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Abstract 27 

Purpose. This scoping review considers the acoustic features of a clear speech register directed to non-28 

native listeners known as Foreigner Directed Speech (FDS). We identify vowel hyperarticulation and low 29 

speech rate as the most representative acoustic features of FDS; other features, including wide pitch range 30 

and high intensity, are still under debate. 31 

We also discuss factors that may influence the outcomes and characteristics of FDS. We start by examining 32 

accommodation theories, outlining the reasons why FDS is likely to serve a didactic function by helping 33 

listeners acquire a second language (L2). We examine how this speech register adapts to listeners’ 34 

identities and linguistic needs, suggesting that FDS also takes listeners’ L2 proficiency into account. To 35 

confirm the didactic function of FDS, we compare it to other clear speech registers, specifically Infant 36 

Directed Speech and Lombard Speech. 37 

Conclusion. Our review reveals that research has not yet established whether FDS succeeds as a didactic 38 

tool that supports L2 acquisition. Moreover, a complex set of factors determine specific realizations of FDS, 39 

which need further exploration. We conclude by summarising open questions and indicating directions and 40 

recommendations for future research.  41 

Keywords 42 

Foreigner-directed speech; listener-oriented speech; speech accommodation; didactic function; speech 43 

registers; second language learning. 44 
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The acoustic features and didactic function of Foreigner Directed Speech: A scoping review.  46 

1. What is Foreigner Directed Speech?   47 

Foreigner Directed Speech (henceforth, FDS) is a speech register that native speakers use in 48 

interactions with non-native speakers of their language.. In recent literature, this register has also been 49 

referred to as “L2 speech accommodation”. FDS is a broad phenomenon that can encompass changes at 50 

the discourse, syntactic, lexical, and acoustic levels (Chaudron, 1979; Long, 1981; Ramamurti, 1980; Uther 51 

et al., 2007). FDS is proposed to be a – mostly unconscious – speech accommodation that increases speech 52 

clarity and that could serve a didactic function by assisting non-native interlocutors to better understand, 53 

perceive, and articulate their L2 (Hatch, 1979; Tarone, 1980; Uther et al., 2007; Scarborough et al., 2007). In 54 

this article, we provide a critical scoping review of the extensive research investigating the didactic function 55 

proposal, focusing on the acoustic features of FDS. We propose that the didactic function of FDS comprises 56 

two related aspects: a didactic purpose, which is the function of teaching an L2, reflected on the acoustic 57 

features of FDS, and a didactic impact, which is the actual effect on L2 perception and learning. In light of 58 

this didactic function, we discuss whether FDS serves a purpose in increasing speech intelligibility, 59 

facilitating L2 learning, and whether L2 listeners may benefit from being exposed to FDS. The objective of 60 

this work is to review those aspects of FDS that are still under debate and to provide strong theoretical and 61 

methodological bases for future research into this speech register. An in-depth study of the features and 62 

function of FDS is expected to increase our understanding of communication between humans who do not 63 

share the same native language. This will enable researchers to build appropriate models of speech 64 

communication and social mediation. As linguistic diversity increases worldwide, making communication 65 

between native and non-native speakers ever more frequent, speech communication models need to 66 

account for FDS. 67 

One of the earliest mentions of FDS as a speech register that serves a linguistic function is found in 68 

the 1930’s, when Bloomfield (1933) proposed that FDS reflects native speakers’ tendency to imitate the 69 

mistakes made by non-native speakers in order to assist their speech comprehension. Several decades 70 
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later, FDS was positioned as a variant of clear speech, a term typically used to refer to registers that 71 

enhance speech clarity. Other clear speech variants include Infant Directed Speech (IDS, also known as baby 72 

talk) and speech directed to elders or to people with hearing impairments (Ferguson, 1975; Lam et al., 73 

2012; see also Smiljanić & Bradlow, 2009 for a review on clear speech). It was only in the 1970’s that FDS 74 

was identified as an independent speech register that – despite sharing some features with other registers 75 

(such as IDS, see Section 6.1) – manifests in speech specifically directed to non-native listeners and is 76 

uniquely suited to their linguistic needs (Ferguson, 1975). Ferguson (1971, 1975) coined the term foreign 77 

talk to implicitly compare this register to baby talk, suggesting that the two registers shared a didactic 78 

function (Hatch, 1979; Katz, 1977; Tarone, 1980; see also Kuhl et al., 1997 for a discussion on the didactic 79 

functions of IDS). FDS was proposed to convey articulatory instructions through a simplified register (as 80 

Ferguson, 1981 defined it) characterized by repetition and the use of high frequency words, reduced 81 

syntactic complexity, and lack of jargon or idiomatic expressions (Chaudron, 1979; Long, 1981, 1983; 82 

Ramamurti, 1980). Additional features, also assumed to assist L2 learners, have been proposed in 83 

contemporary studies, including low speech rate, exaggerated voicing of final stops, few vowel reductions, 84 

as well as exaggerated intonation and volume (Hatch et al., 1978; Hatch, 1979 reported by Tarone, 1980).  85 

At present, there is more extensive knowledge of FDS, and research largely focuses on the acoustic 86 

features of this register. It has been shown that various acoustic features are the result of the FDS 87 

accommodation: vowel hyperarticulation, low speech rate, and long pauses are all proposed to help non-88 

native listeners. Given that interest in this topic is growing, there is a need for a review that sums up and 89 

discusses the most relevant findings on FDS and sets goals for future research on this topic. In the past, 90 

research on FDS has focused on defining the acoustic features of this register; although some FDS features 91 

continue to be the subject of debate, future studies should focus on advancing our understanding of the 92 

factors that underlie these FDS adjustments, and the role that each FDS feature plays in non-native 93 

listeners’ L2 acquisition. The present paper provides the starting point for addressing these issues. This 94 

review includes all journal articles and conference proceedings available to date that (1) were written in 95 

English and (2) reported empirical findings. These were identified by an extensive literature search using 96 
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the Google Scholar search engine (search terms: FDS, Foreigner directed speech, Foreign Talk, non-native 97 

directed speech, speech accommodation, listener-oriented speech) and complemented by including 98 

relevant references from the articles. 99 

Here, we discuss important aspects of FDS research that help to discover its role in the native–non-100 

native interaction. In Section 2, we focus on the acoustic features of FDS to explain how FDS improves 101 

speech clarity; in Section 3 we discuss the emotional valence of FDS that differs for native and non-native 102 

listeners. Section 4 frames the accommodation theories behind FDS, whereas Section 5 and 6 discuss 103 

whether FDS is adjusted to the listener’s needs and thus supports L2 acquisition. Section 7 describes 104 

research on native and non-native listeners’ perception of FDS – which will help us understand whether FDS 105 

is useful to non-native listeners. Section 8 presents our conclusions and recommendations for future 106 

research on this topic. 107 

2. The acoustic features of FDS. 108 

2.1 Vowel hyperarticulation  109 

Compared to Native Directed Speech (NDS), the register used by peers sharing the same native 110 

language who have no need to further enhance intelligibility (Ferguson & Kewley-Port, 2002; Smiljanić & 111 

Bradlow, 2009), FDS is characterized by an expanded vocalic space that is known as vowel hyperarticulation 112 

(Uther et al., 2007; Scarborough et al., 2007; Knoll et al., 2007; Knoll et al., 2009a). Most studies on FDS 113 

vowel hyperarticulation focus on native speakers’ production of the three corner vowels /a/, /i/, and /u/. 114 

These vowels are considered important because they are located at the outer boundaries (low, frontal, and 115 

posterior) of a language’s vocalic space, and they are present in the vocalic inventories of most languages in 116 

the world (Bradlow et al., 2003; Ladefoged & Maddieson, 1990). Usually, the averages of the first (F1) and 117 

second (F2) formant values are projected onto a two-dimensional cartesian plane to form the corners of 118 

the vocalic triangle. An expanded vocalic space corresponds to a vocalic triangle with a larger area (see 119 

Figure 1) since the corner vowels are produced at a greater distance from each other. This is proposed to 120 

enhance detection of vocalic contrasts and aid speech perception and comprehension (Bradlow & Bent, 121 
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2002; Ferguson & Kewley-Port, 2002; Smiljanić & Bradlow, 2005, 2009). F1 inversely relates to vowel height 122 

(the lower the vowel articulation, the higher its F1 value) and reflects articulatory effort, which is 123 

commonly higher in all clear speech styles than in conversational speech (Ladefoged, 2006; Smiljanić and 124 

Bradlow, 2009). F2 is affected by posteriority and lip rounding (F2 values are lower for vowels produced 125 

further back in the vocal tract; Ladefoged, 2006). F2 height is usually influenced by vowel hyperarticulation, 126 

but it also depends on whether speakers are expanding a front vowel (higher F2) or a back vowel (lower F2) 127 

(Ferguson & Kewley-Port, 2002).  128 

INSERT FIGURE 1 ABOUT HERE 129 

 130 

Of particular relevance to this review, vowel hyperarticulation is proposed to be the key acoustic 131 

feature that serves a didactic function (both purpose and impact) because it results in a clearer and more 132 

distinctive representation of vowel categories (Kuhl et al., 1997). The expansion of the vowel triangle allows 133 

speakers to create more discrete categories, thereby avoiding confusion and overlap between vowels and 134 

supporting vowel imitation and feature acquisition (Kuhl et al., 1997). Further supporting its proposed 135 

didactic purpose, vowel hyperarticulation occurs across clear registers associated with higher speech 136 

intelligibility (Bradlow et al., 2003; Krause & Braida, 2004; Picheny et al., 1986), but it is restricted to 137 

registers directed to audiences with perceived linguistic capacity (Burnham et al., 2002). For instance, 138 

vowel hyperarticulation has been reported in speech to infants (Kuhl et al., 1997) and to computer avatars 139 

(Burnham et al., 2010), but not in speech to pets such as cats and dogs (Burnham et al., 2002) – unless the 140 

pet is a parrot that “repeats” words (Xu et al., 2013). Thus, vowel hyperarticulation might also be expected 141 

in FDS, since speakers’ production is presumably modulated to support the fledgling linguistic abilities of 142 

the L2 learner.  143 

We were able to identify 12 studies published to date, that have investigated the presence of vowel 144 

hyperarticulation in FDS: 8 studies out of a total of 12 reported vowel hyperarticulation in FDS. Most 145 

studies focused on English FDS and identified vowel hyperarticulation as the main feature differentiating 146 
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FDS from NDS (Knoll et al., 2007; 2009a; Uther et al., 2007; Scarborough et al., 2007; Hazan et al., 2015). At 147 

the best of our knowledge, only Kendi and Khattab (2019) have reported vowel hyperarticulation in a 148 

language other than English, providing some evidence for cross-linguistic generalization. However, while 149 

some previous research had reported both F1 and F2 exaggeration, Kendi and Khattab (2019) found Arabic 150 

(Omani) speakers only used F1 to expand their vowel space (consistent with research by Dodane & Al-151 

Tamimi, 2007). This is interesting in light of literature that claims that the degree of vowel hyperarticulation 152 

(in clear speech in general) depends on the vowel inventory size of each language. This would suggest that 153 

hyperarticulation is language-dependent, and likely to be predominant in languages with large vowel 154 

inventories (e.g., Andruski et al., 1999; see also Al-Tamami & Ferragne, 2005). Despite the relatively small 155 

number of vowels in Arabic (6 vowels as compared to 14 in English) (Saadah, 2011), Kendi and Khattab 156 

(2019) confirmed the presence of vowel hyperarticulation in Arabic FDS. It could be that modulation of 157 

hyperarticulation is not fully determined (Smiljanić and Bradlow, 2005) but instead varies in relation to the 158 

size of vowel inventories.   159 

 Despite the large number of studies confirming that vowel hyperarticulation is present in FDS, some 160 

studies have reported different result patterns even for FDS produced in English (Knoll & Scharrer, 2007; 161 

Knoll et al., 2009a, 2011a; Kangatharan et al., 2012). For instance, Kangatharan et al. (2012) indicated that 162 

they failed to find vowel hyperarticulation in English FDS. This may be because their assessment relied on a 163 

vocalic square (instead of triangle) that included vowels /e/, /iː/, /ɔː/ and the diphthong /ai/, which are 164 

usually not considered in these kinds of studies. Some of those mixed results derive from specific 165 

manipulations of the experimental design (e.g., use of imaginary listeners, see Section 5.1, see also Knoll & 166 

Scharrer, 2007; Knoll et al., 2009a). Despite such conflicting evidence, given the findings reported above, 167 

we conclude that vowel hyperarticulation is a robust feature of FDS. Nevertheless, it remains unclear how 168 

this feature relates to the vowel inventory size of a given language. Further cross-linguistic investigations 169 

including languages other than English will be needed to determine whether vowel hyperarticulation varies 170 

across languages (language-specificity). 171 
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In addition to adjustments to vowel formants, vowel hyperarticulation may also be manifested as 172 

vowel lengthening. Longer vowels may be easier to process and categorize, vowel lengthening thus having 173 

a didactic impact (see Biersack et al., 2005). In order to explore the potential relevance of vowel 174 

lengthening in FDS, Uther et al. (2007) analysed whether vowel hyperarticulation of FDS (and IDS) in their 175 

study was also associated with longer vowel durations. Instead, they found that vowel length in FDS did not 176 

differ from NDS (and was shorter than in IDS). This pattern has been confirmed in other studies where FDS 177 

vowel length was not associated with the expansion of vowel space (Knoll & Scharrer, 2007; Knoll et al., 178 

2009a, 2011a; cf. Biersack 2005). Thus, it appears that hyperarticulation of vowels is a clear acoustic feature 179 

associated with FDS, but that these vowels are not produced with longer duration. This confirms the 180 

proposal from Biersack et al. (2005) that FDS should give non-native listeners more time to process 181 

sentences by lengthening pauses, but not vowels. 182 

Some attention has also been dedicated to hyperarticulation of non-vowel phonological contrasts. 183 

For instance, Sankowska et al. (2011) were the first to find that the plosive durational difference (between 184 

voiced and voiceless consonants) was larger in FDS than in either NDS or Lombard Speech (LS), a register 185 

produced to help listeners cope with background noise. This finding suggests that hyperarticulation in FDS 186 

might not be relegated to vowel articulation only. Similarly, several studies have reported hyperarticulation 187 

of lexical tone categories in Foreigner (Papoušek & Hwang, 1991) and Infant Directed Speech (Han et al., 188 

2018; Liu et al., 2007; Xu et al., 2013) in lexical tone languages. Lexical tones are based primarily on 189 

modulations of pitch height and contour, and their realization is not independent of segments (tones are 190 

carried by vowels as well as the adjacent consonants, so they can be considered supra-segmental; Burnham 191 

et al., 2011). However, similarly to consonant and vowel segments, lexical tones mark phonemic contrasts, 192 

and so it is not surprising that lexical tone categories are also exaggerated in clear speech registers. 193 

2.2 Low speech rate and long pauses  194 

 195 

Another characteristic acoustic feature of FDS is low speech rate, measured as an increase in 196 

pauses between utterances and the duration of individual words within utterances (Ferguson, 1975; 197 

Biersack et al., 2005; Scarborough et al., 2007; Kangatharan, 2015; Lorge & Katsos, 2019; Bobb et al., 2019). 198 
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FDS tends to have a lower rate of words per minute than NDS (Biersack et al., 2005; Hatch, 1979; Nelson, 199 

1992; Rodriguez-Cuadrado et al., 2018; Scarborough et al., 2007). Similar to vowel hyperarticulation, this 200 

phenomenon is proposed to benefit comprehension and processing of speech by non-native listeners: L2 201 

listeners might benefit from having more time to parse, segment, and analyse linguistic information when 202 

speech rate is slower (see Biersack et al., 2005).  203 

While vowel hyperarticulation across languages awaits further research, speech rate adjustments in 204 

FDS have been explored directly in cross-linguistic studies (e.g., English vs. French). Warren-Leubecker & 205 

Bohannon (1982) and Hazan et al. (2015) reported that English FDS has a lower word rate per minute than 206 

NDS. Kühnert and Antolík (2017) provided evidence from French using a tandem paradigm: participants 207 

with two different native languages (L1s) practiced language exchange to help each other learn an L2; each 208 

participant was a native speaker of the L2 the other participant wished to learn. Using this paradigm in 209 

English and French, Kühnert and Antolík (2017) found that French native speakers accommodated their 210 

production to the English listeners (French L2 learners) by slowing down their speech rate. However, native 211 

English speakers did not significantly lower their speech rate when they interacted with the French (English 212 

L2). This finding on English speakers contrasts both with the results for the French participants in this study 213 

and with previous studies on English FDS. The authors explained this incongruency by suggesting that 214 

speech tempo adjustments may be language specific, possibly related to the faster natural speech rate in 215 

French than English, or to French participants having higher proficiency in English than their English 216 

counterparts had in French. In fact, slower speech was directed to L2 listeners with lower proficiency 217 

(English native speakers), whereas the faster speech rate was directed to highly proficient L2 listeners 218 

(French native speakers). This suggests that low speech rate may be a feature of FDS directed to naïve L2 219 

learners in order to support their L2 comprehension.  220 

2.3 Intensity and Pitch 221 

Several suprasegmental features including acoustic intensity, pitch height, pitch range, and pitch 222 

contours have also been investigated in FDS. It remains unclear whether enhancement or exaggeration of 223 

these features serve independent didactic purposes or occur as by-products of the phonetic exaggeration 224 
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already noted in this register. For instance, vowel hyperarticulation may be accompanied by increased 225 

intensity and heightened pitch whereas the independent exaggeration of either of these two features may 226 

not result in enhanced clarity.  227 

Intensity corresponds to the amount of energy carried by sound waves, and loudness is its primary 228 

perceptual correlate. High intensity is a prosodic cue for emphasis that in FDS might correlate with vowel 229 

hyperarticulation. Vowel hyperarticulation might be the result of articulatory effort (see Lindblom, 1990), 230 

while intensity and loudness are secondary correlates of effort (see also Smiljanić and Bradlow, 2009). 231 

Rodriguez-Cuadrado et al. (2018) analysed Spanish FDS by measuring the intensity of repeated words, 232 

which are usually hypoarticulated in conversational speech. They observed higher word intensity for 233 

repeated words in FDS than NDS. Kendi and Khattab (2019), in their study on Arabic FDS, also reported 234 

significantly higher vowel intensity in FDS than NDS (in line with Hazan et al., 2015; cf. Knoll et al., 2015). 235 

Thus, higher intensity could be a relevant feature of FDS, but the evidence for this claim to date is not 236 

robust, and no studies have directly tested whether it is an acoustic correlate of another FDS feature, 237 

specifically vowel hyperarticulation (see Ferguson & Quené, 2014 for similar a hypothesis regarding clear 238 

speech).  239 

Pitch is a suprasegmental feature that is used to mark prosody conveying prominence and/or 240 

information structure. Pitch is the perceived acoustic product of the vibration rate of the vocal cords 241 

(Ladefoged, 2006). Pitch range corresponds to the maximal/minimal excursions of pitch (i.e., the difference 242 

between pitch Max and Min), whereas pitch contour is the curve of the perceived pitch change over time. 243 

Very few studies have investigated pitch range in FDS, and existing studies have reported both wider pitch 244 

excursions compared to NDS (Smith, 2007) and comparable pitch ranges for the two registers (Knoll et al., 245 

2015). It would not be surprising to find an expanded pitch range in FDS since emphatic pitch excursion is 246 

proposed to form part of hyperarticulatory phenomena, stressing relevant words and assisting word 247 

segmentation (as research on IDS suggests: Fernald & Kuhl, 1987; Thiessen et al., 2005). 248 

Although exaggerated pitch contour is linked to pitch range, the two features are not equivalent. 249 

Specifically, the same pitch range value could be associated with both bell and rising contour shapes and 250 
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vice versa. In fact, despite some evidence for a wider pitch range in FDS than NDS (Papoušek & Hwang, 251 

1991; Smith, 2007), the few experiments that assessed pitch contour reported little evidence for 252 

exaggerated pitch contours in FDS (Papoušek & Hwang, 1991; Knoll et al., 2006, 2007; Knoll & Costall, 253 

2015). Knoll et al. (2006) studied contour shape and found that FDS did not contain exaggerated shapes 254 

compared to NDS (Knoll et al., 2007). Most contours in FDS were level shapes (flat) or falling contours like 255 

those found in NDS (Knoll & Costall, 2015). Further qualitative analysis in Knoll and Costall (2015) 256 

highlighted the fact that the participants (students) sometimes produced FDS with rising contours, which 257 

are similar to the contour shape of questions (Fernald, 1989; Knoll et al., 2006, 2007; Knoll & Costall, 2015). 258 

However, it is likely that native speakers were trying to assess the L2 listener’s comprehension so as to 259 

adapt their production accordingly and used a rising contour typically associated with a questioning tone (a 260 

silent “did you understand?”) to implicitly interrogate listeners’ comprehension. This strategy invites the 261 

listener to provide continuous feedback, either verbally or nonverbally (e.g., through nods, confused 262 

expressions; see section 5.3 for a discussion of listeners’ feedback). This interpretation of the rising contour 263 

converges with the reported results on pitch range in IDS, which show mostly bell shape contours. The 264 

main hypothesis is that exaggerated pitch contour and wide pitch excursion serve the functions of  265 

emotional transfer and requesting attention (Ferguson, 1971; Papoušek & Papoušek, 1981; Trainor & 266 

Desjardins, 2002). The results on FDS fit with this view since speakers are not expected to employ FDS to 267 

convey emotions but rather to draw the listener’s attention to meaningful words.  268 

Mean pitch exaggeration corresponds to raised fundamental frequency (F0), which is found in other 269 

clear speech registers such as IDS. Exaggerated mean pitch is mostly interpreted as a strategy to convey 270 

emotion and a non-threatening attitude in speech (Ohala, 1984), and for this reason this feature is not 271 

expected to be prominent in FDS. In fact, the many studies sustain that FDS does not have a high pitch 272 

correlate (Biersack et al., 2005; Bobb et al., 2019; Knoll et al., 2009a, 2011a; 2011b; Lorge & Katsos, 2019; 273 

Uther et al., 2007). For example, Biersack et al. (2005) and Uther et al. (2007) found no significant 274 

difference between FDS and NDS. It is important to note that although some studies underscored the 275 

absence of heightened mean pitch in FDS, other studies have disclosed a different pattern of results. In 276 
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recent work, Kendi and Khattab (2019) demonstrated that pitch average midpoints were higher in FDS than 277 

NDS (Hazan et al., 2015). However, this significant increase in mean pitch in FDS might be due to specific 278 

aspects of their study design. In Kendi and Khattab (2019), the addressees of FDS were domestic helpers 279 

who had been working for the participants (i.e., speakers) for an extended period of time (from 2 months 280 

to 4 years). Indeed, previous evidence has shown that familiarity and emotional closeness can alter speech 281 

realization (Bänziger & Scherer, 2005; Costa et al., 2008; Farley et al., 2013), and this could have resulted in 282 

exaggerated pitch in speech produced in the interactions between these dyads. On the other hand, Knoll & 283 

Scharrer (2007) and Knoll et al. (2015) found a similar effect with higher mean pitch in FDS than NDS, which 284 

was not due to familiarity between interlocutors. Still, procedural differences may play a role. The 2007 285 

study used a specific procedure, in which participants had to imagine non-native listeners and speak as if 286 

they were addressing them (see Section 5.1). In the 2015 study, all the participants had just been speaking 287 

to people with hearing loss. This could have elicited higher pitch and resulted in carry-over effects when 288 

they switched to using FDS.  289 

In summary, this section reviewed evidence on vowel hyperarticulation, low speech rate, high 290 

intensity, and high pitch correlates in FDS (see Figure 2 for a summary of the FDS features). Most research 291 

has found vowel hyperarticulation and low speech rate in FDS. Conversely, there is less evidence of 292 

intensity and different pitch features (range, contour, and mean) being different between FDS and NDS. 293 

FDS mainly employs flat contours, but in some cases rising contours occur, resembling the contours of 294 

interrogative utterances. FDS may be characterized by a wide pitch range, which could reflect 295 

hyperarticulation, although little research effort has been dedicated to exploring this feature. Lastly, 296 

several studies failed to report higher mean pitch in FDS in comparisons to NDS, although some supportive 297 

evidence has been noted (e.g., Kendi & Khattab, 2019).  298 

INSERT FIGURE 2 ABOUT HERE 299 

 300 

3. Emotional valence of FDS 301 
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The emotional or affective properties of FDS have also received attention in the literature. In 302 

studies exploring this question, participants were asked to listen to continuous speech samples and rate 303 

how positive or negative they sounded. The emotional valence of a speech signal is a complex combination 304 

of several acoustic features including, but not limited to, speech tempo, pitch height and range, and 305 

intensity (see Liscombe et al., 2003; Tursunov et al., 2019). While the perceived affect of a speech register 306 

can be directly related to speakers’ desire to transmit emotion or to their communicative intent, it can also 307 

be a by-product of the exaggeration of prosodic and acoustic components intended to enhance a register’s 308 

clarity or its didactic purpose. As discussed below, these components can elicit negative perceptions from 309 

listeners, which in turn can have an effect on the register’s effectiveness as a linguistic tool. Critically, 310 

perception of the emotional valence of FDS appears to vary depending on the linguistic profile of the 311 

listener, so next we separately consider studies in which ratings were provided by either foreign or native 312 

listeners.  313 

Non-native listeners. Bobb et al. (2019) identified a positive correlation between median pitch in 314 

FDS and ratings of speakers’ competence and friendliness (see Lynch, 1988). In this study, FDS consisted of 315 

sentences read to an imaginary audience rather than naturally produced speech to a foreigner. FDS was 316 

compared to other speech registers including NDS, clear speech, and IDS, yielding several interesting 317 

results. FDS was perceived as friendlier than NDS. IDS contained the highest level of median pitch, followed 318 

by FDS, clear speech, and NDS (IDS > FDS > clear > NDS), suggesting that positive emotional affect is (at 319 

least partially) driven by pitch height. Each register was produced by native speakers, but naïve (foreign) 320 

raters – who were not aware of speakers’ language background and proficiency – considered speakers in 321 

the FDS condition to be overall less competent than speakers in the generic clear speech condition. On the 322 

other hand, speakers who produced higher median pitch in their FDS were rated as more competent and 323 

less condescending. Bobb et al. (2019) concluded that intelligibility did not positively correlate with 324 

perceived condescension, meaning that speaking clearly does not entail sounding condescending and 325 

patronizing.  326 
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Native listeners. Native listeners are expected to have different perceptions of FDS than the 327 

intended non-native audience because they would not derive any linguistic benefit from this register 328 

(unless they hear it in challenging listening conditions). That is, a positive or negative evaluation of FDS may 329 

depend on whether the listeners feel themselves to be the intended and appropriate addressees for the 330 

register adopted (Austerlitz, 1956; Ferguson, 1975). DePaulo and Coleman (1981) recruited 91 native 331 

English listeners to rate communications directed to non-native listeners (as well as to infants, adult native 332 

listeners, and people with cognitive disability). These participants perceived FDS as less friendly, less 333 

respectful, and less encouraging than NDS, but they considered speakers using FDS to be more competent 334 

than speakers of all the other speech registers. Surprisingly, in a later study using the same methodology 335 

and a combination of measures, DePaulo and Coleman (1987) instead found that FDS was considered to be 336 

warmer than NDS. The authors stressed that listeners displayed a remarkable ability to recognize 337 

differences between registers even without any explicit/external cues as to the identity of the addressees 338 

(see also Knoll et al., 2011a). This indicates that FDS is clearly differentiated from other registers, suggesting 339 

that it serves a communicative function and conveys psychological and sociological information (DePaulo 340 

and Coleman, 1981).  341 

In more recent work, Uther et al. (2007), Knoll and Scharrer (2007), and Knoll et al. (2011b) used 342 

low-pass filtered segments of vocal interactions between two native speakers of English, a native speaker 343 

and their infant, a native speaker and a non-native confederate (a native Chinese speaker) to elicit ratings 344 

of negative and positive vocal affect from naïve native listeners. This band filter removed all frequencies 345 

above 1000Hz rendering speech unintelligible, while leaving prosodic and emotional features unaffected 346 

(Scherer, 1971; Scherer et al., 1972; Starkweather, 1967), so that raters had to rely on acoustic features for 347 

their emotional evaluations, without considering semantic content. In Uther et al. (2007) and Knoll and 348 

Scharrer (2007), FDS received the lowest ratings for positive vocal affect and the highest ratings for 349 

negative affect (see also Knoll et al., 2009a), whereas in Knoll et al. (2011b), FDS received lower rating than 350 

NDS for positive vocal affect only. In addition, Knoll et al (2009b) tested the consistency of emotional 351 

ratings across various band filters, in addition to the 1000 Hz cut-off, to measure the contribution of higher 352 
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frequency bands to rating scores. They found that across most filter levels (except the unfiltered and the 353 

1200Hz filter version), NDS was rated as having higher positive vocal affect than FDS, but it was considered 354 

to request the same level of attention.  355 

A number of acoustic parameters may be responsible for the different impressions made by 356 

different registers, especially the negative perception of FDS by native listeners. For instance, it has been 357 

argued that speech rate (Stewart, Bouchard-Ryan, 1982; Knoll et al., 2009a), vowel hyperarticulation (Uther 358 

et al., 2007), and pitch (Knoll et al., 2015) modulate the degree of negativity associated with FDS (see 359 

Rothermich et al., 2019). Rothermich et al. (2019) reported that in Uther et al. (2007) more 360 

hyperarticulated vowels in IDS got more positive ratings, whereas in FDS greater vowel hyperarticulation 361 

corresponded to more negative ratings. High pitch and wide pitch range also seem to play a role in eliciting 362 

positive emotional evaluations (cf. Knoll et al., 2015). Knoll et al. (2009b) found that the positive vocal 363 

affect of IDS decreased as low-pass band filters excluded higher frequencies, therefore reducing the 364 

contribution from the high pitch cue. We know that high pitch is a typical feature of IDS, hence it is likely 365 

that the exclusion of higher frequencies was the cause of the reduction in the perceived positive vocal 366 

affect in this register. This indicates that high mean pitch of IDS has some influence over its positive affect. 367 

However, it is worth noting that in Knoll et al. (2009b) pitch was higher in NDS than FDS, and this could 368 

have accounted for its higher positive vocal affect ratings and partially account for the rating discrepancy 369 

between these two registers (Biersack et al., 2005; Uther et al., 2007). 370 

Most experiments with native raters have found that FDS is perceived negatively, even when 371 

semantic content is obscured by using various band filters. However, studies to date have not assessed 372 

listeners’ beliefs about the intended audience for each register that they were asked to rate. We suggest 373 

this assessment should be included in future perceptual studies: listeners’ ratings may be influenced by 374 

their perceptions of the register used and its intended audience. For instance, when native raters think that 375 

FDS is addressed to them, they might find it condescending and rate it negatively; conversely, if they 376 

believed it was addressed to someone else (especially a non-native listener), they might rate it more 377 

positively. Since FDS is a register directed to adults, it could be used to convey a disrespectful message to 378 
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native listeners and be negatively rated for this reason (see Starkweather, 1967; Clyne, 1981). It is likely – 379 

but this proposal needs deeper investigation – that low speech rate and vowel hyperarticulation in the 380 

absence of a positive emotional contribution from high mean pitch both play a role in eliciting negative 381 

judgments of FDS from native raters. 382 

4. The theory behind FDS.  383 

The discussion above indicates that speakers adjust their speech when addressing non-native 384 

listeners in a way that is proposed to assist speech processing and comprehension. Now, we turn to the 385 

theories that have tried to account for these accommodations in FDS. Earlier theoretical approaches 386 

hypothesized that FDS was an example of a simplified register, largely characterized by syntactic and lexical 387 

simplifications (Henzl, 1973; Tweissi, 1990). FDS was assumed to be the result of a  communication strategy 388 

determined by cultural rules (see Ferguson, 1975; Canale & Swain, 1980; Tarone, 1980). More recently, FDS 389 

has generally been interpreted as the result of speech accommodation by L1 speakers who want to 390 

maintain successful communication with L2 listeners (Giles et al., 1991; Hazan et al., 2015; Scarborough et 391 

al., 2007; Smith, 2007; Snow et al., 1981; Zuengler, 1991; see also Costa et al., 2008). This view assumes 392 

that speakers are sensitive to the addressee’s need to receive linguistic clarifications and learn phonological 393 

contrasts.  394 

The Hyperarticulation & Hypoarticulation (H&H) theory of speech accommodation (Lindblom, 1990) 395 

is the main theoretical framework adopted to interpret FDS research findings in the recent literature. This 396 

theory sustains that the main source of speech variability is accommodation to listeners, situations, and 397 

contexts. According to this theory, speakers continuously regulate their speech production along the hypo-398 

/hyper-articulation continuum, in order to meet their communicative aims, listeners’ demands, and to 399 

maintain successful communication. The articulation continuum spans the range from least to most 400 

effortful articulation, where the least effort is put into interaction with peers (i.e., NDS), following the 401 

natural tendency to save articulatory energy as much as possible without losing category distinctiveness 402 

(effort-based approach to Optimality Theory, Kirchner, 1997; Theory of Adaptative Dispersion, Lindblom, 403 
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1990; Diehl & Lindblom, 2004). The Communication Accommodation Theory (CAT) offers an alternative but 404 

similar perspective that accounts for previous experience with interlocutors, non-linguistic cues (such as 405 

smiling), and adoption of listeners’ communication behaviours (Beebe & Giles, 1984; Coupland et al., 1988; 406 

Giles, 2016; Giles et al., 1991; Zhang & Giles, 2017). The latter element is part of a so-called convergence 407 

strategy, which enhances communication success through modifications of segmental and suprasegmental 408 

properties. The opposite strategy is called divergence, and is designed to maintain social distance by 409 

eschewing speech adjustments and demonstrating indifference to effective communication (for additional 410 

theoretical frameworks, see Nekvapil & Sherman, 2015; Wooldridge, 2001; Zuengler, 1991). 411 

Both the H&H and CAT speech accommodation frameworks entail that most FDS adjustments are 412 

regulated by didactic intentions. There is, therefore, widespread theoretical consensus on the didactic 413 

purpose of FDS (Biersack et al., 2005; Smith, 2007; Margić, 2017; Rothermich et al., 2019; Bobb et al., 414 

2019). However, as we discuss in later sections of this review, despite this consensus, there is little direct 415 

evidence establishing that FDS is effective in achieving its proposed didactic impact, and whether any 416 

positive effects associated with this register actually enhance non-native listeners’ subsequent L2 417 

perception or production. In short, there is a pressing need for further research into the didactic intentions, 418 

functions, and impacts of FDS.  419 

The next section of this review focuses on the factors that can influence or modulate acoustic 420 

adjustments and the proposed didactic purpose of FDS described in previous sections. According to these 421 

theoretical accounts, FDS speech accommodations are based on the listener, the speaker, the situation and 422 

communicative context. We discuss the effects of each these factors on the properties of FDS below. 423 

5. Factors that influence speech accommodation. 424 

 5.1 Listener characteristics   425 

Language proficiency and accentedness. Language proficiency and the accentedness of the listener 426 

may be the first factors that influence the level of accommodation in FDS and its acoustic realization. To our 427 

knowledge, no systematic investigations of the effect of listener’s proficiency on FDS are available, but 428 
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previous studies allow us to speculate that perceived proficiency modulates the extent to which native 429 

speakers are inclined to adjust their speech for L2 listeners. For instance, Snow and collaborators (1981) 430 

suggested that the perceived language proficiency of the non-native listener (in addition to their perceived 431 

social status and intelligence) is responsible for the magnitude of FDS effects (see also Gaies, 1979; 432 

Chaudron, 1978; Dahl, 1981;  Liu, Kuhl, & Tsao, 2003 for evidence on IDS). Kühnert and Antolík (2017) 433 

results on different speech rate adaptations made by native French and English speakers (presented in 434 

Section 2.2) suggest accommodation differences across speakers largely depend on the listener’s language 435 

proficiency. In fact, in this study, English listeners had about 3 years less L2 experience than their French 436 

counterparts (6.4 vs. 9.2 years, respectively). The authors acknowledged that this might be the reason why 437 

only French participants adapted their speech rate to help their listeners. Furthermore, other studies have 438 

found low speech rate in English FDS (Warren-Leubecker & Bohannon, 1982; Hazan et al., 2015), suggesting 439 

that Kühnert and Antolík’s null result for English FDS was likely due to listener characteristics rather than a 440 

cross-linguistic difference in adaptation between English and French. In sum, speech rate may vary as a 441 

function of an addressee’s proficiency and future research should aim to assess correlations between the 442 

foreigner listener’s proficiency and the native speaker’s speech rate in English and other languages. 443 

Several studies suggest that accentedness has a tight negative correlation with language proficiency 444 

(Gallego, 1990; Kang et al., 2010; Munro & Derwing, 1995), meaning that a strong foreign accent 445 

corresponds to a low level of proficiency. While some low-proficiency addressees may have less obvious 446 

foreign accents (Munro & Derwing, 1995), it is still the case that speakers may be biased to interpret a 447 

strong L2 accent as a symptom of low proficiency, and consequently adapt their register to help these 448 

listeners (see Kang et al., 2010). To date, no experiments have explored proficiency versus accentedness in 449 

orthogonal designs; instead, experiments have relied on the generic perception of the confederate’s strong 450 

foreign accent without differentiating between accent and proficiency (e.g., Uther et al., 2007). 451 

Furthermore, previous research has not provided many details or objective measurements of listeners’ 452 

accentedness and/or proficiency with few exceptions (Lynch, 1988; Hazan et al., 2015; Kendi and Khattab, 453 

2019). In the only study to specifically address accentedness, Lorge and Katsos (2019) asked a Greek 454 
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confederate to emphasize her foreign accent while producing grammatically correct speech in English, yet 455 

even in this case, no measure of resulting accentedness was reported. In this study, speakers 456 

hyperarticulated vowels only when the confederate simulated a strong foreign accent. This suggests that 457 

accentedness has some influence on the properties of FDS.  458 

These findings stress the importance of using consistent measurements across studies that allow 459 

for direct comparisons of proficiency and accentedness. If the listener’s proficiency level affects the 460 

realization of FDS properties (i.e., speech rate) independently from accentedness, this would be strong 461 

evidence that this register has a generic didactic purpose. Conversely, if accentedness only drives FDS 462 

features, or some of them, FDS likely provides articulatory information to help highly proficient L2 listeners 463 

who nevertheless retain a strong foreign accent.  464 

Perception of foreignness. Another listener characteristic that may influence FDS production is the 465 

perception of foreignness. This construct is largely linked to listeners’ physical appearance, which can lead 466 

speakers to assume they are foreigners with linguistic difficulties even when there no evidence of strongly 467 

accented L2 speech or low L2 proficiency. Of course, it is noteworthy that a speaker’s L1 and language 468 

background (e.g., bilingualism) are not directly related to their physical aspect, but some studies find that 469 

perception of foreignness is influenced by physical appearance, even when that is not justified by the 470 

interlocutor’s language identity or proficiency (Bernstein et al., 2007; Ito et al., 2004; Rubin, 1992). If 471 

physical appearance (only) drives hyperarticulation in FDS (see Long, 1983), then the register would not 472 

serve a didactic purpose but rather reflect an intention to emphasise social distance and linguistic 473 

superiority (Biersack et al., 2005; Clyne, 1981; Valdman, 1981). Results from FDS ratings (Uther et al., 2007; 474 

Hazan et al., 2015) seem to be in line with this idea because native listeners might perceive FDS to be 475 

disrespectful and to have lower intelligibility than other clear registers (see Valdman, 1981 for a similar 476 

hypothesis). Ratings made by native listeners might be based on their perception of an imbalance in 477 

speaker-listener interactions; that is, adjustments that are not made to accommodate listeners, but rather 478 

due to prejudices about perceived foreignness.  479 
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To address this issue, Kangatharan et al. (2012) calculated the vowel hyperarticulation of a square 480 

vocalic area of speech directed to foreign-looking and native-looking confederates with or without foreign 481 

accents. They observed that the accent of the addressee did not induce vowel hyperarticulation, but the 482 

addressees’ foreign appearance did. Surprisingly, native-looking listeners with foreign accents did not elicit 483 

any acoustic adjustments in speech. This finding, however, was not replicated by the same team in a study 484 

with different target vowels and a larger sample size (Kangatharan et al., 2015). Here, the physical aspect of 485 

the listeners had no effect on FDS, whereas a foreign accent elicited hyperarticulated vowels (Arthur et al., 486 

1980). In order to shed light on this matter, future research on FDS is required to consider possible 487 

confounding factors derived from speakers’ biases toward different ethnicities. At present, most studies 488 

conducted on FDS did not clearly state whether their confederates had both foreign physical appearances 489 

and foreign accents (i.e., Uther et al., 2007; Hazan et al., 2015; Kendi & Khattab, 2019), which hinders the 490 

distinction between the influence of these two factors. Based on this limited evidence, it appears that 491 

physical appearance alone, namely the perception of foreignness, is not sufficient to elicit FDS. However, 492 

further evidence that directly compares appearance and accentedness is required. 493 

Imaginary addressees.  Many studies have opted to use 'imaginary listeners' by eliciting FDS in the 494 

absence of a live non-native listener (Papaousek and Hwang, 1991; Biersarck et al., 2005; Scarborough et al. 495 

2007; Knoll and Scharrer, 2007; Knoll et al., 2009a, 2009b, 2011a, 2015; Bobb et al., 2019). This approach is 496 

advantageous in terms of controlling interactions, by reducing the individual differences that inevitably 497 

arise from live face-to-face interactions. Still, this design choice prevents researchers from controlling for 498 

factors such as accentedness and language proficiency, which as discussed above, can influence the 499 

realization of FDS, and may explain some of the contradictory findings in the current literature. The validity 500 

of these paradigms may also be questioned: the interaction may not be as natural as one with a live 501 

interlocutor present and each participant might imagine a different ‘stereotypical’ foreigner, possibly 502 

depending on their previous personal experiences (Snow et al., 1981). Any of these imagined differences 503 

could elicit different degrees of acoustic adaptation in FDS.  504 
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In fact, findings from studies that employed imaginary addressees to elicit FDS have been mixed. 505 

Some studies have reported adjustments similar to those reported in the presence of real addressees 506 

(Biersack et al., 2005; Bobb et al., 2019; Scarborough et al., 2007), while others report no differences from 507 

NDS (Knoll et al., 2009a, 2011a; Knoll & Scharrer, 2007). Scarborough et al. (2007) compared the results of 508 

interactions with imaginary and real non-native listeners and found that the imaginary listeners elicited low 509 

speech rates to a greater degree than real addressees (see also Knoll et al., 2009a). This demonstrates that 510 

real and imaginary audiences can elicit unequal manifestations of FDS features (Knoll & Scharrer, 2007; 511 

Knoll et al., 2009a). It seems likely that imaginary addressees lead to inauthentic speech modifications, and 512 

that such adjustments likely vary across participants due to their own performance abilities (i.e., actresses 513 

vs. students in Knoll et al., 2009a), experience with L2 speakers, or the instructions they received on the 514 

experimental task (Snow, 1981; Lam et al., 2012; Knoll et al., 2011a). To counteract some of these issues, 515 

further research involving fictitious listeners could consider employing simulations of live interactions, i.e., 516 

making participants believe they are talking to a real foreigner. This option still does not require actual 517 

addressees, making it practically feasible, and in turn has several benefits. A simulation, for instance, 518 

guarantees stable comparisons across participants, thanks to the standardization of the fictitious listener’s 519 

behaviour (see Buz et al., 2016). It also allows the researcher to control various factors such as the physical 520 

appearance and accentedness of the listener, simultaneously.  521 

5.2 Speaker characteristics  522 

Production of FDS acoustic features seems to be speaker dependent. In fact, Knoll et al. (2011a) 523 

compared students and actresses’ FDS production, and observed that, with the same amount of exposure 524 

to non-native listeners, the actresses hyperarticulated vowels more than the students (see also Knoll et al., 525 

2009a). In addition, the nature of the relationship between interlocutors might also induce speakers to 526 

tailor their speech to listeners’ needs.  527 

Previous experience and bilingualism. Experience communicating with L2 listeners is one factor that 528 

appears to increase speakers’ sensitivity to listeners (Snow et al., 1981), and makes them more likely to 529 

accommodate their speech (i.e., to use FDS). For instance, language teachers, who are used to dealing with 530 
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L2 learners’ difficulties, might be particularly prone to employ effective speech adjustments, which would 531 

result in specific adaptations in their speech production matched to their students’ L1 phonological 532 

inventory. Another population that has been studied in this regard are bilingual speakers. Lorge & Katsos 533 

(2019) found that bilinguals hyperarticulated vowels more than monolinguals in FDS. This suggests that 534 

bilingualism shapes FDS, and that individuals who are immersed in multilingual environments, and who 535 

may have been L2 learners themselves, are more prone to use this speech register.  536 

Emotional closeness, familiarity, and relationship. Speakers may differentially adjust their speech 537 

depending on the nature of their relationship with their interlocutor. People are likely to behave differently 538 

with elders as compared to same-age peers, with people whom they know, or have a close relationship to 539 

outside the experimental context such as romantic partners (Bänziger & Scherer, 2005; Caporael, 1981; 540 

Farley et al., 2013; Kemper et al., 1995). Young people or caregivers often overaccommodate their speech 541 

when talking to elders or people with disabilities, conveying condescension (Coupland et al., 1988; Ryan et 542 

al., 1994; Ryan et al., 1986). This demonstrates that both age and familiarity shape the relationship 543 

between interlocutors and influence their speech adjustments. Kendi and Khattab (2019) used foreign 544 

addressees (age not reported) who had been working for the participants of the study (the native speakers) 545 

for at least 2 months. Speakers and listeners knew each other, some for up to four years. Native speakers 546 

produced FDS characterized by wider vocalic space, limited to F1 movement, and higher pitch than NDS. 547 

This finding is in line with studies on articulation and pitch modulation in speech addressed to lovers or 548 

intimate friends. This suggests that social aspects of the relationship between interlocutors, like distance or 549 

closeness (i.e., relationships with superiors or peers) may be relevant to the way in which FDS is delivered. 550 

In line with this possibility, other work on FDS has employed strangers as listeners, and did not find higher 551 

mean pitch, but instead observed an expanded vocalic triangle manifested as both F1 and F2 exaggeration 552 

(Uther et al., 2007; Kangatharan et al., 2015). Note that, as far as we know, the latter set of studies used 553 

English as the target language, which may limit the generalization of these findings to other languages. 554 

Future studies should probe the influence of different types of relationships between interlocutors on FDS, 555 
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especially in languages other than English, and consider age, social distance, emotional closeness, and 556 

immersion in a multilingual environment as factors that potentially play a role in shaping FDS features.  557 

5.3 Situational and contextual factors  558 

Situational factors: task instruction and communicative goal. Situational factors influence the 559 

properties of FDS and include, but are not limited to, the instructions given to the speakers to elicit FDS 560 

(Knoll et al., 2011a), and the purpose of the conversations in which they use FDS. There are numerous 561 

potentially important situational elements, and they are often tightly bundled together, making it difficult 562 

to disentangle their effects. At present there is still little evidence for the influence that experimental tasks 563 

have on the acoustic properties of FDS, but it is likely they have important effects. For instance, previous 564 

research indicates that the instructions used to elicit a clear register directly influence its realization (Lam et 565 

al., 2012; see also Smiljanić & Bradlow, 2009; Knoll et al., 2011a). Knoll et al. (2011a) investigated FDS 566 

features by employing “simulated free speech” and “standardized sentences”. In the former task, speakers 567 

were provided with three target toys (a shark, a sheep, and a shoe) so that they could invent their own 568 

scenarios (centred on the target words) to address imaginary listeners. In the latter task, speakers used 569 

fixed sentences like ”Look at the ‘target word’” to address the same imaginary listeners (e.g. “Look at the 570 

shark”). The authors observed differences in the acoustic features elicited in the two tasks and concluded 571 

that the reproduction of some FDS features depends on the task employed. Hence, the type of task may 572 

induce peculiar speech modifications and communicative strategies; for instance a task where participants 573 

have to read aloud (as in Bobb et al., 2019) likely results in FDS with peculiar phonetic characteristics that 574 

are different than those of spontaneous speech tasks (see Blaauw, 1992; Hazan & Baker, 2010; Laan, 1992). 575 

A tandem situation where two interlocutors practice language exchange (as in Kühnert & Antolík, 2017), 576 

provides for a free ranging, natural, conversational situation. By contrast, requiring a speaker to give 577 

directions to a listener over the phone (as in Smith, 2007) entails a strictly defined situation and a possibly 578 

hierarchical relationship between interlocutors. In the former case, the target audience probably feels freer 579 

to ask for repetitions when the speaker’s enunciation is not sufficiently clear. There are other factors, not 580 

directly related to listeners or speakers themselves, that are not fixed, but rather vary dynamically. For 581 
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instance, it may be hypothesized that speakers provide slightly different acoustic cues depending on the 582 

immediate goals of communication; for instance, if they are using FDS to teach the proper pronunciation of 583 

phonemes or the spelling of ambiguous words. These different didactic goals may require different 584 

approaches to situational difficulties and possibly different articulatory strategies.  585 

Contextual factors: feedback and perceived successful communication. Feedback from listeners 586 

during communication may induce speakers to dynamically regulate their speech rates or increase the 587 

perceptual distance between ambiguous phonemes in a specific word. In fact, feedback from the 588 

interlocutor seems to be fundamental in eliciting hyperarticulatory phenomena in communicative 589 

interactions (Buz et al., 2016; Maniwa et al., 2009; Ohala, 1984; Stent et al., 2008; see also Smith & Trainor, 590 

2008 for evidence on IDS). Two studies demonstrate that speakers make dynamic adjustments to their 591 

speech properties in response to interlocutors’ feedback (Burnham et al., 2010; Buz et al., 2016). Burnham 592 

et al. (2010) observed that speakers hyperarticulated vowels when addressing a computer avatar (rather 593 

than a human), who repeated their sentences, and they did so to a greater extent after the avatar 594 

pronounced their sentence incorrectly than when it did so correctly (see also Schertz, 2013 for a study on 595 

exaggerated contrasts after listener’s misheard speech). Buz et al. (2016) observed similar results in a 596 

simulated native-native interaction where speakers hyperarticulated plosive consonants after receiving 597 

negative feedback, and then maintained this alteration across several trials. In fact, some speech 598 

adjustments emerge only if speakers perceive that successful communication is useful to the listener 599 

(Kuhlen & Brennan, 2013; Lockridge & Brennan, 2002). In short, feedback appears to shape speech registers 600 

because it induces the production of clear features such as vowel hyperarticulation. 601 

With regards to FDS, only one study to date has assessed the role of feedback on its realization. 602 

Warren-Leubecker and Bohannon (1982) directly explored the role of feedback on the online adjustment of 603 

speech during native speaker and non-native listener interactions. They found that regardless of non-604 

natives’ L2 proficiency levels, lower FDS speech rates were mostly driven by feedback indicating that 605 

communication had failed. This result, together with previous findings from NDS studies, suggests that 606 

feedback may play a significant role in FDS production (see Suffill et al., 2021 for evidence on lexical 607 
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alignment with non-native listeners). Alternatively, negative feedback could demonstrate comprehension 608 

difficulties, indicating the listener has low proficiency. In this case, FDS might be elicited mainly as a 609 

function of the listener’s language proficiency level. To test these possibilities, future research should focus 610 

on disentangling main effects and the interaction between feedback and proficiency in order to define the 611 

role of each of those factors on FDS production. Warren-Leubecker and Bohannon’s (1982) evidence on the 612 

feedback mechanism supports the H&H hypothesis (see Section 4) that FDS serves a didactic purpose in 613 

response to a listener’s linguistic needs. However, future research should aim to establish whether didactic 614 

purpose and feedback determine the acoustic changes in FDS to a similar degree and whether their effects 615 

can indeed be disentangled to provide a more precise explanation for the observed properties of FDS.  616 

In Section 5, we showed that FDS features are influenced by multiple factors, some related to 617 

listeners and others to speakers (see Figure 3 for a summary). FDS is the result of a complex set of factors, 618 

which include, for instance, adaptations to low proficiency listeners and the nature of the personal 619 

interaction between interlocutors. Lastly, we discussed that speech is adapted according to feedback from 620 

listeners in line with the goals of successful communication. The information presented in Section 5 621 

indicates that FDS is not a static register, but rather adapts to situations, context, and interlocutors’ 622 

interactions. The dynamic nature of FDS is strictly bound to its didactic purpose, and Section 6 provides a 623 

discussion of FDS features in relation to other clear speech registers that will further help to understand 624 

this aspect.  625 

INSERT FIGURE 3 ABOUT HERE 626 

 627 

6. Differences and commonalities between FDS and other clear speech styles 628 

A comparison between FDS and IDS suggests that both registers serve a didactic function:  they are 629 

produced to enhance language acquisition. By contrast, the clear features of Lombard Speech cannot serve 630 

this function; this register simply reflects the need to communicate clearly in a noisy environment. But 631 
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similar acoustic adjustments might result from different underlying purposes, adaptation to listeners’ 632 

needs, and communicative goals. 633 

6.1 Comparing FDS and IDS 634 

IDS is the speech register that adults use in interactions with young infants (Golinkoff et al., 2015). 635 

It has a number of linguistic, emotional, and acoustic characteristics that differentiate it from Adult 636 

Directed Speech (ADS, which is equivalent to NDS), including simplified grammar (Soderstrom, 2007), warm 637 

positive affect (Kitamura & Burnham, 2003), changes in speech timbre (Piazza et al., 2017), low speech rate 638 

(Panneton et al., 2006), exaggerated pitch height and range (Fernald et al., 1989), and acoustic 639 

exaggeration of vowels (Kuhl et al., 1997). Vowel hyperarticulation in IDS (Burnham et al., 2015; Cristia & 640 

Seidl, 2014; Kalashnikova & Burnham, 2018), has been proposed to serve a specific linguistic function, 641 

similar to FDS. Compared to ADS, caregivers using IDS significantly expand the acoustic space between the 642 

three corner vowels /i/, /u/, and /a/. This is proposed to result in clearer speech that helps infants 643 

discriminate the phonetic categories of their native language and later reproduce them in their own vocal 644 

tract. However, this proposal has been debated in IDS literature (Cristia, 2013). First, while vowel 645 

hyperarticulation in IDS has been reported for a number of languages including English (Adriaans & 646 

Swingley, 2017; Burnham et al., 2002; Kalashnikova & Burnham, 2018), Russian and Swedish (Kuhl, 1997), 647 

Spanish (García-Sierra et al., 2021), and Mandarin Chinese (Liu et al., 2009), it has not been detected in 648 

Dutch (Benders, 2013), German (Audibert & Falk, 2018), or Norwegian (Englund & Behne, 2005) IDS. 649 

Second, vowel categories in IDS are more variable than those in ADS, so despite the expansion of the space 650 

between corner vowels, overall vowel clarity is reduced, and non-corner vowel categories are less 651 

discriminable (Cristia & Seidl, 2014; Martin et al., 2015; McMurray et al., 2013). This evidence has led to the 652 

proposal that vowel hyperarticulation in IDS does not facilitate language acquisition but is instead a by-653 

product of other affective adjustments made in this register such as changes in voice quality and smiling 654 

(Benders, 2013; Miyazawa et al., 2017).  655 

Hence, it is possible that the acoustic exaggeration of vowels observed in IDS and FDS stem from 656 

different speaker intentions and articulatory mechanisms. Kalashnikova, Carignan, and Burnham (2017) 657 
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provided the first direct evidence for this possibility. In their study, mothers spoke to an adult in a typical 658 

manner (ADS), to an adult in a clear and exaggerated manner (exaggerated speech, ES), and to their infant 659 

(IDS) while their tongue and lip movements were measured using electromagnetic articulography. Acoustic 660 

analyses of maternal speech indicated that ES and IDS contained more hyperarticulated vowels than ADS. 661 

However, mothers exaggerated their tongue movements, that is, actually hyperarticulated speech, only in 662 

ES and not IDS. Acoustic exaggeration of vowel F1 and F2 in IDS, was instead explained to result from the 663 

significantly greater reduction in the size of the vocal tract through laryngeal raising in IDS compared to 664 

both ES and ADS. This adjustment is typically observed when a speaker wants to appear smaller and less 665 

threatening. The authors proposed that the acoustic exaggeration of vowels in IDS may have originated as a 666 

by-product of a maternal intent to sound friendly and comfort infants. However, while not originally aimed 667 

at facilitating infants’ language development, this ‘accidental’ component of IDS may have acquired a 668 

secondary linguistic function.    669 

In line with this proposal, there is evidence that vowel exaggeration is modulated by infants’ 670 

linguistic and processing needs, and that infants benefit from this component of speech input. First, 671 

reduced vowel exaggeration has been reported in IDS to infants who are unable to hear their mothers’ 672 

speech (Lam & Kitamura, 2012), or when infants are at-risk for a language processing disorder such as 673 

dyslexia (Kalashnikova et al., 2018; 2020). Thus, mothers appear to adjust the vowel properties of their IDS 674 

to the specific needs of their infant audiences. Second, hyperarticulated vowel sounds elicit more mature 675 

neural responses and more successful sound discrimination in nine-month-old infants (Peter et al., 2016) 676 

and facilitate word recognition in 19-month-olds (Song et al., 2010). Critically, these relations are observed 677 

at the level of individual mother-infant dyads: mothers who exaggerate vowels to a greater extent in their 678 

IDS have infants with more advanced speech perception skills (Kalashnikova & Carreiras, 2021; Liu, Kuhl, & 679 

Tsao, 2003) as well as larger concurrent and future vocabularies (Hartman et al., 2017; Kalashnikova & 680 

Burnham, 2018; Lovcevic et al., 2020).  681 

The prosodic components of IDS, namely slow rate, pitch height, and pitch range also facilitate 682 

speech processing and lead to positive language acquisition outcomes in young infants (Spinelli et al., 683 
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2017). This is interesting given that these speech components are typically associated with the affective 684 

function of the register and are not consistently found in other clear speech registers including FDS 685 

(Biersack et al., 2005; Uther et al., 2007; Knoll et al., 2009a, 2011a; 2011b; Lorge & Katsos, 2019; Bobb et 686 

al., 2019). For instance, speech stimuli with the prosodic properties of IDS have been shown to facilitate 687 

infants’ neural encoding of speech (Kalashnikova, Peter, et al., 2018; Zangl & Mills, 2007), vowel 688 

discrimination (Trainor & Desjardins, 2002), segmentation of continuous speech (Thiessen et al., 2005), and 689 

word learning (Graf Estes & Hurley, 2013; Ma et al., 2011). Adults also benefit from these properties as they 690 

are more successful at learning novel words when they are produced in IDS than in ADS (Golinkoff & Alioto, 691 

1995; Ma et al., 2020).  692 

As can be seen, some but not all IDS components overlap with FDS, and these similarities and 693 

differences have been used to support the claim that these components can occur independently of each 694 

other and are dynamically adjusted according to the specific emotional and linguistic needs of each 695 

audience (Burnham et al., 2002; Kalashnikova, Goswami, et al., 2018; Uther et al., 2007). However, more 696 

recent research has identified more nuanced similarities and differences between these two registers that 697 

help us better understand their possible didactic functions and roles in facilitating language acquisition and 698 

processing. It appears that vowel hyperarticulation and low speech rate are manifested to a similar degree 699 

in FDS and IDS (Uther et al., 2007; Lorge & Katsos, 2019; Martin et al., 2016). The main difference between 700 

the registers consists of the lack of pitch exaggeration in FDS compared to IDS, particularly with regards to 701 

the exaggeration of pitch contours (Knoll et al., 2015) and overall pitch height (Uther et al., 2007).  702 

 This review suggests that IDS and FDS share several components that may assist speech processing 703 

and language learning in their intended audiences. Infants benefit from the acoustic components of IDS 704 

when they occur in isolation or in unison, and there is some evidence that these components can also lead 705 

to processing benefits in adults. However, the presence of individual components in IDS is modulated by 706 

infants’ age and linguistic experience. It is plausible that similar effects due to language proficiency can be 707 

observed in FDS. In fact, neglecting the importance of L2 proficiency may have led to inconsistent findings 708 

regarding the individual components of FDS and how they facilitate L2 perception and learning.  709 
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6.2 Comparing FDS and LS 710 

 Lombard speech (LS) is a register elicited when speakers have to counter background noise 711 

(Lombard, 1911). Compared to NDS, its characteristic articulatory and acoustic features include loudness, 712 

articulatory effort, low speech rate, and hyperarticulation (Garnier et al., 2006; Garnier et al., 2018; 713 

Sankowska et al., 2011; Hazan et al., 2015). Most of these features are shared with FDS, including loudness, 714 

low speech rate, and hyperarticulation (Hazan et al., 2015; Sankowska et al., 2011), but research has also 715 

uncovered several key differences. With regards to loudness, some research reported FDS to be louder 716 

than NDS, as we noted in Section 2.3. However, to the best of our knowledge, there is one study that has 717 

compared intensity across LS and FDS and it found no significant difference between the registers (Hazan et 718 

al., 2015). Whereas the difference between FDS and NDS could be predicted, the lack of distinction 719 

between FDS and LS is surprising. In fact, we would instead expect LS to be significantly louder than FDS 720 

since the latter is not specifically intended to overcome noise. This predicted difference also aligns with 721 

accommodation theories, which predict speakers adjust to better accommodate listeners’ needs.  722 

Sankowska et al. (2011) explored other aspects of speech that distinguish FDS from LS. In this study, 723 

the authors found that FDS emphasizes phoneme duration contrasts that help distinguish short from long 724 

speech sounds, whereas LS emphasizes duration differences less than FDS. Hazan et al. (2015) compared 725 

NDS, FDS and two acoustic barriers, namely, vocoded and noisy speech. Compared to NDS, speakers 726 

modified their speech across all other conditions, but in the vocoded condition they lowered speech rate, 727 

lengthened words, and hyperarticulated vowels more than in FDS. As can be seen, LS and FDS share similar 728 

acoustic features, which are manifested to different extents. Specifically, the available results to date 729 

suggest that LS uses more hyperarticulated vowels and slower speech rates (lengthened words) than FDS, 730 

but FDS uses length contrastively to highlight phoneme differences to a greater extent than LS. 731 

LS and NDS share a native audience, but LS is a clearer register produced to counteract interference 732 

that lowers the intelligibility of the message for native listeners, who otherwise (without interference) 733 

would understand it perfectly. In fact, LS is only designed to overcome acoustic interference; the addressee 734 

faces no linguistic difficulty and has no need to learn the language. In short, LS does not have a didactic 735 
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purpose. This is in line with the differences described in the features of LS and FDS and the perception of LS 736 

by both native and non-native listeners. In fact, Cooke & Lecumberri (2012) discovered that non-native 737 

listeners are not able to take advantage of LS clarity like native speakers (see also Bradlow and Benet, 2002 738 

for a similar effect on clear speech), suggesting that LS and FDS fulfil different functions.  739 

The comparison between FDS and LS shows that the aims of communication and addressees are 740 

crucial for eliciting speech registers. The didactic function of FDS is not limited to hyperarticulation, given 741 

that LS also exhibits this feature, but it does not serve a didactic purpose. The fact that both FDS and LS are 742 

characterized by low speech rates and vowel hyperarticulation does not make them similar versions of 743 

clear speech. Rather, speech registers result from the sum of various factors such as the speaker’s intention 744 

and the specific communicative goal (e.g., to overcome linguistic difficulties in the case of FDS vs. noise in 745 

the case of LS). These factors, together with the addressee’s linguistic needs and identity, seem to be the 746 

most relevant factors in eliciting specific speech styles and their respective acoustic features (see Knoll et 747 

al., 2015 for similar results on FDS vs. speech directed to people with hearing impairments).  748 

 In Section 6, we discussed the differences and commonalities between FDS and two other clear 749 

registers. By comparing and contrasting acoustic features, we established that FDS and IDS are both likely 750 

to serve didactic purposes that nevertheless differ in some respects. In fact, we saw that the origin of the 751 

didactic function of these two registers is regulated by the specific needs of their audiences: addressee 752 

identity plays an important role in defining the characteristics and purpose of each register. As for FDS and 753 

LS, the evidence suggests that the two registers have highly similar acoustic features (loudness, low speech 754 

rate and vowel hyperarticulation), but that specific manifestations of these features may derive from 755 

different speaker intentions and listener needs. Loudness in LS is justified by its need to overcome 756 

background noise, which is not the case in FDS. Perceptual studies would help to untangle the differences 757 

and similarities between these registers in an objective manner. Ratings of clarity and other types of 758 

subjective ratings could help advance our understanding of the differences between these registers and 759 

their purposes (see Rothermich et al., 2019). With this in mind, the next section turns to existing research 760 

that has investigated the perception of FDS by native and non-native listeners.  761 
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7. Perception of FDS  762 

Without the appropriate level of speech accommodation, non-native listeners experience 763 

frustration and lose interest in L2 learning (Zuengler, 1991; Kemper et al., 1995; Margić, 2017). The 764 

appreciation of FDS may depend on whether it meets their needs without being either overaccommodating 765 

or patronizing (Perdue, 1984; Coupland et al., 1988; Lindblom, 1990). According to the didactic view of FDS 766 

and our discussion above, both affect and clarity perceptions of FDS depend on the non-native listener’s L2 767 

proficiency (Chaudron, 1978; Dahl, 1981; Snow et al., 1981; Xu et al., 2013). However, studies on listener’s 768 

perceptions of FDS are scarce and most focus only on the emotional valence of FDS using listener affective 769 

ratings (as discussed in Section 3). On the other hand, very few studies have focused on FDS intelligibility, 770 

or on how clear and useful L2 listeners consider FDS to be. Here we point out the most relevant results 771 

regarding the perceived clarity of FDS first by non-native listeners and then by native listeners.  772 

Non-native listeners. Congruent with theories of accommodation and the didactic function 773 

hypothesis (Lindblom, 1990; Uther et al., 2007), non-native listeners tend to rate FDS as being clearer than 774 

NDS, possibly because FDS meets their needs for language learning (Hazan et al., 2015). In Bobb et al. 775 

(2019), participants had to assign clarity scores to FDS and NDS without knowledge of what register they 776 

were hearing; the non-native listeners rated FDS as clear speech, whereas NDS was rated as less intelligible. 777 

In Kangatharan et al. (2015), early and late L2 learners listened to samples of FDS and NDS with low to high 778 

levels of added noise and assessed their clarity by using a Likert scale. All participants perceived FDS to be 779 

clearer than NDS regardless of their L2 proficiency, and an interaction between noise level and speech 780 

register showed that FDS clarity was less affected by noise than NDS. Such results are crucial because they 781 

demonstrate that FDS is sharply differentiated from NDS (Depaulo & Coleman, 1981; Knoll et al., 2011a), 782 

and that it possibly boosts L2 intelligibility for non-native listeners. This is in line with the finding that non-783 

native listeners do not consider LS to be as clear as native listeners do (Cooke & Lecumberri, 2012), 784 

supporting the assumption that LS lacks any didactic function. It appears that non-native listeners perceive 785 

FDS to be clearer than LS since only the former is intended to meet their linguistic and communicative 786 

needs. It is important to underline that, although most general features of FDS (e.g., low speech rate) likely 787 
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enhance speech clarity for non-native listeners of any L1, it is also probable that this clarity effect partially 788 

depends on the non-native listeners’ L1 and on whether production of FDS is oriented to accommodate 789 

listeners of that specific language.  790 

The studies reported above indicate that FDS supports speech clarity at any level of L2 proficiency, 791 

but all conclusions are based on subjective survey ratings, and objective measurements of actual speech 792 

processing and comprehension are missing. Neuroimaging techniques would provide a way to obtain 793 

measurements that do not depend on raters’ metacognitive skills and would directly assess the benefits of 794 

FDS. The only study to date that has employed this approach is Uther et al. (2012) who used 795 

electroencephalography (EEG). They recorded event related potentials (ERPs) derived from the perception 796 

of hyperarticulated words and measured mismatch negativity (MMN), which is an index of auditory 797 

discrimination. To assess whether vowel hyperarticulation helped L2 listeners to discern vowel contrasts, 798 

native and non-native listeners were tested in a word listening task, in which words were produced with 799 

either standard or hyperarticulated vowels. Results showed that the phonetic changes were detected 800 

regardless of the listener’s language status: MMN was elicited by hyperarticulated vowels in both native 801 

and non-native listeners. This finding leaves open the questions of whether non-native listeners benefit 802 

from hyperarticulated vowels to perceive L2 phonemic contrasts and whether FDS enhances L2 perception 803 

as compared to NDS. In fact, the non-native participants had a high level of proficiency (about 9 years of L2 804 

use) and were living in the country where their L2 was used at the time of the experiment. Hence, non-805 

native participants had likely already acquired the phonological contrast used in the experiment, and they 806 

did not need hyperarticulation to aid its detection. Therefore, the question of whether L2 listeners benefit 807 

from vowel hyperarticulation remains open and requires further research, especially on non-native 808 

listeners with low levels of L2 proficiency. 809 

Native listeners. Kangatharan et al. (2015) also asked native listeners to rate how clear they found 810 

FDS and NDS (with or without noise). Like non-native listeners, native listeners perceived FDS to be clearer 811 

than NDS, indicating that FDS is indeed a type of clear speech. In line with this finding, Hazan et al. (2015) 812 

explored native listeners’ perception of clarity in FDS compared to NDS and Lombard Speech, which, as 813 
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discussed above, exhibits a similar degree of vowel hyperarticulation as FDS but lacks its proposed didactic 814 

purpose. To do this, the authors used naturally elicited LS, FDS, and NDS (e.g., LS was elicited in a native-815 

native conversation with added noise) and calculated the number of words produced by speakers to 816 

complete the task as an index of communicative difficulty. Hazan et al. (2015) reported that the speakers 817 

experienced greater communicative difficulty in the FDS compared to the LS condition (see Knoll et al., 818 

2011a for similar results). Nevertheless, naïve raters who listened to those conversations in the absence of 819 

noise considered FDS to be clearer than NDS but less clear than LS. Hazan et al. (2015) offered the 820 

interesting explanation that register features that make speech clearer do not merely depend on the level 821 

of communicative difficulty. Such results support our discussion in Section 6.2 (comparing FDS and Lombard 822 

speech) by demonstrating that difficult listening conditions per se and the need for clarity are not sufficient 823 

for eliciting FDS.  824 

Understudied aspects of FDS perception. In Hazan et al. (2015), native listeners and non-native 825 

listeners with low and mid-level proficiency rated FDS to be clearer than LS. Crucially, all three groups 826 

considered FDS to be clearer than NDS (as in Kangatharan et al., 2015), suggesting that FDS is perceived 827 

differently (and perceived to be clearer) at all levels of language proficiency. However, the lack of 828 

difference among the three listener groups, most importantly between the native and non-native listeners, 829 

does not offer support to the hypothesis that FDS has a didactic impact. In fact, research has not yet 830 

addressed whether FDS enhances language acquisition for L2 learners or whether, on the contrary, the sole 831 

way to improve L2 perception and production is exposure to native and peer to peer register (Margić, 832 

2017). That is, no perceptual studies to date have explored the effects of FDS perception on L2 learning 833 

directly. As suggested above, research must address the effects of FDS exposure on non-native listeners’ 834 

speech processing in order to understand its actual role in the process of L2 acquisition. If there is evidence 835 

that this register performs a didactic impact, non-native listeners would be expected to gain greater 836 

benefits from listening to FDS than native listeners, and to learn more when exposed to FDS compared to 837 

NDS. Note that perceptual ratings may also fail to highlight such differences because of intrinsic limits to 838 

subjective evaluations. One possibility is to expand research on FDS perception with neuroimaging 839 
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techniques that provide more objective measurements of the phenomenon and to use them in 840 

combination with behavioural methods. We discuss this possibility in the next section. 841 

8. Future directions and conclusion 842 

This article reviewed the evidence for the FDS function of increasing speech intelligibility and 843 

facilitating L2 learning, by considering the main acoustic features and the factors influencing them. Low 844 

speech rate and vowel hyperarticulation were identified as the main features of FDS. We also examined 845 

research on additional acoustic features in FDS, such as wide pitch range and high intensity, which are still 846 

debated in the literature. Evidence revealed that FDS is a register based on listeners’ identities, 847 

communicative needs and goals, and situational factors, such as the instructions provided for performing 848 

an experimental task. This suggests that FDS has a didactic purpose. Our discussion was grounded in the 849 

leading theoretical frameworks that account for the acoustic properties of FDS and supported by 850 

comparing FDS to two other clear speech registers, IDS and LS. We also reviewed empirical literature that 851 

has assessed the perception of FDS by native and non-native listeners, which yielded the following main 852 

findings. First, FDS is positively perceived only by non-native listeners, who also rate it to be clearer than 853 

NDS. Although native listeners rated FDS negatively, they still consider it to be clearer than NDS. This 854 

consensus further backs up the status of FDS as a clear speech register that is easily differentiated from 855 

NDS (Hazan et al., 2015; Uther et al., 2007). Second, FDS reduces vowel ambiguity in speech, which may 856 

provide listeners with useful information on how to perceive foreign sounds and (perhaps) produce them. 857 

Finally, clarity ratings of LS – a clear register meant to overcome communication noise – highlight that non-858 

native listeners give LS lower clarity scores than native listeners. Taken together, this evidence from clarity 859 

ratings suggests FDS has a didactic impact in contrast to LS and NDS. However, further work is required to 860 

produce conclusive evidence for these possibilities and to understand whether non-native listeners benefit 861 

from FDS in the process of L2 acquisition. In this section, we discuss the open questions that we consider to 862 

be the most relevant directions for future research. 863 
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The first open question regards the typical acoustic characteristics of FDS (see Section 2), and 864 

whether these features are universally present in this register. For instance, it is not clear if speech rate is a 865 

feature of FDS present across languages, given that some research has shown mixed results for French and 866 

English (Smith, 2007; Kühnert & Antolík, 2017). Other features such as wide pitch range have simply not 867 

been adequately investigated in languages other than English to assess their universality. Further 868 

investigation is also needed on speaker status to determine whether speaker’s identity (see Section 5) plays 869 

a role in eliciting FDS; it remains unclear whether all speakers produce FDS features to a comparable 870 

extent. Such factors could, for instance, include gender, based on evidence from one study (Lorge & Katsos, 871 

2019) showing that women tend to hyperarticulate speech more than men. Another and highly interesting 872 

factor to investigate is speakers’ bilingual status. It is plausible that bilinguals are better than monolinguals 873 

at adapting their speech to L2 listeners and at responding to audience needs and feedback (Lorge & Katsos, 874 

2019). Moreover, it is probable that bilinguals who are also L2 teachers are particularly good at adapting 875 

their speech to their students’ L1. Therefore, future experiments should investigate FDS production in 876 

bilinguals, expanding research in this field to languages other than English, and employing research designs 877 

that control for additional factors such as interlocutors’ identities, listener’s feedback, and adopt 878 

ecologically valid interactions for elicitation of FDS.  879 

Relatedly, FDS features may be subject to other contextual variables such as the nature of the 880 

interaction, speaker familiarity, and communicative context. We hypothesize that contextual factors, such 881 

as listeners’ feedback and communicative goals, are similarly relevant in determining the acoustic 882 

modifications in FDS, as described in Section 5. Evidence that communicative goals shape FDS, and that 883 

feedback due to miscomprehension induces further exaggeration of FDS features is essential for 884 

strengthening the claim that FDS serves a didactic purpose. To achieve this, future studies need to gather 885 

detailed demographic and linguistic information on both speakers and listeners, such as language 886 

background, proficiency, and accents.  887 

Another outstanding question relates to the independence of the acoustic features of FDS. That is, 888 

one important venue for future research is to explore whether all the acoustic features of this register 889 
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systematically co-occur, or whether they manifest independently from each other, serving different 890 

purposes for the speaker and the addressee. This is an important theoretical point for a better 891 

understanding of all clear registers, and FDS in particular. A parallel with other audience-oriented styles 892 

may point to an answer to this question (see Section 6). For instance, if we turn to developmental changes 893 

in IDS, we notice that several properties of IDS undergo drastic reshaping as the baby grows. In fact, pitch 894 

and speech rate in IDS seem to be adjusted to the infant’s increasing age and linguistic ability, and become 895 

more adultlike in the second and third years of the child’s life (Narayan & McDermott, 2016). Importantly, 896 

unlike other features, vowel hyperarticulation in IDS does not vary with infants’ age, possibly reflecting the 897 

infants’ continuing need to acquire language (Kalashnikova & Burnham, 2018; Liu et al., 2009). This 898 

suggests all the typical features of IDS do not need to co-occur and manifest to similar extents. This may 899 

also be the case for FDS. If future studies confirm the same pattern of vowel hyperarticulation and speech 900 

rate adjustments in FDS based on the characteristics of the listener (i.e., L2 proficiency and accentedness), 901 

this will reinforce the link between IDS and FDS and their didactic purposes.  902 

Relatedly, the possibility that FDS may be characterized by a continuum of speech adjustments and 903 

accommodation requires attention in future research. Is FDS an on/off register, or does it occur on a 904 

continuum that goes from no adaptation (when the foreigner has a high level of phonological and linguistic 905 

competence) to the maximum grade of speech modifications with naïve L2 listeners. The results reported in 906 

Section 3 suggest that the latter may be the case, and that speech rate and vowel hyperarticulation might 907 

be modulated as a function of listeners’ L2 proficiency. This aspect could be clarified via longitudinal studies 908 

on L2 acquisition and exposure to FDS, from naïve learners to proficient speakers. This may also reveal 909 

whether non-native listeners who are exposed to FDS benefit in terms of language learning (i.e., phonemes 910 

perception and pronunciation), as is proposed for IDS. If the continuum assumption is confirmed, this 911 

would constitute strong evidence for the didactic account of FDS and help confirm that FDS is the outcome 912 

of the speakers’ unconscious goal to teach phonological contrasts to a non-native audience (Uther et al., 913 

2007).  914 
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Combined behavioural and electrophysiological designs can offer an avenue for answering many 915 

open questions on FDS. The use of EEG can provide insight into the cognitive processes involved in listening 916 

to and interpreting hyperarticulated vowels and the effects of low speech rate on the brain activity of L1 917 

and L2 speakers and listeners. As a complementary measure, ratings of speech segments by both native 918 

and non-native listeners would provide information on intelligibility, clarity, and emotional valence, which 919 

would be useful for interpreting the electrophysiological data. In addition, new techniques may assist the 920 

study of FDS production – which has never been assessed with neuroimaging techniques – because they 921 

efficiently limit the influence of muscular artifacts (Porcaro et al., 2015). Thus, we expect that future studies 922 

will make the most of available methods to investigate the cognitive processes of listener-oriented speech 923 

production as well. These future directions can be extended to include magnetoencephalography (MEG) 924 

and functional-Magnetic Resonance Imaging (fMRI), providing further fundamental information on the 925 

brain dynamics and localization of cognitive processes related to processing FDS. 926 

To conclude, FDS likely boosts non-native listeners’ speech comprehension. This is probably due to 927 

speakers’ accommodating listeners’ linguistic needs and results in adjustments such as vowel 928 

hyperarticulation and low speech rate. Nevertheless, further evidence that speakers adapt FDS to factors 929 

such as listener proficiency, listener feedback, and the specific aims of communication, is required to 930 

confirm theories that propose that FDS supports speech accommodation. Crucially, a deeper understanding 931 

of the factors that influence FDS production and perception is relevant for models of second language 932 

acquisition and can inform theoretical and practical approaches to second language instruction. If FDS 933 

serves a didactic purpose, it is imperative to assess how it benefits non-native listeners’ perception and/or 934 

production of L2 phonological contrasts, and more generally, helps them learn their L2. Establishing that 935 

naïve L2 listeners appreciate and learn better when exposed to FDS would suggest that FDS is an important 936 

tool for second language teaching and for understanding all listener-oriented registers.  937 

Supplementary material 938 
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A supplementary table summarizing designs and findings of the published studies that have assessed vowel 939 

hyperarticulation, speech rate, or pitch correlates of FDS can be consulted at 940 

https://osf.io/ndhr2/?view_only=baf8920dde914076b854ff322b499959 941 
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 1361 

Figure 1. Example of a hyperarticulated vocalic triangle compared to the realization of standard 1362 

vowels (not based on real data). The X-axis represents F2 values (Hz); the Y-axis represents F1 values (Hz). 1363 

 1364 

Figure 2. Summary of the features of FDS. “Evidence supporting its presence” means that there is evidence 1365 
in favour of this feature. Features reporting“Under debate”mean that there is still little or mixed evidence.  1366 
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Figure 3. Summary of the factors influencing FDS realization. “Evidence supporting its presence” means that 1372 
there is evidence in favour of this factor. Factors reporting“Under debate”mean that there is still little or mixed 1373 
evidence. 1374 
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