FDS, NDS, and Slow-NDS, while 

their EEG activity was recorded. They also answered questions about the content of the 
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stories as a proxy of language comprehension. We discuss the results for the three 

dependent variables we analysed in the following paragraphs. 

We employed the (multivariate) temporal response function technique to measure 

cortical tracking of two speech features - envelope and semantics - in the three speech 

registers. In line with our hypotheses, participants showed higher EEG prediction 

correlations when they listened to FDS than NDS. This suggests that FDS promotes L2 

processing for non-native listeners as compared to NDS. Conversely, we expected more 

efficient CT in Slow-NDS than NDS due to lower speech rate, which previous research 

found to affect CT (Kösem et al., 2018; Verschueren et al., 2022), but we actually observed 

the opposite effect. Such an unexpected result pattern could be due to the fact that low 

speech rate, if not accompanied by other acoustic features tailored to the listener (as in 

FDS), is detrimental for non-native listeners’ perception. 

Conversely, we did not find straightforward and objective evidence that FDS 

promotes L2 comprehension. In fact, in line with our hypothesis, participants responded with 

higher accuracy to questions about the FDS stories than stories in the other two registers. 

This suggests that non-native listeners benefitted from the exposure to FDS in their 

comprehension. However, questionnaire results can be affected by factors such as 

attention, engagement, and memory (Boyle, 1984; Hamouda, 2013). With this behavioural 

measure it was not possible to disentangle the comprehension advantage that led to higher 

accuracy scores from other factors. For this reason, we had decided to run an mTRF to 

measure the CT of semantic surprisal. Although we found evidence of semantic tracking 

(multivariate - univariate model difference was significantly greater than 0), we failed to 

detect any modulation of this across speech registers. This suggests that there was no 

comprehension improvement in any register. Thus, the accuracy improvement observed in 

the FDS condition is likely linked to other factors than pure comprehension benefit. For 

instance, perception was found to be boosted by FDS, this may have induced FDS stories 

to be more engaging, so that participants paid more attention to them.  
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We still cannot exclude that those results derive from the overall clarity of FDS, 

which would support both native and non-native listeners’ speech perception, not just non-

native listeners’. We argue that the fact that FDS is oriented to non-native listeners is the 

key point in this observed benefit, pointing at a link between FDS and non-native listeners. 

To rule this out, in experiment 2 we investigated whether such an FDS comprehension 

benefit is present in native listeners as well. 

 

4.7. Experiment 2 

 

In experiment 2 we tested whether the advantage originated from the exposure to 

FDS observed in the first experiment extended to native listeners.  

4.7.1. Methods 

4.7.1.2. Participants 

Nineteen native speakers of English (English Listeners, henceforth EL; Mage = 21.40, 

y.o., SD = 2.50, Female = 4) were recruited to take part in the Experiment 2 and were tested 

at Trinity College Dublin (Ireland). One participant was excluded due to a technical error, 

leaving the final cohort to 18 participants. Of these, 16 were native listeners of Irish English 

and 2 of American English. Before starting the experimental procedure, all participants 

signed an informed consent form approved by the Trinity College Dublin Ethics Committee. 

Participants were paid 20 euros for taking part in the study. 

4.7.1.3. Material 

The stimuli employed for experiment 1 were also used for experiment 2. It is worth 

noting that the stories were recorded by a British English native speaker to make them more 

understandable to the SL (tested in experiment 1). This meant that English native listers (EL 
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group) in experiment 2 were exposed to regional-accented speech. However, their 

understanding was likely not affected by that (see Results section). 

4.7.1.4. Equipment 

Data were acquired with a 64-channel device at a rate of 1024 Hz using an 

ActiveTwo system (BioSemi B.V., Netherlands). An additional external electrode was placed 

on participants’ left earlobe for offline referencing. As for experiment 1, Psychopy 2021 (2.3) 

was employed to present the stimuli and send triggers.  

4.7.1.5. Procedure 

The same procedure employed for experiment 1 was followed for experiment 2. 

4.8. Analysis  

The exact same pre-processing and analysis of experiment 1, both for behavioural 

and EEG data, were conducted on the EL data of experiment 2. Also, the same TRF models 

and speech feature representations as in experiment 1 were employed to investigate the 

effect of FDS on native listeners’ speech perception. Even though all these steps 

overlapped between experiment 1 and 2, two separate analyses were conducted because 

data were collected in two different laboratories and with different EEG recording systems 

(Brainvision and Biosemi).  

 

4.9. Results 

EL participants were expected to show close-to-ceiling performance in 

understanding all stories, that is, they were not expected to benefit from the exposure of any 

speech register in their comprehension accuracy and tracking of semantic surprisal. Also, 

EL participants were predicted to show increased CT of FDS and Slow-NDS envelope as 
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compared to NDS envelope due to lower speech rate4 (Kösem et al., 2018; Verschueren et 

al., 2022). 

4.9.1. Comprehension scores 

The glme final model did not reveal a significant effect of Speech register (χ2 = 1. 

589, p = .452), suggesting that EL’s comprehension did not benefit from exposure of any 

speech register (see Figure 24).  
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Figure 24. English listeners group. Comprehension score by Speech Register (FDS = 
Foreigner-Directed Speech, NDS = Native-Directed Speech, Slow-NDS = Slow–Native-Directed 
Speech). Bars indicate SEM.  

 

4.9.2. TRF results: Envelope model 

The final model for the Envelope regressor yielded a significant effect of Speech 

register (χ2 = 12.040, p = .002). Post-hoc analysis indicated that prediction correlations were 

higher when EL where exposed to NDS than FDS (t = 2.793, p = .027) and Slow-NDS (t = 

 
4 Those were the original hypotheses before running experiment 1. 
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3.117, p = .004), and no difference between the latter two (t = 0.384, p = .922; see Figure 

25).  
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Figure 25. English listeners group: Envelope. EEG prediction correlation (Pearson’s 
r) score of the Envelope model by Speech Register (FDS = Foreigner-Directed Speech, NDS = 
Native-Directed Speech, Slow-NDS = Slow–Native-Directed Speech). (A) Topographical 
representation of the prediction correlations (averaged across participants). (B) Box & raincloud plots 
of the r-values distribution. Lines in the boxplots represent means. Asterisks indicate significant 
differences (*p <.05, **p < .01, ***p < .001). 

 

4.9.3. mTRF results: Semantic surprisal model. 

We tested the r-values difference between the multivariate model (semantic surprisal 

+ word onset) and univariate model (word onset) against 0 and we found that the remaining 

r-values were significantly greater than 0 (t = 4.996, df = 3263, p < .001). This suggests that 

semantics was tracked to some extent by the EEG response. Such r-values were used in 

the LME analysis. For EL, the model for the Semantic surprisal regressor did not yield a 

significant effect of Speech register (χ2 = 4.108, p = .128), suggesting no differences across 

conditions (see Figure 26).  

 

Figure 26. English listers group: Semantic surprisal. Mean r-value differences 
between the multivariate TRF (word onset + semantic surprisal) and univariate TRF (word 
onset) models by Speech registers. 

 

4.10. Discussion of Experiment 2 
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With this experiment we aimed at understanding whether the benefit in processing 

and understanding FDS observed in the English learner group was also present in native 

English listeners. This would suggest that FDS is just a clear speech register that has no 

special status in supporting specifically non-native listeners’ perception and comprehension.  

We investigated participants’ speech processing by calculating an envelope TRF 

model, which yielded higher prediction correlations when participants were exposed to NDS 

than FDS and Slow-NDS. This was in contrast with our hypotheses because we expected 

an effect of low speech rate, with more efficient CT of FDS and Slow-NDS (with no 

difference) than NDS. Instead, the opposite pattern emerged, hinting again (as in 

experiment 1) that speech rate did not affect native listeners’ CT. Those results are also in 

line with experiment 1 because higher prediction correlations were associated to NDS, the 

speech register that a) ELs are more exposed to on a daily basis and b) for which ELs are 

the intended addressees. Also, this confirms that native listeners do not rely on FDS 

features to boost perception. 

As for the SL group (experiment 1), here we also investigated whether FDS induces 

better understanding as compared to the other speech registers. To answer this question, 

we used two comprehension measures: a comprehension questionnaire and mTRF in 

response to semantic surprisal. In line with our predictions, ELs did not show benefit in any 

of the three speech registers for comprehension accuracy, this null effect not being due to  

ceiling effects. Congruently, prediction correlations did not show differences across speech 

registers either, which again suggests no comprehension benefit in any register. This is in 

line with their native proficiency in English.  

4.11. General Discussion on Experiment 1 and 2 

As reported in the previous chapters, in comparison with NDS, FDS is assumed to 

support various aspects of L2 acquisition, such as improving L2 perception and 

comprehension. However, to date it was unknown whether FDS promotes non-native 
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listeners’ cortical tracking of L2 speech, suggesting processing benefits, and whether FDS 

promotes L2 comprehension as well. Also, research on L2 processing has never assessed 

non-native listeners’ perception in any register but NDS, which is not directed to low 

proficient L2 listeners. This represents a limitation to the generalisation of how L2 is 

processed in a naturalistic context. To shed light on whether FDS promotes non-native 

listeners’ perception and comprehension, we conducted two EEG experiments: one with 

non-native listeners and one with native listeners of English. In the following, we describe 

the implications of these findings and provide a general discussion. 

Remarkably, for speech perception, we observed different patterns of results in the 

two groups of participants. For SL (experiment 1), we found a more efficient envelope CT of 

FDS than NDS, whereas EL (experiment 2) showed a more efficient envelope CT of NDS as 

compared to FDS. This result has twofold implications. First of all, we found that non-native 

listeners’ perception was indeed promoted by the exposure to continuous streams of FDS. 

This is the first time that the benefit of FDS in the form of continuous and naturalistic speech 

is assessed. Importantly, such an advantage is not extended to native listeners’ perception. 

This leads to the second implication: here, we provide compelling evidence that listeners' 

envelope CT is enhanced when exposed to speech registers specifically intended for them. 

Thus, this finding indicates that speech accommodation affects the intended listeners’ 

neural encoding and perception of speech. This highlights the importance of considering the 

relationship between speech register and target audience when investigating L1 and L2 

processing and building models of speech communication.  

On the other hand, we expected to observe an effect of speech rate in both 

experiments, with Slow-NDS showing increased CT as compared to NDS. We added this 

condition to disentangle the effect of speech rate from the features tailored to the intended 

addressees. Regarding SL, Slow-NDS yielded lower prediction correlations than NDS and 

FDS. It is possible that Slow-NDS did not reflect natural exposure to L2, as non-native 

listeners are usually exposed to either NDS (e.g., TV shows) or FDS (e.g., live interactions), 



145 
 

but not to Slow-NDS. This could have induced higher CT in NDS than Slow-NDS in the first 

experiment. However, just by looking at this result, one could argue that this effect is due to 

Slow-NDS sounding unnatural. If this was the case, this same result should hold true for 

native listeners too. However, the pattern of experiment 2 does not point in that direction: 

ELs did not show significant differences between FDS and Slow-NDS. Even though ELs are 

never exposed to either FDS or Slow-NDS, they are likely able to adapt to slow speech due 

to their native proficiency, without hindering their speech perception. Conversely, as 

discussed above, non-native listeners may have difficulty at processing low speech rate if 

not supported by other features adjusted to their L2 proficiency. At the same time, our 

results probably do not reflect a mere amount of exposure in one particular speech register. 

In fact, nowadays non-native listeners’ exposure to English NDS is more common (e.g., TV 

shows) than exposure to FDS, which is limited to few occasions (e.g., classroom 

environment), because native listeners often do not employ FDS to address them (see 

Rothermich et al., 2021 for a description of this phenomenon in the USA). Also, some 

research found that higher amounts of exposure negatively affect envelope CT (lower CT; 

Perez-Navarro et al., in preparation). Thus, if anything we should have observed lower CT in 

the more familiar condition; but this was not the case. This does not exclude that amount of 

exposure plays some roles in speech perception, but it is unlikely that it drove the effect we 

observed.  

To summarise, the special relation between speech register and intended listeners is 

fundamental for boosting speech perception, and amount of exposure does not seem to 

explain such an effect. This finding is important as a starting point for future research on 

communication tailored to interlocutors. Communication is not fixed, it is not the same for all 

listeners, and language communication is a dynamic relationship between speaker and 

listener that cooperate to keep communication successful.  

We also aimed to understand whether FDS enhances comprehension as compared 

to NDS, and whether this happens only for non-native listeners. We found that SLs had a 
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higher accuracy score in FDS as compared to the other registers, whereas ELs did not 

show accuracy differences across registers. The comprehension score indicates an FDS 

comprehension benefit for non-native listeners only. However, as already discussed, this 

could be driven by perception (envelope tracking), or engagement and attention, instead of 

reflecting simple comprehension benefits (Boyle, 1984; Hamouda, 2013). To further deepen 

this aspect, we investigated CT of semantic surprisal. With this analysis, in both 

experiments, we failed to find a modulation of encoding of semantic information in any 

register. One could ask why there was an improvement in non-native listeners’ FDS 

accuracy score then. It is possible that the FDS benefit was only perceptual/attentional. That 

is, we argue that perception improvement (efficient CT) in the SL group led to higher 

accuracy scores because they relied on perceptual cues given their low L2 proficiency. 

Conversely, although EL perception was boosted by NDS, their ability to respond correctly 

to content questions was not affected due to their native proficiency. 

4.12. Limitations and future directions 

The experiment 2 employed native speakers of other English varieties but the British 

English accent. Even though they are likely less frequently exposed to this accent than their 

own, they showed more efficient CT of NDS than the other registers. We do not think that 

this negatively affected our results. In fact,  ELs' accuracy score was high ( ̴ 80%) and, given 

the proximity between Dublin and England, contact with that accent is quite frequent. 

However, future research should investigate native listeners’ perception of NDS in their own 

accent. 

Another aspect of our study warrants a side note. It is worth highlighting that our 

approach to investigating semantic tracking may have hindered the actual speech registers’ 

effect because of being too conservative. In fact, TRF of word onset contains some 

semantic information that is subtracted from the multivariate model (word onset and 

semantic surprisal). Hence, future analysis should use another way to isolate the effect of 
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semantic encoding. For instance, it is possible to use the EEG response weighted on the 

multivariate model, which allows separate responses to word onset and semantic surprisal. 

This will permit the measurement of the N400-mTRF response across speech registers, 

which is associated with semantic tracking (Broderick et al., 2018, 2022). At the moment we 

are working on extracting this measure from our data.4.13. Conclusion 

This study on cortical tracking of speech showed that FDS supports non-native 

listeners’ speech perception, whereas natives’ perception was boosted by NDS. This study 

highlights the importance of considering the speech register's target audience and 

demonstrates the differential effects of FDS and NDS on language processing in both non-

native and native listeners. Overall, this research sheds light on the role of FDS in 

supporting speech perception in non-native listeners. This study indicates that the speech 

register employed significantly impacts the degree to which listeners engage and process 

the speech information, highlighting the importance of considering the intended addressees 

when selecting a speech register. The findings have implications for language learning and 

teaching, emphasising the significance of tailoring language input to the intended audience. 

Supplementary material 

Material, data, experiment script and analysis code can be found at 

https://osf.io/ba3p4/?view_only=960986158dd94b92b3b31cca1839b58f. Instead, a list of 

the statistical formula can be found in Appendix 4.1. 

  

https://osf.io/ba3p4/?view_only=960986158dd94b92b3b31cca1839b58f
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Chapter 5 – General discussion 

 

The focus of this dissertation is Foreigner Directed Speech (FDS), the speech 

register directed to non-native listeners. We explored FDS from the perspective of both 

production and perception, from speakers’ speech adaptation to listeners’ cortical tracking of 

FDS. With this work, we aimed at providing a well-rounded investigation on this 

understudied phenomenon, which has potential implications for several research fields 

related to language. The first and more straightforward implication of this research is its 

contribution to providing new methods and instruction for teaching a second language. This 

dissertation also provides useful insight for building new and more appropriate models of 

speech communication and production, and of L2 processing. In fact, in the previous 

chapters, the importance of the relationship between interlocutors and their collaboration for 

successful communication became evident. This aspect is likely a constant in everyday life 

communication, and for this reason this should be accounted for in communication models. 

In addition, most research on L2 perception focuses on standard registers (like Native 

Directed Speech), forgetting about the social factor and communicative intention of 

language interactions. 

To study all these aspects related to FDS, in the first chapter, we started by defining 

the features of FDS and open questions on the production and perception sides. On the 

production side, we developed a production experiment to study how FDS is adjusted to 

communicative goals, which was described in the second chapter. As for the perception 

perspective, we developed 3 experiments to understand whether non-native listeners 

benefit from exposure to FDS in learning L2 novel words (both in production and 

recognition), in perceiving and comprehending an L2. These questions were investigated in 

chapters 3 and 4. In this section, we will first summarise the findings of the 4 experiments 

presented in this dissertation, then we will connect the implications of the findings with each 
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other and relate them to the theory. We will then draw some conclusions indicating possible 

future directions.   

5.1. Summary of the findings 

In chapter 2, we investigated whether speakers adjust FDS and its acoustic features 

depending on their communicative goals and the listeners' profiles (i.e., native vs. non-

native). We recorded native Spanish speakers naming novel objects to aid listeners’ 

performance in comprehension, pronunciation, and writing tasks. Each speaker interacted 

with a native (NDS condition) and a non-native Spanish listener (FDS condition). Across the 

various acoustic features we considered in this experiment, we found that speakers 

dynamically adjust their speech to adapt to the communicative goals and their listeners’ 

linguistic profile. We also found some evidence in support of differential adaptation of 

phonetic cues, which deliver linguistic information, and acoustic cues, which enhance 

salience of relevant parts of speech, without providing linguistic information. That is, 

speakers seem to intuitively adjust phonetic cues and acoustic cues to guarantee successful 

communication. These results support the didactic function assumption of FDS and extend 

its use to Spanish speakers. 

In chapter 3, we investigated whether the exposure to FDS promotes L2 learning, 

both in perception and production, as compared to NDS. Spanish participants were asked to 

learn novel English words in an online experiment. Participants were divided in two groups: 

one being exposed to FDS and one to NDS. They carried out three tasks: a) Recognition 

task, b) Production task, and c) Continuum discrimination task. In a) participants were 

presented with novel objects and their auditory labels (e.g., "This is a deest") produced in 

FDS or NDS. Growth curve analyses showed that the FDS group recognized novel words 

faster and learned words containing a certain vowel contrast (/i - ɪ/) better than the NDS 

group. Also, FDS group’s production for that same vowel contrast was more accurate than 
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the NDS group. These findings support the didactic assumption of FDS, which should be 

considered in L2 teaching models. 

In the appendix of this chapter, we also reported the results of a preliminary study that 

served as stimuli for the main experiment (Appendix 3.1). In this study, we demonstrated that 

speakers adjusted FDS by stressing the duration difference between vowels /I/ and /i/, 

whereas they reduced cues related to formants (formant Euclidean distance between vowels). 

On the contrary, formant distance was enhanced  when addressing native listeners. This 

suggests that English FDS directed towards Spanish listeners was adjusted in a way that 

accommodated listeners’ sensitivity and enhanced recognition of certain acoustic cues, 

namely durational cues. In fact, previous literature found Spanish listeners to be more 

sensitive to duration than spectral cues (Escudero, 2001). 

In chapter 4, we conducted two experiments to investigate whether FDS promotes non-

native listener’s cortical tracking (CT) of speech. In the first experiment, we recorded the EEG 

activity of Spanish participants listening to continuous English speech in FDS, NDS, and Slow-

NDS. We investigated CT of speech by using a filter that describes the linear transformation 

of the ongoing stimulus to the ongoing neural response, known as temporal response function 

(TRF). Here we found higher CT of FDS as compared to NDS followed by Slow-NDS, which 

suggested that non-native listeners’ perception benefits from exposure to FDS. The second 

experiment employed the same procedure and material but tested native listeners to explore 

whether this FDS benefit expanded to native listeners. In this case we found higher CT in 

NDS as compared to the other conditions. Thus, FDS supports non-native listeners’ speech 

perception, whereas native listeners’ perception was boosted by NDS. Such results highlight 

the importance of considering the speech register's target audience and demonstrates the 

differential effects of FDS and NDS on language processing in both non-native and native 

listeners. Overall, this research sheds light on the role of FDS in supporting speech perception 

in non-native listeners.  



151 
 

5.2. Theoretical implications of the results  

 

Production and communication  

In this dissertation, we measured a large set of acoustic features to understand 

whether those can be adjusted to the listener's linguistic profile and communicative goals. In 

chapter 2, we indeed found that speech is adjusted in a way that accommodates listeners' 

linguistic profiles and communicative goals of the interaction. In the preliminary study 

reported in the appendix of chapter 3, we observed that different cues are provided 

depending on the acoustic sensitivity of the listener (e.g., Spanish listeners are more 

sensitive to durational than spectral cues in English). This supports the notion that speech 

accommodation is a dynamic and complex phenomenon influenced by various factors. 

Speech production seems to involve many ways to adjust acoustic features (and many 

acoustic features to adjust depending on speakers’ L1) and each one is picked depending 

on the contextual advantage or needs. The evidence that different feature accommodations 

are implemented depending on various purposes, such as teaching writing, pronunciation, 

or simply facilitating communication, provides compelling evidence that accommodation is 

constantly at play and is an integral component in every speech interaction. Also, we shed 

some light on the role of phonetic and acoustic cues in speech accommodation. Speakers 

naturally use phonetic and acoustic cues without receiving overt instruction to do so. This 

further sustains the assumption that accommodation is a fundamental aspect of speech 

production, and it is imperative to account for that in models of production.  

Indeed, this has consequences for various psycholinguistic models of speech 

production and communication. For instance, Bock & Levelt's sequential model (1994) of 

speech production consists of 4 levels of processing (but see also Levelt, 1989). This posits 

a sequence of processing stages involved in speech production, including 

conceptualization, functional processing (where lexical selection happens), positional 

processing (where grammatical inflection happens), and phonological encoding (where 
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sound units, acoustic features are assembled). Bock and Levelt (1994) provide insights into 

the internal processes of speech production and the organisation of language production 

systems, but their model does not explicitly incorporate the concept of speech 

accommodation. Such adaptive processes are, so far, not well accounted for in sequential 

models of speech production. 

Conversely, other influential psycholinguistic models explain speech production as 

parallel processing. For instance, Dell (1986) and Dell & O’Seaghdha’s (1992) spreading 

activation model focuses on the activation and spreading of lexical and phonological 

representations during speech production. This model is known as Connectionist Model of 

speech production and, compared to sequential models, it claims that speech is produced 

by connected nodes representing units of speech (e.g., meaning, phonemes etc.). Those 

nodes are hypothesised to interact with each other in any direction, from the Semantic level, 

through the Lexical level, and the Phonological level. Although such models do not directly 

address FDS, our results (and assumptions) on the continuous accommodation to various 

contextual factors fit bidirectional communication between this model’s nodes. Dell & Jacobs 

(2016) tackle this issue on speech accommodation by describing it as a phenomenon of 

short-term speaker tuning, as a type of implicit learning. Thus, Dell & O’Seaghdha’s (1992) 

Connectionist Model is potentially able to incorporate contextual factors that modulate the 

spreading of activation, including the accommodation of acoustic features. This enables the 

model to capture how the activation of specific lexical and phonological representations is 

influenced by the listener's characteristics and communicative goals, leading to the 

adjustment of acoustic properties during speech production. 

To fully account for speech accommodation, psycholinguistic models like these 

would benefit from explicitly incorporating mechanisms to account for the dynamic 

adjustment of acoustic features. This would allow the model to capture the flexible nature of 

accommodation, which is also based on continuous feedback, and its influence on the 

formulation stage, where linguistic information is transformed into an articulatory plan. That 
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is, when addressing a non-native listener, speakers select one word among several others 

to vehiculate a certain meaning, they probably pick high frequency words (lexical selection) 

(lexical entrainment or alignment Brennan & Hanna, 2009; Clark & Wilkes-Gibbs, 1986; 

Costa et al., 2008), then plan articulation in a way that speech is clear to their listeners 

(Pardo, 2006 on phonetic convergence). Our research indeed shows that articulatory 

planning (phonological encoding) can result in adaptation of various acoustic features, 

without any changes in the vocabulary being used. That is, for example, a certain word is 

pronounced with wider or reduced vowel space, depending on communicative goals. In line 

with this, accommodation theories (e.g., Hyperarticulation & Hypoarticulation theory, 

Lindblom, 1990; see chapter 1) and the Interactive Alignment account (Pickering & Garrod, 

2004) posit that during communication, individuals strive to establish a shared 

understanding and keep the communication successful through a process known as 

accommodation or alignment (depending on the theories under consideration; Costa et al., 

2008; Giles; 2016; Lindblom, 1990; Pickering & Garrod, 2004, 2006, 2014). The 

accommodation perspective focuses on the speakers’ adaptive process to meet listeners’ 

needs, whereas the alignment account rather points at the continuous interaction between 

interlocutors (and their linguistic alignment). However, the underlying assumptions are 

common to both frameworks and our findings are in line with both models. Alignment (or 

accommodation) is assumed to occur at multiple levels, including linguistic, conceptual, and 

perceptual level (Costa et al., 2008), although in our studies we focused on the last one 

only. Alignment plays a crucial role in successful communication and collaboration. It allows 

individuals to understand each other's intentions and knowledge, leading to effective 

cooperation and coordination. The Interactive Alignment account suggests that alignment is 

an ongoing and dynamic process, which is line with our findings. As communication 

progresses, individuals continually adjust their linguistic, conceptual, and perceptual states 

to maintain alignment. This framework (and the accommodation theories) accounts for 

acoustic adjustments too. For instance, the Interactive Alignment account recognizes that 
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successful communication involves not only aligning linguistic and conceptual aspects but 

also adjusting perceptual elements, such as acoustic features. When people engage in a 

conversation, they naturally adapt their speech patterns, including their pitch and rhythm, to 

align with their interaction partner. By adjusting their phonetic features, speakers enhance 

their ability to be understood and, as we reported, meet communicative goals. 

In summary, psycholinguistic models of speech production should consider the 

dynamic adjustment of acoustic features observed in the dissertation. At present, 

accommodation models and Interactive alignment account are able to account for FDS 

accommodation results across communicative goals. By incorporating mechanisms that 

consider the listener's linguistic profile, communicative goals, and contextual factors, these 

models simulate the cognitive processes involved in accommodating acoustic features 

during speech production and communication.  

 

Second language acquisition 

 

In chapters 3 and 4, we addressed the FDS didactic impact and investigated 

whether FDS promotes L2 acquisition. We discovered that exposure to FDS facilitates L2 

learning in both perception and production. L2 learners exposed to English FDS showed 

faster recognition of novel words and were more accurate in distinguishing specific vowel 

contrasts compared to NDS. FDS also aided non-native speakers’ production learning, 

although effectiveness depended on the relationship between target sounds and the 

learners' native language phonemic inventory (see Category Goodness vs Single in Chapter 

3). 

These results indicate that even a single session of exposure to FDS can yield 

benefits in L2 learning, suggesting that longer exposure may enhance L2 acquisition further. 

Notably, we did not only find evidence for FDS impact on word learning, but also on 

continuous speech perception, in a naturalistic listening paradigm. We found that FDS 
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promoted non-native listeners’ L2 perception, as the CT results suggest. Altogether, such 

findings reveal that FDS is a suitable tool for teaching an L2.  

Our research has implications for models of second language acquisition. We found 

evidence supporting the asymmetry between phoneme contrast types (Goodness /i - ɪ/ and 

Single /æ - ʌ/ contrasts), aligning with Perceptual Assimilation Model-L2 (Best & Tyler, 

2007) and other models, such as the Speech Learning Model (Flege, 1995; Flege & Bohn, 

2021). For instance, PAM-L2 suggests that learners assimilate L2 sounds into their existing 

native language categories based on perceptual similarity. Our study's evidence for the 

phoneme contrast asymmetry supports the model predictions regarding how L2 learners 

perceive and categorise these specific contrasts.  

In addition, other approaches to theories of second language learning exist. For 

instance, the Behaviourist theory (Bloomfield, 1944; Delprato & Midgley, 1992; Skinner, 

1950) focuses on imitation, reinforcement, and practice as the primary mechanisms of 

language learning. Similarly, the Information Processing theory of second language 

acquisition (McLaughlin et al., 1983; Nyikos & Oxford, 1993), which was born to address the 

cognitive process involved in language learning, relates L2 learning with the process of 

encoding information into memory. The Information Processing theory posits that humans 

actively process information, rather than being passively exposed to linguistic stimuli. This 

approach suggests that L2 learners engage in cognitive processes such as attention, 

perception, memory, and problem-solving to acquire a second language. These models, 

together with those described above, do explain some of the mechanisms involved in L2 

acquisition, which can be observed in our results too. However, such theories fail to capture 

the impact of social and interactive contexts on second language acquisition. They do not 

fully consider the sociocultural aspects of language learning that was highlighted in our 

research on FDS. In contrast, the socio-cognitive approach highlights the importance of 

social interaction, cultural context, and adaptive processes in language acquisition. In fact, 

our results can be explained by turning to the socio-cognitive theory of second language 

https://onlinelibrary.wiley.com/authored-by/McLaughlin/Barry
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acquisition (Atkinson, 2002, 2014; Atkinson et al., 2007). This theory proposes that L2 

learning involves adaptive processes influenced by social and interactive contexts (see also 

Chapter 3). This claims that L2 learning is a dynamic process influenced by both the 

learner's cognitive abilities and the social context in which language is acquired. L2 

acquisition is not solely a result of individual cognitive processes or proximity to L1 phoneme 

inventory but is also shaped by the sociocultural and interpersonal aspects of language use. 

According to this approach, language learners actively engage in social interactions and 

negotiate meaning with others in order to develop their linguistic competence. The socio-

cognitive approach emphasises the importance of social factors such as communication and 

collaboration during L2 acquisition. In line with this view, our results reveal that L2 learners 

adapt their perception (and production) of L2 novel words and speech to the social 

environment, indicating that FDS serves as a socially mediated promoter of phoneme and 

speech perception, and thus of L2 acquisition. Hence, we argue that the above reported 

models should consider a socio-cognitive factor, as speakers adapt linguistic elements to 

make understanding easier in social interactions. 

Auditory speech perception 

 

In chapter 4, our study on cortical tracking of speech showed that FDS supports non-

native listeners’ perception of continuous speech, whereas natives’ perception was boosted 

by NDS. This finding aligns with the study in chapter 3, which focused on the acquisition of 

L2 vowel contrasts and their perception. Here, we showed that the speech register 

employed during communication significantly impacts the degree to which listeners engage 

in and process speech information. As it seems, speech accommodation affects the 

intended listeners’ neural encoding and perception of speech. The findings have 

implications for models of auditory processing, emphasising the significance of tailoring 

language input to the intended audience. There is a need for models that take this aspect 

into account, especially models of L2 auditory processing. The reason is that 
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accommodation seems to be particularly relevant for non-native listeners’ perception, given 

their low L2 proficiency. Indeed, we found that non-native listeners’ comprehension scores 

in chapter 4 were boosted only by FDS, whereas native listeners did not show such an 

advantage, not even in NDS, the speech register for which they had more efficient cortical 

tracking. Auditory speech perception models should consider the importance of how speech 

is pronounced, by building models that integrate various aspects of speech perception 

including facilitation derived from speech accommodation.  

One of the most relevant models of speech perception is the so-called Motor Theory 

of speech perception (Liberman, et al., 1967; Liberman & Mattingly, 1985). This model 

suggests that speech perception is based on the activation of motor representations 

involved in speech production (Galantucci et al., 2006). In other words, listeners perceive 

speech by mapping the acoustic signal onto corresponding articulatory gestures. This 

suggests that listeners rely on their knowledge of speech production, specifically the motor 

representations involved in producing speech sounds, to perceive and understand speech. 

The Motor Theory of speech perception offers a relevant framework to understand our 

findings reported in chapter 3 and 4. In the context of FDS, the acoustic features are 

modified to facilitate perception. These adjustments likely enhance the mapping process 

between the acoustic signal and the corresponding articulatory gestures, which supports 

non-native listeners’ perception and interpretation of speech. In line with this, in Chapter 3, 

we found that non-native speakers recognized novel words containing the Goodness 

contrast with higher accuracy when exposed to FDS than NDS. Importantly, they also 

pronounced the same novel words better (still containing the Goodness contrast; in line with 

Flege’s (1995) assumption that production is connected to perception). Thus, our results 

provide empirical support for the Motor Theory of speech perception. When non-native 

listeners are exposed to FDS, both their L2 speech perception and production improve, 

suggesting a connection between perception of acoustic features and motor 

representations. Although such evidence is far from being conclusive, these findings 
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contribute to a deeper understanding of the mechanisms underlying speech perception and 

highlight the role of motor processes in the context of second language perception. 

5.3. Future directions 

Although this dissertation provided some insight on various aspects of production 

and perception of FDS, there are many other questions that need responses. Future 

research should aim to answer those and contribute to speech production and L2 

acquisition literature.  

FDS production. To confirm our hypothesis that speech accommodation is active in 

any speech interaction, there is a need to investigate whether FDS can be adjusted to other 

factors than those we already assessed. For instance, we would hypothesise that different 

accommodation strategies may be at play depending on whether speakers have some 

experience with the listeners’ L1. For instance, English speakers who live in Spain may 

adjust acoustic features depending on whether they address non-native listeners of English 

with Spanish L1 as compared to (e.g.) French L1. Also, further research on FDS production 

should aim to understand whether FDS is adjusted to listeners’ proficiency and whether 

FDS is a continuum that goes from no adaptation (with native-like L2 listeners) to the 

maximum grade of speech modifications with recent L2 learners. If future studies will 

provide evidence for this, the assumption that accommodation is always at play in any 

instance of production will be further confirmed. 

FDS perception. As we explained above, our study only looked at the impact of FDS 

after short exposure. FDS is used in everyday life interactions between natives and L2 

learners, and even in L2 classroom environments. Thus, it is fundamental to understand 

benefits of long-term exposure and learning in ecologically valid situations (e.g., longitudinal 

study). As explained above, further learning benefit is highly probable after long exposure to 

FDS. However, it has also been hypothesised that L2 learners can reach high proficiency 

only if immersed in a native environment, where they are mainly exposed to NDS (Margić, 
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2017). Thus, future research should implement a longitudinal study with the objective of 

comparing exposure to FDS and NDS in both classroom environment and in naturalistic 

interactions. 

5.4. Conclusion 

We expanded the current understanding of how speech is produced and perceived in 

interactions between native and non-native speakers. We provided evidence for the didactic 

purpose and impact of FDS, for the dynamicity of speech production and its accommodation, 

and the importance of the relationship between speakers and listener during L2 perception.  

In particular, our research revealed that speakers adapt their speech characteristics 

to aid the acquisition of specific second language (L2) skills. This shows that FDS is endowed 

with a didactic purpose. This adjustment was found to facilitate the learning of new words in 

the L2. Additionally, our findings indicated that FDS also enhances the perception of 

connected speech, as indicated by cortical tracking results. The findings have implications for 

language learning and teaching, emphasising the significance of tailoring language input to 

the intended audience. 
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Appendixes 

Appendix 1.1 

Table 1. Summary of the design and findings of the published studies that have assessed vowel 

hyperarticulation, speech rate, or pitch correlates of FDS. 
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1 Described as no “notable differences” between FDS and NDS; 2 Pitch height and hyperarticulation 

are usually associated in IDS. In this study IDS exhibited a smaller vocal space, but higher mean pitch 

than FDS or NDS. FDS mean pitch was (almost significantly; p = 0.054) higher than NDS; 3 Knoll et al. 

(2009a) failed to find greater hyperarticulation in FDS than NDS, but no differences were observed in 

the actresses’ performance with IDS (which was more hyperarticulated than NDS); 4 These results are 

described as “minimal differences”; 5 Hearing-Impaired Person-Directed Speech (HIDS). 

 

Appendix 2.1 

 

Mixed-effect model formulas  

1. Vowel hyperarticulation 

model <- lmer(VOWEL_SPACE_norm~  REGISTER*CONDITION + SESSION 

+(1+SESSION|SUBJ), data=data, REML=F) 

2. Speech rate 

model <- lmer(SR_norm ~  REGISTER*CONDITION + 

TRIAL_NUMBER+(1|CONDITION:SUBJ)+ (1|SESSION), data=data, REML=F) 

3. Vowel intensity 

model <- lmer(INTENSITY_norm ~  REGISTER*CONDITION + 

(1+SESSION|VOWEL:SUBJ) + (1|WORD:SESSION), data=data, REML=F) 

4. Pitch height 

model <- lmer(F0_norm ~ REGISTER*CONDITION + (1 + VOWEL |SESSION:SUBJ) + 

(1| VOWEL:WORD), data = data, REML = F) 

5. Vowel duration 

model <- lmer(DURATION_norm ~  REGISTER*CONDITION + 

SEX+(1|SESSION:SUBJ) + (1|VOWEL:WORD), data=data, REML=F) 

 

SEX = participants’ reported sex 

 

Appendix 2.2 

 

List of experimental stimuli 

Initial target vowels 

HASME 
HARJO 
HAFLA 
HALCO 
HIRTA 

ANFES 
ARBOS 
ALPRO 
AZCRA 
IRGOS 

ÁFARO 
ÁTAMA 
ÁREMO 
ÁNUTA 
ÍJERA 
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HIRSA 
HILMA 
HIRRO 
HUCRO 
HULCRA 
HUGA 
HUJO 

ISBOS 
ISTRA 
IRFED 
USCLA 
ULSO 
USMO 
UFRAS 

ÍLARGO 
ÍBAD 
ÍFANO 
ÚDELO 
ÚCED 
ÚPODA 
ÚSPERO 

 

 

Appendix 3.1 

FDS of English vowel contrasts: five English speakers. 

 Previous studies on FDS suggest that this register is the result of speech adaptation 

to non-native listeners’ learning needs. Yet, empirical evidence is limited to hyperarticulation 

of the /a/,/i/,/u/ triangle, which also limits generalisation of FDS impact on learning, especially 

for a language with rich vowel inventory like English (Piazza et al., 2022). Thus, prior the 

actual experiment, we aimed to assess the Euclidean distance between vowels of the /i - ɪ/ 

and /ʌ - æ/ contrasts and the vowel duration difference for the /i - ɪ/ contrast as index of FDS 

speech adaptation. For this purpose, we recruited five native speakers of English (British 

accent), who were (or had been) teachers of English with Spanish speaking students (Mage = 

32.3 y.o.). The speakers carried out an online experiment, where they were asked to speak 

as if they were addressing a native listener of English or a Spanish native L2 learner of 

English. Addressing these two fake listeners elicited two registers, respectively NDS and FDS. 

Before the start of each register-block, speakers listened to a short introduction about the 

listener. Then, they were instructed to pretend they were speaking to that person. The 

speakers read English words appearing on the screen and were asked to say “this is a [word 

on the screen]”. After each production, they pressed ‘Enter’ to go to the next trial.  

We selected 48 monosyllabic and disyllabic real English words containing the 4 vowels 

of interest (/i/, /ɪ/, /ʌ, /æ). We selected minimal pairs differing by only the target vowels. We 

had 8 word-minimal pairs containing the /i - ɪ/ contrast (total 16 words like sheep-ship) and 8 
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word-minimal pairs containing the /ʌ - æ/ contrast (total 16 words like cup-cap). To these, we 

added 16 words containing the /a/ and /u/ vowels (8 each), which did not form minimal pairs. 

Those words were considered as fillers and were added in order to avoid speakers being 

conscious that the two vowel contrasts were of special interest for us. Words were presented 

in pseudorandomized order, in all caps and in the centre of the screen. Speakers repeated 

each stimulus 6 times (3 addressing each listener) for a total number of 288 trials. 

From the resulting production data, we first examined the vocalic space of the /a/, /i/, 

and /u/ triangle of the two registers. Also, we measured the duration of sentences (“this is 

a…”) speakers produced. These two measures allowed us to assess whether speakers 

produced FDS vocalic triangle and speech rate in line with previous literature (e.g., Uther et 

al., 2007; Piazza et al., in preparation). Next, we focused on the minimal pairs to measure the 

Euclidean distance of the /i - ɪ/ and /ʌ - æ/ contrasts and the duration difference of the /i - ɪ/ 

contrast (duration of /i/ - duration of /ɪ/). Euclidean distance was calculated by projecting on a 

cartesian plane the first (F1) and second (F2) vowel formants of the speakers’ production. If 

speakers adapt to the listeners needs and produce FDS to support L2 learning, we expected 

the speakers to produce 1) wider vocalic triangle 2) longer sentences (lower speech rate) 2) 

greater /i/ minus/ɪ/ duration difference 3) greater Euclidean distance between /ʌ - æ/ and 

between /i - ɪ/ in FDS as compared to NDS.  

In line with the literature, non-parametric Wilcoxon tests revealed that FDS was produced with 

wider vocalic triangle (+30.6%)5 and with longer sentences (hence lower speech rate) as 

compared to NDS (W = 856426, p < .0001). Also, non-parametric Wilcoxon tests revealed 

that speakers produced greater /ʌ - æ/ Euclidean distance (W = 7057, p = .016), and /i - ɪ/ 

duration difference (W = 8213, p = .001) in FDS than NDS. Unexpectedly, the /i - ɪ/ Euclidean 

distance was greater in NDS than FDS (W = 4235, p = .038). These results suggest that 

speakers emphasise duration difference in between /i - ɪ/, and Euclidean distance in between 

 
5 Statistical analysis for the vocalic space could not be run due to the low number of observations: we 

extracted only one vocalic space value per each subject and condition.  
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/ʌ - æ/, when producing FDS. On these results we built the novel word stimuli of the present 

study. For recording the stimuli, we selected the speaker that produced FDS with more 

hyperarticulated vowels, more duration difference between /i - ɪ/, greater /ʌ - æ/ Euclidean 

distance and with smaller /i - ɪ/ Euclidean distance than NDS.  

List of experimental stimuli 

BEEFUL BIFUL CABBON CUBBON 

DEEST DIST DAGMET DUGMET 

GHEEDEN GHIDEN GACK GUCK 

PEEV PIV TASS TUSS 

 

List of fillers 

POOTON TARPEL 

SOOTIC FARSIK 

TOOD SARN 

PHOON PARG 

 

 

Appendix 3.2 

Supplementary images 
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Figure A. Production task. Single contrast: (normalised) Euclidean distance participants’ production 
– vowel stimuli, across blocks, by Register (FDS = Foreigner Directed Speech, NDS = Native Directed 

Speech) and Vowel (ʌ and æ). Bars indicate SEM.  

 

Appendix 3.3 

 

(GCA) Mixed-effect model formulas  

1. Recognition accuracy 

model <- glmer(ACCURACY ~ 

(ot1+ot2)*REGISTER*CONTRAST+(ot1+ot2|IQ:SUBJ)+(ot1|WORD),family = "binomial", 

data = data) 

2. Recognition RT 

 model <- lmer(RT_bc ~ (ot1+ot2)*REGISTER*CONTRAST+(ot1+ot2|WORD:SUBJ), 

data =data,REML = F) 

3. Aline distance 

 model <- glmmTMB(ALINE 

~(ot1+ot2)*REGISTER*CONTRAST+(ot1+ot2|SUBJ)+(ot1|WORD),               ziformula=~0, 

data=data, REML = F, betabinomial(link = "logit")) 

4. Production RT 

 model <- lmer(RT_bc ~ 

(ot1+ot2)*REGISTER*CONTRAST+(1|SUBJ)+(1|PHON:WORD), data = data, REML = F) 

5. Euclidean distance A 

model_Goodness_c<- lmer(EUCLIDEAN ~ 

(ot1+ot2)*REGISTER*VOWEL+(1|PHON:SUBJ)+(1|WORD), data = Goodness, REML = F) 

model_Single_c <- lmer(EUCLIDEAN ~ 

(ot1+ot2)*REGISTER*VOWEL+(1|PHON:SUBJ)+(1|WORD), data = Single, REML = F) 

6. Euclidean distance B (within contrast) 

  model_Goodness_c <-  lmer(EUCLIDEAN ~ 

(ot1+ot2)*REGISTER+(1|PHON:SUBJ)+(1|CONTRAST:WORD), data = Goodness, REML = 

F) 

model_Single_c <- lmer(EUCLIDEAN ~ 

(ot1+ot2)*REGISTER+(1|PHON:SUBJ)+(1|WORD), data = Single, REML = F) 

7. Logistic regression (sheep-ship/cup-cap) 

 model <- glmer(CHOICE~ EXPOSURE*REGISTER+(1|SUBJ)+(1|CONT), data = data,                         

family = "binomial") 

IQ = Participants’ non-verbal IQ scores 

PHON = Phonological memory scores 

WORD = novel word/item. 
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Appendix 3.4 

 

Raven matrices test and pseudoword repetition: materials and procedure. 

Participants’ non-verbal IQ was assessed using the Raven matrices from the Kaufman 

Brief Intelligence Test (KBIT; Kaufman & Kaufman, 2014). Participants completed as many 

sequences as they could in 6 minutes. Resulting standardised scores (M = 100, Kaufman & 

Kaufman, 2014) were calculated. Phonological memory skills were assessed via a 

pseudoword repetition task (Gathercole et al., 1994). Participants listened to 28 Spanish 

pseudowords, 4-18 phonemes long,  in random order and repeated them one by one as fast 

and accurately as possible. After each repetition, they clicked on the button ‘Send your 

response’ to proceed to the next trial. Production of each pseudoword was checked offline for 

accuracy: 1 point score was assigned to each correctly pronounced target and a 0.25-point 

penalty per each incorrect or missed phoneme (min score: 0). The final phonological memory 

score was computed as total accuracy considering the penalties.  

Appendix 4.1 

 

Mixed-effect model formulas  

EXP.1  

1. Comprehension score 

 model <- glmer(SCORE ~ REGISTER + (1|SUBJ) + (1|Part:Story), family = "binomial", 

data = data) 

2. Prediction correlations – Envelope TRF 

  model <- lmer(R ~ REGISTER + (1|SUBJ)+(1|ELECTRODE), data = data, REML = F) 

3. Prediction correlations – Semantic mTRF 

  model <- lmer(R_sem ~ REGISTER + (1| SUBJ)+(1| ELECTRODE), data = data, REML 

= F) 

 

EXP.2 

4. Comprehension score 

 model <- glmer(SCORE ~ REGISTER + (1| SUBJ) + (1|Part:Story), family = "binomial", 

data = data) 
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5. Prediction correlations – Envelope TRF 

model <- lmer(R ~ REGISTER + (1| SUBJ)+(1| ELECTRODE), data = data, REML = F) 

6. Prediction correlations – Semantic mTRF 

model <- lmer(R_sem ~ REGISTER + (1| SUBJ), data = data, REML = F) 

 

Part = part of story (1 to 5) 

Story = Love, Guerrilla, or Hole: the three stories that participants listened to (regardless the speech 

register). 

 


