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Abstract (350 words) 24 

Anecdotal evidence suggests that unfamiliar languages sound faster than one’s native 25 

language. Empirical evidence for this impression has, so far, come from explicit rate 26 

judgments. The aim of the present study was to test whether such perceived rate differences 27 

between native and foreign languages have effects on implicit speech processing.  28 

 29 

Our measure of implicit rate perception was “normalization for speaking rate”: an 30 

ambiguous vowel between short /a/ and long /a:/ is interpreted as /a:/ following a fast but as 31 

/a/ following a slow carrier sentence. That is, listeners did not judge speech rate itself; instead, 32 

they categorized ambiguous vowels whose perception was implicitly affected by the rate of 33 

the context. We asked whether a bias towards long /a:/ might be observed when the context is 34 

not actually faster but simply spoken in a foreign language.  35 

 36 

A fully symmetrical experimental design was used: Dutch and German participants listened 37 

to rate matched (fast and slow) sentences in both languages spoken by the same bilingual 38 

speaker. Sentences were followed by nonwords that contained vowels from an /a-a:/ duration 39 

continuum.  40 

 41 

Results from Experiments 1 and 2 showed a consistent effect of rate normalization for both 42 

listener groups. Moreover, for German listeners, across the two experiments, foreign 43 

sentences triggered more /a:/ responses than (rate matched) native sentences, suggesting that 44 

foreign sentences were indeed perceived as faster. Moreover, this Foreign Language effect 45 

was modulated by participants’ ability to understand the foreign language: those participants 46 

that scored higher on a foreign language translation task showed less of a Foreign Language 47 

effect. 48 

 49 

However, opposite effects were found for the Dutch listeners. For them, their native rather 50 

than the foreign language induced more /a:/ responses. Nevertheless, this reversed effect 51 

could be reduced when additional spectral properties of the context were controlled for. 52 

Experiment 3, using explicit rate judgments, replicated the effect for German but not Dutch 53 

listeners.  54 

 55 

We therefore conclude that the subjective impression that foreign languages sound fast may 56 

have an effect on implicit speech processing, with implications for how language learners 57 

perceive spoken segments in a foreign language.  58 

 59 

 60 

Keywords: speech rate; speech segmentation; rate normalization; second language 61 

acquisition; L2 speech perception; ‘Gabbling Foreigner Illusion’. 62 

  63 
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Introduction 64 

It is a common impression that foreign languages seem to be spoken faster than one’s own 65 

native language. This subjective impression manifests itself, for instance, in remarks of many 66 

language learners, frequently asking their interlocutors if they can please slow down. The 67 

effect has been termed the ‘Gabbling Foreigner Illusion’ by Cutler (2012, p. 338) and has 68 

attracted the attention of speech scientists for many decades (cf. Osser & Peng, 1964). 69 

 70 

Empirical evidence for this Foreign Language effect (as it will be referred to throughout 71 

this paper) in speech rate perception has been provided with tasks in which listeners had to 72 

judge or sort the speech rate of sentences in different languages. For instance, Schwab and 73 

Grosjean (2004) presented recordings of French short stories, read at various rates, to a group 74 

of 96 native French speakers (i.e., native listeners) and a group of 96 Swiss German speakers 75 

(i.e., non-native listeners). They observed a clear Foreign Language effect in the rate 76 

judgments collected: on average, non-native listeners reported a higher speaking rate 77 

compared to the native listeners, even though both groups had been presented with the same 78 

French recordings. Moreover, the authors found a negative correlation between this Foreign 79 

Language effect and foreign language comprehension scores: the better the learners were able 80 

to understand the content of the stories, the smaller the Foreign Language effect (i.e., the 81 

smaller the difference in rate judgments to the native listeners). 82 

 83 

Similar evidence has been found in a symmetrical experimental design by Pfitzinger and 84 

Tamashima (2006), who asked German and Japanese listeners to order sentences in both 85 

languages according to their perceived rate. It appeared that Japanese listeners overestimated 86 

the speech rate of German by 7.5% (relative to the German participants), and German 87 

listeners overestimated Japanese speech rate by 9.1% (relative to the Japanese participants).  88 

 89 

Critically, the use of a symmetrical design and the presence of the Foreign Language effect 90 

in both listener groups in Pfitzinger and Tamashima (2006) suggests that its origin cannot 91 

solely be explained on the basis of differences in the rhythmic structure of the two languages. 92 

German is considered a "stress timed" language, where stressed syllables alternate with 93 

unstressed syllables (Grabe & Low, 2002). Japanese, in contrast is considered a "mora-timed" 94 

language (Ramus, Nespor, & Mehler, 1999). Due to these differences in rhythm, the two 95 

languages differ in the number and nature of allowed syllable structures; for instance, German 96 

allows for more complex structures than Japanese. This in turn could have influenced how 97 

speech rate is perceived. If speech rate is measured as the number of syllables per second, rate 98 

could be expected to be higher for Japanese than German since potentially more syllables fit 99 

into a second given the simpler syllable structures in Japanese. However, despite these 100 

differences in language structure as well as potential differences in processing strategies 101 

associated with rhythm (Cutler, 2012), both listener groups judged the foreign language as 102 

faster. 103 

 104 

Interestingly, empirical evidence for the Foreign Language effect has even been found in 105 

closely related language pairs, such as French and Spanish that are both considered to be 106 

"syllable timed" languages (Ramus et al., 1999). Schwab (2014) collected rate judgments 107 

from native (L1 Spanish) and non-native (L1 French) speakers of Spanish and showed that 108 

the non-native French speakers overestimated the speech rate in Spanish. Differences in 109 

rhythmic patterns between languages are hence unlikely to cause the Foreign Language 110 

effect. 111 
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 112 

This leads to the question of the psycholinguistic origin of the Foreign Language effect. 113 

One suggestion has been that it relates to speech segmentation strategies: Resolving 114 

continuous speech into words is less efficient in non-native languages than in one's native 115 

language (Cutler, 2012; Cutler, Mehler, Norris, & Segui, 1983, 1986, 1989). Language skills 116 

and knowledge are weaker in non-native listeners (Segalowitz, 2010), and as a consequence 117 

non-native listeners cannot draw on the same prosodic, phonotactic, and lexical strategies as 118 

native listeners can to efficiently extract words from continuous speech. Thus, their 119 

segmentation of continuous speech produced in a foreign language is slowed. 120 

 121 

Neurophysiological support for delayed segmentation in non-native listeners has been 122 

provided by an ERP study by Snijders, Kooijman, Cutler, and Hagoort (2007). Analyses of 123 

ERP responses to word repetitions in isolation revealed no difference between natives and 124 

non-natives: both groups showed a more positive ERP response to later presentations of the 125 

same word. However, when the word repetitions were embedded in continuous speech, ERP 126 

repetition effects were only observed in the native listeners, not in the non-native listeners. 127 

This indicates that segmentation and detection of words in continuous speech is exceptionally 128 

difficult in non-native listeners and hence indeed could relate to the Foreign Language effect. 129 

 130 

So far, the implications of the Foreign Language effect for spoken communication have 131 

been limited to the overall impression that the listener has of the speech rate of a particular 132 

speaker. That is, researchers have only studied the Foreign Language effect by collecting 133 

explicit rate judgments. Participants in the studies introduced earlier were explicitly instructed 134 

to pay close attention to the speech rate in the speech materials and to provide evaluative 135 

judgments about the speech rate of a given stimulus after the stimulus had finished. Such 136 

experimental paradigms do not allow assessment of how the Foreign Language effect affects 137 

the cognitive processes involved in online speech comprehension. Moreover, because the 138 

judgments are provided relatively late in perceptual processing, they can be biased by many 139 

other factors such as stereotypes about how fast a certain language sounds. In fact, acoustic 140 

measures of speed of articulation have been shown to only explain 53% of the variance of 141 

explicitly perceived speed judgments (Bosker, Pinget, Quené, Sanders, & De Jong, 2013). 142 

 143 

Therefore, the present study investigated whether and how the Foreign Language effect 144 

would impact online speech processing. Rather than collecting explicit rate judgments, speech 145 

rate perception was tested implicitly by means of the ‘rate normalization’ paradigm. 146 

 147 

It has long been known that the perceived speech rate of a surrounding sentence can 148 

influence the perception of subsequent target words (Pickett & Decker, 1960). For instance, in 149 

the German minimal word pair bannen /banən/ “to ban” - Bahnen /ba:nən/ “tracks”, the vowel 150 

/a/ in the first syllable is short in bannen but longer in Bahnen. The perception of a vowel 151 

with a manipulated duration ambiguous between /a/ and /a:/ may be biased towards a 152 

particular interpretation depending on the perceived speech rate of the surrounding sentence 153 

(Reinisch, 2016a, 2016b). That is, if the target vowel is presented following a fast carrier 154 

sentence, target perception is biased towards the long vowel /a:/. If it is presented in a slow 155 

carrier sentence, perception is biased towards short /a/. This effect has been taken as evidence 156 

that listeners interpret segmental durations relative to the surrounding speech rate, hence 157 

referred to as ‘rate normalization’. The measure can be taken as measuring ‘implicit’ rate 158 

perception since listeners are asked to identify a target word rather than directly judge the rate 159 
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of the context. 160 

 161 

The present study adapted the ‘rate normalization’ paradigm to investigate implicit speech 162 

rate perception in a foreign language. Specifically, we asked whether a ‘rate normalization’ 163 

context effect (i.e., fast speech biasing perception towards a long vowel /a:/) may be observed 164 

when the context is not actually faster but simply spoken in a foreign language.  165 

 166 

Note that a previous study (Bosker, Reinisch, & Sjerps, 2017) has used implicit rate 167 

normalization to demonstrate effects of cognitive load on the perception of speech rate.  In 168 

that study, carrier sentences were shown to be perceived as faster when listeners were taxed 169 

by a simultaneously presented difficult visual search task. The same principle may apply to 170 

the perception of a foreign language: words in a foreign language are harder to segment out of 171 

the continuous speech stream (Snijders et al., 2007), thus taxing the perceptual system, and 172 

consequently inducing a higher perceived speech rate. 173 

 174 

To test the Foreign Language effect, we adopted a fully symmetrical design, with parallel 175 

experiments involving two listener groups listening to two different languages. The languages 176 

studied here were German and Dutch because both languages have a phonological /a-a:/ 177 

vowel duration contrast (for details, see Method), allowing for comparison of /a-a:/ 178 

categorization across the two languages. Note that, despite related vocabulary, German and 179 

Dutch are not mutually comprehensible without explicit focus or prior training. Importantly, 180 

the use of two closely related languages with similar grammar, syllable structures, and 181 

rhythm, allowed for maximal control of these structural factors while only varying the 182 

language.  183 

 184 

If the Foreign Language effect (i.e., the impression that foreign languages sound fast) does 185 

not only impact explicit evaluative judgments but also the online processing of speech, we 186 

may find that German listeners report more long target vowels (i.e., /a:/) after Dutch carrier 187 

sentences (a language unknown to them) than after rate matched German sentences (their 188 

native language). The opposite should hold for Dutch listeners (i.e., German as their foreign 189 

language should sound faster). By using two highly-related languages the presence of a 190 

Foreign Language effect would suggest that it is indeed the knowledge of the language that 191 

drives the effect.  192 

 193 

Moreover, along these lines and based on the studies by Schwab and Grosjean (2004) and 194 

Schwab (2014), we would expect this Language effect to interact with listeners’ ability to 195 

understand the foreign language: listeners who understand more words in the foreign 196 

language - here also referred to as higher proficiency in the foreign language
2
 - should show 197 

less of a Foreign Language effect. 198 

Experiment 1 199 

Method 200 

Participants. A group of native Dutch participants (N = 27; 18 females, 9 males; Mage = 201 

                                                           
2
 In the language learning literature, the term ‘proficiency’ is typically only used for second language learners; 

not for listeners who are entirely unfamiliar with a particular foreign language. In contrast, we use the term 

‘proficiency’ to refer to the ability to understand words in the foreign language, even if the foreign language has 

not been learnt in any way by most of our participants. 
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23) with little knowledge of German was recruited from the Max Planck Institute’s 202 

participant pool. Another group of native German participants (N = 23; 15 females, 8 males; 203 

Mage = 23) with little knowledge of Dutch was recruited. Of these 23 German participants, 20 204 

participants were recruited from the student population at the University of Munich; the 205 

remaining 3 participants were recruited from the Max Planck Institute’s participant pool. All 206 

participants reported to have normal hearing and gave written informed consent as approved 207 

by the Ethics Committee of the Social Sciences department of Radboud University (project 208 

code: ECSW2014-1003-196). Overall proficiency in the foreign language (FL) was assessed 209 

by means of self-reported listening skills. Participants rated “how well you understand 210 

spoken [Dutch/German]” on a scale from 1 (“absolutely no understanding”) to 7 (“very much 211 

understanding”): MDutch Group (SD) = 2.9 (1.0); MGerman Group = 0.8 (1.4); t(48) = 6.158, p < 212 

0.001. 213 

 214 

Design and materials. A female German-Dutch bilingual speaker (bilingual from birth; no 215 

accent in either language) was recorded producing 30 sentences in German and 30 sentences 216 

in Dutch. The Dutch sentences were paraphrases of the German sentences, matching in 217 

number of syllables (see Appendix). None of the sentences contained any /a/ or /a:/ vowels 218 

since these made up the critical contrast for the targets. Each sentence was recorded with one 219 

of three minimal pairs in sentence-final position, selected to be nonwords in either language: 220 

faft - faaft, fapt - faapt, fap - faap. 221 

 222 

From these recordings, carrier sentences (i.e., all speech up to target onset) were excised. 223 

Using PSOLA in Praat (Boersma & Weenink, 2016), the total duration of each Dutch-224 

German sentence pair was set to the mean duration of that pair. That is, the speaking rate of 225 

each sentence pair was equalized. Since the bilingual speaker produced the sentences at a 226 

rather slow speech rate, these (duration matched) carrier sentence pairs formed the slow 227 

condition in the experiments. Linear compression by a factor of 0.6 resulted in the fast 228 

condition. 229 

 230 

Target nonwords were manipulated with the aim to create an /a-a:/ duration continuum that 231 

is categorized similarly by Dutch and German listeners. In German, the contrast between /a/ 232 

(e.g., bannen “to ban”) and /a:/ (e.g., Bahnen “tracks”) is cued by temporal properties alone 233 

(i.e., without consistent co-variation of spectral properties; Jessen, 1993; Pätzold & Simpson, 234 

1997; Reinisch, 2016a, 2016b), with /a/ having a shorter duration than /a:/. In Dutch, the 235 

vowel contrast is cued by both spectral (/ɑ/ has relatively low formant values, particularly F2) 236 

and temporal properties (/ɑ/ has a relatively short duration; Adank, Van Hout, & Smits, 2004; 237 

Bosker, 2017a; Bosker et al., 2017; Escudero, Benders, & Lipski, 2009; Reinisch & Sjerps, 238 

2013). Because temporal variation influences both German and Dutch listeners in /a-a:/ 239 

categorization, a duration continuum from /a/ to /a:/ was created, while spectral properties of 240 

all steps on the continuum were controlled to be ambiguous for all listeners. 241 

 242 

One particular /a:/ vowel token was selected for manipulation using Burg’s LPC method 243 

and PSOLA in Praat. A two-dimensional spectral-temporal continuum was created around the 244 

average F2 and duration values of the speaker in both languages. Based on a pretest of this 245 

two-dimensional continuum with Dutch (N = 15) and German (N = 12) listeners (none 246 

participated in any of the other experiments), the most ambiguous spectral values (F1 = 655 247 

Hz; F2 = 1280 Hz) were selected to be used in a 5-step duration continuum from 120 to 160 248 

ms in steps of 10 ms for the main experiments. These five spectrally ambiguous vowel tokens 249 
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were categorized similarly by Dutch (average % /a:/ categorization: 55%) and German 250 

listeners (average % /a:/ categorization: 51%). This observation was confirmed with a 251 

Generalized Linear Mixed Model with a logistic linking function that was fit with the 252 

predictors Vowel Duration, Listener Group, their interaction and with Participant as a random 253 

factor (β = 0.299; p > 0.35). These vowel tokens were spliced into three consonantal frames 254 

(/f_p/; /f_pt/; /f_f/) resulting in 15 target nonwords. 255 

 256 

Procedure. In Experiment 1, each trial started with the presentation of a fixation cross. 257 

After 500 ms, the carrier sentence was presented, followed by a silent interval of 100 ms, 258 

followed by the target. At target offset, the fixation cross was replaced by a screen with two 259 

response options, one on the left, one on the right (position of /a/-/a:/ nonwords counter-260 

balanced across participants). Participants entered their response as to which of the two 261 

response options they heard (fap or faap, etc.) by pressing “1” for the option on the left, or 262 

“0” for the option on the right. After their response (or timeout after 4 seconds), the screen 263 

was replaced by an empty screen for 500 ms, after which the next trial was initiated. 264 

 265 

Language (native vs. foreign) was blocked, with order counter-balanced across 266 

participants. Participants were presented with 15 carriers in their L1 and the other 15 carriers 267 

in their FL to avoid carrier familiarity effects across blocks. One language block included 150 268 

randomized trials: 15 carriers x 2 rates x 5 vowel steps; the particular consonantal frame was 269 

selected using a Latin Square design. Participants were allowed to take a break in between 270 

language blocks. 271 

 272 

In order to assess participants’ recognition accuracy of the FL materials, participants were 273 

asked to translate the first 15 trials of the FL block into their L1. These first 15 trials all 274 

involved unique carrier sentences that participants had not heard before. Participants entered 275 

their translation after having given their categorization response; that is, they typed out their 276 

translation on the computer keyboard. Participants’ recognition accuracy was assessed by 277 

percentage of keywords correct. In order to match the L1 and FL blocks, participants also 278 

transcribed the first 15 trials of the L1 block. 279 

Results 280 

The Dutch group performed significantly better at translating German than the German 281 

group did in translating Dutch (in % keywords correct): MDutch Group (SD) = 54.3 (36.1); 282 

MGerman Group (SD) = 30.9 (33.2); t (724) = 8.892, p < .001. 283 

 284 

Before analyzing the categorization data, trials with missing categorization responses (n = 285 

53; <1%) were excluded from analyses. Categorization data, calculated as the percentage of 286 

/a:/ responses (% /a:/), are presented in Figure 1, separately for each listener group. As 287 

expected, an increase in target vowel duration led all listeners to report more /a:/ responses 288 

(all lines have a positive slope). The difference between the solid and dashed lines indicates 289 

an influence of the carrier’s speech rate, with faster speech rates (dashed lines) biasing 290 

perception towards the long vowel /a:/. Importantly, differences between the blue and red 291 

lines indicate effects of the precursor’s language, and it would seem that the language effect 292 

is in opposite directions for the two listener groups. 293 

 294 

[ INSERT Figure 1 ABOUT HERE ] 295 

 296 
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We quantified these effects using a Generalized Linear Mixed Model (GLMM; Quené & 297 

Van den Bergh, 2008) with a logistic linking function as implemented in the lme4 library, 298 

version 1.0.5, (Bates, Maechler, Bolker, & Walker, 2015) in R (R Development Core Team, 299 

2012). The dependent variable was response /a:/ (coded as 1) or /a/ (coded 0). Fixed effects 300 

were Vowel Duration (continuous predictor, centered and scaled around the mean), Carrier 301 

Rate (categorical predictor, with slow speech rate coded as -0.5 and fast speech rate as +0.5), 302 

Language (categorical predictor, with L1 coded as -0.5 and FL coded as +0.5), Listener 303 

Group (categorical predictor, with Dutch coded as -0.5 and German coded as +0.5), and the 304 

interaction between Language and Listener Group. The use of deviation coding of two-level 305 

categorical factors (i.e., coded with +0.5 and -0.5) allows us to test main effects of these 306 

predictors, since with this coding the grand mean is mapped onto the intercept. Participant 307 

and Carrier Item were entered as random factors with by-participant and by-carrier random 308 

slopes for Carrier Rate and Language (Barr, Levy, Scheepers, & Tily, 2013). A more 309 

extended model also including random slopes for Listener Group failed to converge. 310 

 311 

The GLMM revealed a significant effect of Vowel Duration (β = .792, z = 38.430, p < 312 

.001), with longer vowel durations increasing the percentage of /a:/ responses. The effect of 313 

Carrier Rate (β = .483, z = 5.700, p < .001) indicated that the faster the carrier’s speech rate, 314 

the higher the percentage of /a:/ responses. An effect of Language (β = -.343, z = -2.860, p = 315 

.004) indicated that there was a lower percentage of /a:/ responses when the vowel was 316 

preceded by a foreign language carrier. However, an interaction between Language and 317 

Listener Group (β = .976, z = 4.280, p < .001) revealed that this only held for the Dutch 318 

group; the German group showed an opposite pattern, with a higher percentage of /a:/ 319 

responses after FL carriers. Taking categorization differences as indices of perceived rate, 320 

this suggests that, while for Dutch listeners foreign speech appeared to sound slower than 321 

their native language, Germans did show the expected pattern that FL speech sounds fast. 322 

 323 

In order to test whether the Language effects observed were modulated by participants’ 324 

ability to understand the foreign language, the GLMM was extended with the predictor 325 

Translation Accuracy (continuous predictor, centered and scaled around the mean), and the 326 

interactions between Translation Accuracy and other fixed effects. This extended GLMM 327 

modelled the data marginally better (χ
2
 (4) = 8.339, p = .079) than the initial model reported 328 

above. It revealed similar effects as the previous model (i.e., effects of Vowel Duration, 329 

Carrier Rate, Language, and Language x Listener Group interaction); however, it also 330 

showed a three-way interaction between Language, Listener Group, and Translation 331 

Accuracy (β = -.245, z = -2.680, p = .007). Post-hoc analyses, run on the data from the Dutch 332 

and German listener groups separately, revealed that this three-way interaction is explained 333 

by a negative effect of Translation Accuracy on the Language effect in the German group (β 334 

= -.130, z = -2.029, p = .042), but a positive effect of Translation Accuracy on the Language 335 

effect in the Dutch group (β = .128, z = 1.989, p = .047; see Figure 2). This suggests that, for 336 

the German group, the better the Germans understood the foreign language, the less of a 337 

difference there was between their native and foreign language categorization patterns. That 338 

is, the more ‘proficient’ the German listener, the less fast Dutch sounds to them (in line with 339 

our predictions). However, the post-hoc analyses for the Dutch group suggest that the better a 340 

Dutch listener understands German, the faster German sounds (contrary to our predictions). 341 

 342 

[ INSERT Figure 2 ABOUT HERE ] 343 

 344 
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Discussion 345 

Experiment 1 found partial support for the hypothesis that a foreign language sounds fast, 346 

with consequences for online speech processing. German listeners indeed reported a higher 347 

percentage of long vowel (/a:/) responses when the target vowel followed a foreign language 348 

carrier sentence compared to a (rate matched) L1 carrier sentence. This suggests that when 349 

the German participants listened to Dutch (to them, a foreign language), they perceived the 350 

carrier sentence as relatively fast, biasing their perception of subsequent ambiguous vowels 351 

towards the long vowel /a:/; similar to how actually (acoustically) fast speech biases 352 

perception towards /a:/. Moreover, a three-way interaction indicated that this Language effect 353 

in the German group was modulated by their ability to comprehend the Dutch sentences: the 354 

better they understood the sentences, the less fast they sounded (i.e., the fewer /a:/ responses). 355 

 356 

However, the Dutch participant group showed the opposite pattern. Where the German 357 

group reported more /a:/ responses after listening to a FL (Dutch) carrier sentence, the Dutch 358 

participants reported fewer /a:/ responses after listening to their FL (German). This would 359 

suggest that, to Dutch listeners, German actually sounds slow relative to Dutch, in contrast to 360 

our predictions. Moreover, an unexpected three-way interaction suggested that the better the 361 

Dutch listeners understood German sentences, the faster it sounded to them. 362 

 363 

In Experiment 1, the German and Dutch carrier sentences were matched in their temporal 364 

characteristics: both members of each sentence pair had the same number of syllables and the 365 

exact same sentence duration. However, the spectral properties of the carrier sentences were 366 

not controlled. Note that, although Dutch and German are closely related languages and we 367 

used close paraphrases of the sentences in both languages (see Appendix), the vowels 368 

occurring in the Dutch and German sentences differed (i.e., as part of the different 369 

vocabularies). This difference in vowels meant that the average formant values of the Dutch 370 

and German carrier sentences differed despite the fact that the same bilingual speaker had 371 

produced the two sentence sets. Specifically, the Dutch average F2 was lower (F2 = 1739 Hz 372 

[149]) than the German average F2 (F2 = 1865 Hz [143]; t (29) = -4.082; p < .001). 373 

 374 

Considering the fact that the Dutch /ɑ-a:/ contrast is also cued by spectral properties, its 375 

perception is sensitive to the spectral properties in the sentence context as well. For instance, 376 

Dutch listeners may be biased to reporting fewer /a:/ targets by raising the average F2 in the 377 

surrounding sentence (Bosker et al., 2017; Reinisch & Sjerps, 2013). This process, known as 378 

spectral normalization (Sjerps, Mitterer, & McQueen, 2011), may potentially explain why, in 379 

Experiment 1, the Dutch listeners reported fewer /a:/ responses after the German carrier 380 

sentences with a relatively higher average F2. The different vowels in the German sentences, 381 

with a relatively high average F2, may have induced spectral normalization in the Dutch 382 

listeners, biasing their perception of the target vowels towards /ɑ/. In contrast, in German, the 383 

/a-a:/ contrast is a temporal one that is likely not sensitive to spectral context effects. 384 

Therefore, it could be the case that the difference in formants between the Dutch and German 385 

carrier sentences influenced the Dutch group (not the German group). Experiment 2 was 386 

designed to investigate this potential explanation by matching the average second formant 387 

values of the Dutch and German sentences. 388 
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Experiment 2 389 

Method 390 

Participants. Two new groups of native Dutch (N = 24; 20 females, 4 males; Mage = 21; 391 

recruited at the Max Planck Institute) and native German participants (N = 24; 15 females, 9 392 

males; Mage = 26; recruited at the University of Munich) were recruited according to the same 393 

criteria as previously and participated with written informed consent. Overall proficiency in 394 

the foreign language was assessed by means of self-reported listening skills on a scale from 1 395 

to 7: MDutch Group (SD) = 2.3 (0.8); MGerman Group = 0.5 (0.8); t(44) = 7.912, p < 0.001. 396 

 397 

Design and materials. The design of Experiment 2 was identical to that of Experiment 1, 398 

except that the average spectral characteristics of the carrier sentences were also matched 399 

across languages (after duration matching, to create the slow condition, and before linear 400 

compression, to create the fast condition). For each carrier, source and filter models of all 401 

vowels were created using Burg’s LPC method in Praat. Second formant values were shifted 402 

by -20%, -10%, 0%, +10%, +20% in each vowel. After source and filter recombination, F1 403 

and F2 frequencies of the resulting manipulated carrier sentences were inspected. For each 404 

sentence pair, the best matching spectral manipulation was selected. For instance, the original 405 

carrier sentence 13 (see Appendix) had an average F2 of 1686 Hz in Dutch and 1931 Hz in 406 

German. The best matching spectral pairing involved the +10% version in Dutch (F2 = 1817 407 

Hz) and the -10% version in German (F2 = 1872 Hz). The resulting spectrally matched Dutch 408 

and German materials (average Dutch F2 = 1783 Hz [135]; average German F2 = 1784 Hz 409 

[143]; t (29) = -.219; p > .8) were afterwards compressed by 0.6 to create the fast condition 410 

for Experiment 2. 411 

Results 412 

Similar to Experiment 1, the Dutch group performed significantly better at translating 413 

(their FL) German than the German group did in translating Dutch (in % keywords correct): 414 

MDutch Group (SD) = 43.1 (34.7); MGerman Group (SD) = 28.7 (31.2); t (709) = 5.834, p < .001. 415 

 416 

Trials with missing categorization responses (n = 17; <1%) were excluded from analyses. 417 

Categorization data, calculated as the percentage of long vowel responses (% /a:/), are 418 

presented in Figure 3, separately for each listener group. Similar to Experiment 1, increasing 419 

the target vowel duration led all listeners to report more /a:/ responses (all lines with positive 420 

slopes). The difference between the solid and dashed lines indicates an influence of the 421 

carrier’s speech rate, with faster speech rates (dashed lines) biasing perception towards the 422 

long vowel /a:/. Importantly, differences between the blue and red lines indicate effects of the 423 

precursor’s language, and, like Experiment 1, it would seem that the language effect is in 424 

opposite direction in the two panels. 425 

 426 

[ INSERT Figure 3 ABOUT HERE ] 427 

 428 

These effects were quantified using a GLMM with a logistic linking function, and identical 429 

structure as the one used for analyzing the data from Experiment 1. This model revealed a 430 

significant effect of Vowel Duration (β = .853, z = 39.550, p < .001), with longer vowel 431 

durations increasing the percentage of /a:/ responses. The effect of Carrier Rate (β = .510, z = 432 

7.010, p < .001) indicated that the faster the carrier’s speech rate, the higher the percentage of 433 
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/a:/ responses. No overall effect of Language was observed (β = -.177, z = -1.220, p > .2). 434 

However, an interaction between Language and Listener Group (β = .807, z = 2.860, p = 435 

.004) revealed that, in the German group, there was a higher percentage of /a:/ responses after 436 

FL carriers (compared to L1 carriers). This suggests, similar to Experiment 1, that, while for 437 

Dutch listeners FL speech appeared to sound slower than their L1, Germans did show the 438 

pattern that foreign language speech sounds fast. 439 

 440 

Note that when comparing the left panels of Figure 1 and Figure 3, it would appear as 441 

though the Language effect in the Dutch group was smaller in Experiment 2 than in 442 

Experiment 1. In order to test whether the spectral manipulation in Experiment 2 had changed 443 

the results relative to Experiment 1, datasets from the Dutch participants of both experiments 444 

were combined. This combined dataset was tested using a GLMM with identical structure as 445 

the previous one, except that it was extended with the categorical predictor Experiment (with 446 

Experiment 1 coded as -0.5 and Experiment 2 coded as +0.5) and the interactions between 447 

Experiment and the other fixed effects. This GLMM revealed a significant interaction 448 

between Language and Experiment (β = .231, z = 2.920, p = .003), indicating that the 449 

Language effect in the Dutch group in Experiment 2 was significantly smaller than the 450 

Language effect in the Dutch group in Experiment 1. 451 

 452 

Similar to Experiment 1, we also investigated whether any Language effects were 453 

modulated by participants’ ability to understand the FL sentences. Therefore, the initial 454 

GLMM of Experiment 2 was extended with the predictor Translation Accuracy (continuous 455 

predictor, centered and scaled around the mean), and the interactions between Translation 456 

Accuracy and other fixed effects. This extended GLMM modelled the data marginally better 457 

than the one without Translation Accuracy (χ
2
 (4) = 9.217, p = .056). It revealed an 458 

additional two-way interaction between Language and Translation Accuracy (β = -.111, z = -459 

2.340, p = .019). No three-way interaction between Language, Listener Group, and 460 

Translation Accuracy was observed. As shown in Figure 4, the two-way interaction indicated 461 

that, across both Listener Groups, any Language effect was modulated by Translation 462 

Accuracy. The negative sign of the interaction helps in interpreting this modulating effect; 463 

that is, the better participants understood the FL sentences (i.e., higher Translation Accuracy), 464 

the slower the FL sounded (i.e., as evidenced by fewer /a:/ responses). 465 

 466 

[ INSERT Figure 4 ABOUT HERE ] 467 

Discussion 468 

Results from Experiment 2 again showed partial support for the hypothesis that a foreign 469 

language sounds fast, and again primarily in the German group. German listeners reported 470 

more /a:/ responses after FL carriers than after rate and spectrally matched L1 carriers, similar 471 

to Experiment 1. On average, the Dutch group showed the opposite pattern, similar to the 472 

results from Experiment 1: FL carriers resulted in fewer /a:/ responses, hence FL speech 473 

supposedly sounded slower than L1 speech. However, a comparison with Experiment 1 474 

revealed that this effect in the Dutch group (i.e., in opposite direction to our hypothesis) was 475 

considerably weaker in Experiment 2 relative to Experiment 1. This reduction may be 476 

attributed to the spectral matching procedure in Experiment 2. 477 

 478 

Moreover, interactions with FL proficiency metrics showed that better ability to understand 479 

the FL sentences reduced the Language effect. This suggests that foreign languages sound fast 480 
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particularly for low-proficient listeners and that this effect is weaker the better listeners are 481 

able to understand the FL. Note that this modulating effect of FL proficiency held for both 482 

listener groups, regardless of the absolute difference between L1 and FL categorization. 483 

 484 

Although part of the effect that Dutch listeners showed an unexpected pattern for Language 485 

could be explained by spectral effects, the question remains why the Dutch speech materials 486 

consistently induced a higher percentage of long vowel responses across groups and 487 

experiments. In Experiment 2, sentences in the two languages were matched on speaker, the 488 

number of syllables, overall sentence duration and certain spectral characteristics that could 489 

have influenced categorization responses. One possible remaining explanation may involve 490 

interactions between the Foreign Language effect and more general expectations about the 491 

habitual speech rates of talkers of a particular language. 492 

 493 

Cross-linguistic studies of speech rate show that German is typically produced with a 494 

relatively higher average syllable rate of approximately 6 syllables a second (Pellegrino, 495 

Coupé, & Marsico, 2011) compared to Dutch with an average syllable rate of approximately 4 496 

syllables a second (Quené, 2008; though note that these two studies used different speech 497 

elicitation tasks). If, based on prior exposure, our Dutch participants happened to have a 498 

stereotypical expectation that German talkers typically speak rather fast, this expectation may 499 

have contrasted with the actually observed speech rates in our experimental materials 500 

(matched in rate to Dutch speech). As a consequence, the German speech in our experiments 501 

may have sounded relatively slow to the Dutch listeners (as compared against their 502 

stereotypical expectations), potentially explaining why the Dutch listeners reported fewer /a:/ 503 

responses after German carrier sentences. Note that such an account would be in line with 504 

findings by Bosker and Reinisch (2015) who found that, although non-native (i.e., foreign-505 

accented) speech is typically slower than native speech, rate matched non-native speech is 506 

actually perceived as faster. 507 

 508 

Any potential stereotypical expectations about the speech rate of a particular language 509 

would be expected to show up when participants are asked to explicitly rate the speech rate of 510 

different languages. Therefore, Experiment 3 was designed to test whether the rate of the 511 

German and Dutch carrier sentences was perceived differently in an experimental task 512 

involving explicit rate judgments. 513 

Experiment 3 514 

Method 515 

Participants. Two new groups of native Dutch participants (N = 20; 14 females, 6 males; 516 

Mage = 35; recruited at Max Planck Institute) and native German participants (N = 22; 14 517 

females, 8 males; Mage = 26; recruited at University of Munich) were recruited according to 518 

the criteria of the previous experiments and participated with written informed consent. FL 519 

proficiency was assessed by means of self-reported listening skills on a scale from 1 to 7: 520 

MDutch Group (SD) = 3.2 (1.1); MGerman Group = 1.7 (0.8); t(39) = 4.728, p < 0.001. 521 

 522 

Design and materials. Experiment 3 used the materials from Experiment 2. However, in 523 

Experiment 3 only carrier sentences were used, not the target materials. Recall that the ‘slow’ 524 

condition in the previous experiments was the result of setting the duration of each sentence 525 

to the mean of each sentence pair (see methods of Experiment 1). The ‘fast’ condition was 526 



Bosker & Reinisch / Foreign languages sound fast       13 

created by linearly compressing the ‘slow’ condition by a factor of 0.6. For Experiment 3, 527 

five additional rate conditions (next to the ‘fast’ and ‘slow’ conditions) were created by linear 528 

compression/expansion of the ‘slow’ condition using PSOLA in Praat. Three of these were 529 

chosen to fall in between the slow and fast conditions from Experiment 1 and 2 (factors of 530 

0.85; 0.75; 0.66) and two to fall outside their scope (factors of 1.2 and 0.55). 531 

 532 

Procedure. Participants in Experiment 3 were presented the carrier sentences (i.e., without 533 

target intervals) at 7 different rates, with instructions to rate the speech rate of the sentence on 534 

a scale from 1 (“very slow”) to 9 (“very fast”). Participants heard half (n = 15) of the carriers 535 

in their L1 and the other half in their FL (language blocked; order counter-balanced across 536 

participants; i.e., the overall design matched Experiments 1 and 2). Within each language 537 

block, each carrier-rate combination was presented twice, in random order. In Experiment 3, 538 

no translations were asked from participants; only speed ratings were collected. 539 

Results 540 

Rating data, with 1 meaning “very slow” and 9 meaning “very fast”, are presented in 541 

Figure 5 separately for each listener group. The difference between the blue and red lines 542 

indicates an effect of Language, which only seems to be present in the German group: Dutch 543 

would seem to sound faster than (rate matched) German sentences. 544 

 545 

[ INSERT Figure 5 ABOUT HERE ] 546 

 547 

Effects were quantified using a Linear Mixed Model (LMM). The dependent variable was 548 

rating on a scale from 1 to 9. Fixed effects were Rate (continuous predictor, scaled and 549 

centered around the mean), Language (categorical predictor, with L1 coded as -0.5 and FL 550 

coded as +0.5), Listener Group (categorical predictor, with Dutch coded as -0.5 and German 551 

coded as +0.5), and the interaction between Language and Listener Group. Participant and 552 

Carrier Item were entered as random factors with by-participant and by-carrier random slopes 553 

for Rate and Language (Barr et al., 2013). Statistical significance was assessed at the 0.05 554 

significance level by checking whether | t | > 2 (Baayen, 2008). 555 

 556 

This model revealed a significant effect of Rate (β = 1.862, SE = .294, t = 6.330) 557 

indicating that the faster the speech rate, the higher the rating. An effect of Language (β = 558 

.139, SE = .047, t = 2.970) revealed that, based on the grand mean calculated across the two 559 

Listener Groups, FL speech received higher speed ratings than (rate matched) L1 speech. 560 

However, an interaction between Language and Listener Group (β = .250, SE = .094, t = 561 

2.670) showed that this Language effect was really only present in the German group. 562 

 563 

Similar to the previous experiments, FL proficiency metrics were added to the LMM to test 564 

whether the ability to understand the FL sentences modulates the Language effect. Because 565 

translations had not been collected in Experiment 3, we added the self-reported FL ratings 566 

(on a scale from 1 to 7; continuous predictor, scaled and centered around the mean), and 567 

interactions between the self-reported FL ratings and other fixed effects to the LMM
3
. This 568 

extended LMM modelled the data significantly better than the simpler model (χ
2
 (4) = 569 

1201.4, p < .001). It revealed an additional three-way interaction between Language, Listener 570 

                                                           
3
 When we replace the predictor Translation Accuracy in the models of Experiment 1 and 2 with self-reported 

FL ratings (as used here in Experiment 3), the same interactions are observed as reported previously. 
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Group, and the self-reported FL ratings (β = -.237, SE = .053, t = -4.500). Post-hoc analyses, 571 

run on the data from the Dutch and German listener groups separately, revealed that this 572 

three-way interaction is explained by a negative effect of self-reported FL ratings on the 573 

Language effect in the German group (β = -.240, SE = .047, t = -5.060; see Figure 6). This 574 

suggests that, for the German group, the higher the Germans judged their own FL skills, the 575 

less of a difference there was between their native and foreign language speed ratings. That 576 

is, the more ‘proficient’ the German listener, the less fast Dutch sounds to them (in line with 577 

our predictions). No modulating effect of self-reported FL ratings was found in the post-hoc 578 

analyses for the Dutch group (t < 1).  579 

 580 

[ INSERT Figure 6 ABOUT HERE ] 581 

 582 

Discussion 583 

The results from Experiment 3 again provide partial support for our hypothesis that a 584 

foreign language sounds fast. Collection of explicit rate judgments revealed that German 585 

listeners indeed rated Dutch (a foreign language) as faster than (rate matched and spectrally 586 

matched) L1 speech. Moreover, a three-way interaction indicated that this Language effect in 587 

the German group was modulated by their self-reported FL ‘proficiency’: the higher their 588 

self-rated FL proficiency, the less fast FL speech sounds. 589 

 590 

However, the Language effect was again only observed in the German group, not in the 591 

Dutch group, where we could not find evidence to support our hypothesis that FL speech 592 

sounds fast. Nevertheless, the null effect in the Dutch group (1) supports our efforts to match 593 

the rates of the two sets of carrier sentences; (2) does not support the proposal that any 594 

stereotypical expectations about the habitual speech rate of talkers of German interacted with 595 

the Language effect in previous experiments. 596 

General Discussion 597 

The present study investigated the Foreign Language effect, also known as ‘Gabbling 598 

Foreigner Illusion’ (Cutler, 2012): the common impression of many listeners that foreign 599 

languages tend to sound faster than one’s native language. Previous studies using explicit rate 600 

perception paradigms (e.g., rate judgments) have shown empirical support for this Foreign 601 

Language effect (Pfitzinger & Tamashima, 2006; Schwab, 2014; Schwab & Grosjean, 2004). 602 

However, these studies only show that the Foreign Language effect impacts listeners’ 603 

evaluative impressions of the speech rate of a foreign speaker. 604 

 605 

The present study investigated whether the Foreign Language effect would actually impact 606 

the cognitive processes involved in online speech perception. To do so, Experiment 1 and 2 607 

studied implicit rate perception using the ‘rate normalization’ paradigm. Context sentences 608 

with a fast speech rate have been shown to bias the perception of a subsequent temporal 609 

vowel contrast (i.e., short /a/ vs. long /a:/) towards the long vowel (Bosker, 2017b; Bosker & 610 

Kösem, 2017). That is, listeners report on vowel identity that is implicitly influenced by the 611 

rate of the context rather than making explicit rate judgments. We asked whether listening to 612 

a foreign language that is not actually (acoustically) fast could bias perception of subsequent 613 

ambiguous /a/-/a:/ vowels towards the long vowel /a:/ as well (relative to a native language 614 

context). This would suggest that the foreign language is perceived to be fast. This question 615 
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was addressed using a fully crossed experimental design (i.e., Dutch and German participants 616 

listening to both German and Dutch speech). 617 

 618 

Experiment 1, using temporally matched Dutch and German carrier sentences, indeed 619 

revealed that German listeners reported more long-vowel (/a:/) responses after Dutch carriers 620 

than after (rate matched) German carriers, suggesting that Dutch, to them a foreign language, 621 

actually sounded fast. However, Dutch listeners showed an opposite Language effect: Dutch 622 

listeners reported fewer long vowel responses after carriers in the foreign language German 623 

than after Dutch carriers, suggesting that to our Dutch participants, German actually sounded 624 

slow. 625 

 626 

Experiment 2 revealed that this unexpected (i.e., opposite to our predictions) Language 627 

effect in the Dutch group could partially be explained by normalization for the spectral 628 

characteristics of the Dutch and German sentences in the Dutch group. In Experiment 2, both 629 

the temporal and spectral characteristics of the German and Dutch sentences were matched. 630 

Data from a new sample of German participants replicated the findings from Experiment 1: 631 

German listeners reported more long-vowel (/a:/) responses after Dutch carriers than after 632 

temporally and spectrally matched German carriers, suggesting that Dutch (their foreign 633 

language) actually sounded fast to them. Spectral characteristics of the sentences did not 634 

influence this effect. At the same time, data from a new sample of Dutch participants showed 635 

that the unexpected Language effect was significantly reduced in Experiment 2 relative to 636 

Experiment 1. Nevertheless, foreign language German carrier sentences still elicited fewer 637 

long-vowel responses in the Dutch group relative to the native Dutch carrier sentences. 638 

 639 

Experiment 3 showed that this unexpected Language effect in the Dutch group could not be 640 

explained by stereotypical expectations in Dutch listeners about average speech rates in 641 

German. In Experiment 3, we collected explicit speech rate judgments of the German and 642 

Dutch sentences and observed no difference in how Dutch participants evaluated Dutch and 643 

temporally and spectrally matched German speech. However, we also observed - in line with 644 

our predictions and replicating the results from Experiments 1 and 2 - that German listeners 645 

perceive the foreign language Dutch as faster than their native language German. The Dutch 646 

sentences received higher speed ratings from the German listeners than the German 647 

sentences. 648 

 649 

Taken together, the present experiments demonstrated support for the Foreign Language 650 

effect throughout our three German participant samples. German listeners perceive Dutch 651 

carrier sentences (to them, a foreign language) as faster than rate matched German sentences 652 

(their L1), as evidenced not only by higher speed judgments (Experiment 3) but crucially also 653 

in a higher proportion of subsequent long vowel responses (Experiment 1 and 2). This biasing 654 

effect of the language of the carrier sentence shows that the Foreign Language effect impacts 655 

online speech comprehension in an implicit rate perception task. 656 

 657 

Moreover, this Foreign Language effect was consistently modulated by participants’ ability 658 

to understand/translate the foreign language sentences: German participants with lower Dutch 659 

translation scores showed even more of a bias towards the long vowel /a:/ after Dutch 660 

sentences than participants with higher translation scores. This modulating effect of 661 

participants’ ability to understand the foreign language is in line with previous studies testing 662 

explicit rate perception (Schwab, 2014; Schwab & Grosjean, 2004). It corroborates the 663 
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interpretation that the /a:/ bias after Dutch sentences in German listeners is really related to 664 

the language in which the carrier sentences were produced and not to other acoustic aspects of 665 

the Dutch sentences.  666 

 667 

However, the Dutch listeners tested in the present study did not show empirical support for 668 

the Foreign Language effect. Experiment 1 and 2 both revealed that Dutch listeners reported 669 

fewer /a:/ responses after German than after rate matched Dutch carrier sentences, contrary to 670 

our predictions. However, the interpretation that this suggests that German sounds slow to 671 

Dutch ears is not supported by the outcomes of Experiment 3, showing no difference in 672 

explicit rate judgments of Dutch and German. 673 

 674 

At this point, we lack an accurate explanation for why the Dutch listeners reported fewer 675 

long vowel responses after German carrier sentences. Potential differences between Dutch 676 

and German in phonotactic probabilities of /a/ and /a:/, or typical vowel length, are unlikely to 677 

explain the unexpected variation between groups because our participants had (very) little 678 

experience with the foreign language, and, as such, cannot be assumed to have been familiar 679 

with such fine-grained phonological language variation. However, the present results 680 

highlight the value of using symmetrical experimental designs; that is, testing two different 681 

participant groups listening to both languages (cf. Pfitzinger & Tamashima, 2006). Without 682 

such fully crossed designs, we would either have found contradictory evidence (in the Dutch 683 

case) or would have overgeneralized the experimental findings (in the German case), 684 

especially since results were replicated across three experiments with three different samples 685 

of participants per language. Moreover, we would like to point out that, in Experiment 2, 686 

there was a modulating effect of FL proficiency on the unexpected Language effect in the 687 

Dutch group. That is, Dutch listeners with lower German translation scores showed more of a 688 

bias towards /a:/ after German sentences. This observation points to the role of foreign 689 

language proficiency in our Dutch and German participant samples. 690 

 691 

Particularly, our Dutch participants consistently showed higher translation and self-rated 692 

proficiency scores in German than our German participants did in Dutch. This is not too 693 

surprising considering the fact that the Dutch participants were recruited in Nijmegen, close 694 

to the German border and with a considerable proportion of German students at the 695 

university. Dutch participants were hence not only familiar with German but also German 696 

accented Dutch. Most of the German participants, in contrast, were recruited in Munich - far 697 

from the Dutch border - and with little contact to the Dutch language or Dutch accented 698 

German. Although the relatively high foreign language proficiency in the Dutch groups 699 

cannot explain why Dutch listeners reported fewer long vowel responses after German 700 

speech, the asymmetry in proficiency across the two population samples may account for why 701 

support for the Foreign Language effect was found in the German samples, but not in the 702 

Dutch samples. Similar asymmetries between listener groups are likely hard to avoid for other 703 

language pairs. Choosing two closely-related languages allowed us to control for most factors 704 

pertaining to language structure. The effects of native language as well as the modulation of 705 

the effect by proficiency, however, lend support for the role of ease of processing in the 706 

effect. Future studies may specifically target participant samples at a range of different 707 

proficiency levels, or even experimentally test the modulating effect of foreign language 708 

exposure, for instance, through training studies. 709 

 710 

As for the wider cognitive implications of the effect, the role of the ability to understand 711 
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the foreign language matches with other findings on the underlying mechanisms of processing 712 

speaking rate more generally. Bosker et al. (2017) demonstrated that a carrier sentence is 713 

perceived as faster if listeners are taxed by high relative to low cognitive load required for a 714 

concurrent visual search task. This supports suggestions that foreign languages sound fast 715 

because they are harder to process; that is, words are harder to segment out of the continuous 716 

speech stream (Snijders et al., 2007). Similarly, Bosker and Reinisch (2015) showed that 717 

sentences spoken with a foreign accent that are supposedly harder to process than native 718 

speech are perceived as faster than native speech. Both studies used implicit rate 719 

normalization tasks as in the present study. 720 

 721 

In summary, this study has demonstrated that the common impression that foreign speakers 722 

talk fast impacts online speech comprehension, particularly in the form of variation in 723 

phonetic categorization. This observation carries implications for language learners. We show 724 

that the foreign language rate effect not only impacts overall subjective impressions of 725 

foreign speech, but may actually influence language learners’ perception of segments in the 726 

foreign language.  727 
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Appendix 812 

Table S1. German and (paraphrased) Dutch carrier sentences (matching syllable count) with 813 

English translations underneath. 814 

 815 

 German Dutch syllable 

count 

1 Im Kreuzworträtsel suchten sie den 

Begriff  

"In the crossword puzzle, they sought 

the term" 

In de kruiswoordpuzzel zochten ze de 

term 

"In the crossword puzzle, they sought 

the term" 

11 

2 Jörg tut sich schwer mit dem Wort 

"Jörg has trouble with the word" 

Piet heeft moeite met het woord 

"Jörg has trouble with the word" 

7 

3 Der Text endete mit dem Wort 

"The text ended with the word"  

De tekst eindigde met het woord 

"The text ended with the word" 

8 

4 Sie vermied in ihrem Text den Begriff 

"In her text she avoided the term" 

Zij vermeed in de tekst steeds het begrip 

"In the text she avoided the term" 

10 

5 Der Stotterer mühte sich mit dem Wort 

"The stutterer struggled with the word"  

De spreker struikelde over het woord 

"The speaker struggled with the word" 

10 

6 Im Wörterbuch steht die Bedeutung von 

"In the dictionary is the meaning of"  

Het woordenboek geeft uitleg bij het 

woord 

"The dictionary explains the word"  

10 

7 Es gibt mehrere Synonyme für 

"There are several synonyms for"  

Er zijn meerdere synoniemen voor  

"There are several synonyms for" 

10 

8 Bis gestern wählte Susi immer den 

Begriff 

"Until yesterday, Susi always chose the 

term" 

Tot gisteren koos Susie telkens voor de 

term  

"Until yesterday, Susie always chose the 

term" 

12 

9 Wir hörten neue Theorien zur 

Entstehung des Wortes 

"We heard new theories about the 

development of the word"  

Wij hebben ook nieuwe theorieën 

gehoord over het woord 

"We have also heard new theories about 

the word" 

16 

10 Die Kinder stritten über die Bedeutung 

des Wortes 

"The children quarreled over the 

meaning of the word" 

De kinderen voeren een discussie over 

het woord 

"The children have a discussion over the 

word" 

14 

11 Er suchte die Übersetzung des Wortes  

"He looked for the translation of the 

word" 

Hij zoekt een geschikt synoniem voor het 

woord 

"He looks for a suitable synonym of the 

word" 

11 

12 Es gibt sicher noch vier bessere Wörter 

für 

"There are definitely four better words 

for" 

Er zijn zeker nog vier betere woorden 

voor 

"For sure, there are four better words 

for"  

12 

13 Sie gibt ihrem neuen Buch den Titel 

"She gives her new book the title" 

Zij geeft zelf het nieuwe boek de titel  

"She herself gives the new book the 

title" 

10 

14 Im Märchenbuch nennt sich der Held In het sprookjesboek heet de held  8 
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"In the fairytale book the hero calls 

himself" 

"In the fairytale book the hero is called" 

15 Die besten Lieder des Komponisten 

enden mit dem Wort 

"The best songs of the composer end 

with the word" 

Het beste lied geschreven door de 

componist eindigt met  

"The best song written by the composer 

ends with" 

15 

16 Sie beschrieben die Bilder mit dem Wort 

"She described the images with the 

word" 

Ze beschreven de beelden met het woord 

"They described the images with the 

word" 

10 

17 Nächste Woche gibt der Komiker die 

Vorstellung mit dem Titel 

"Next week, the comedian will give his 

performance with the title" 

Volgende week geeft de komiek twee 

voorstellingen met de titel  

"Next week, the comedian gives two 

performances with the title" 

17 

18 Der dritte Begriff im Wörterbuch ist 

"The third term in the dictionary is" 

De derde term in het woordenboek is 

"The third term in the dictionary is" 

10 

19 Sie gewinnt die Rätselrunde mit dem 

Begriff 

"She wins the quiz round with the term" 

Ze heeft de quizronde gewonnen met de 

term 

"She has won the quiz round with the 

term" 

12 

20 Im Folgenden benutzt Georg nur noch 

den Begriff 

"In the following, Georg only uses the 

term" 

In het vervolg gebruikt Sjors enkel nog 

het begrip  

"In the following, Sjors uses only the 

term" 

13 

21 Sie liest die Geschichte mit dem Titel 

"She reads the story with the title" 

Zij lezen het sprookje met de titel  

"She reads the story with the title" 

10 

22 Ihr bester Freund hieß … 

"Her best friend is called ..." 

Zijn beste vriend heet 

"Her best friend is called" 

5 

23 Die Kinder riefen den Hund immer … 

"The children always called the dog" 

De kinderen noemden de hond steeds 

"The children always called the dog" 

9 

24 Die Säule ist mit komischen Äußerungen 

beschmiert wie … 

"The pillar is smeared with strange 

utterances such as" 

De zuilen zijn stuk voor stuk besmeurd 

met de komische tekst  

"The pillars are all smeared with strange 

utterances such as" 

15 

25 Yvonne beschrieb die Person mit dem 

Begriff 

"Yvonne described the person with the 

term" 

Yvonne beschreef de personen met de 

term 

"Yvonne described the person with the 

term" 

12 

26 Die Königin beginnt ihre Lesung mit 

dem Wort 

"The queen started her reading with the 

word" 

De koning is zijn lezing begonnen met 

de term 

"The king has started his reading with 

the term" 

13 

27 Ich wusste es nicht und googelte den 

Begriff 

"I didn't know and googled the term" 

Ik wist het niet dus google-de ik toen het 

woord 

"I didn't know so I then googled the 

word" 

12 

28 Sie benennen diese Dinge mit 

"They label the things with" 

Ze noemen zoiets ook wel eens een 

"They sometimes call these things" 

9 

29 Wenn ich dir helfen soll ruf  Voor mijn hulp roep je gerust 7 
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"If I can help you, call" "For my help, feel free to call" 

30 Die gewinnende Skulptur hieß 

"The wining sculpture was called"  

En het winnende kunstwerk heet 

"The winning artwork is called" 

8 

 816 
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 846 

Figure 1. Average categorization data (in % /a:/ responses) of Experiment 1. Left panel: data 847 

from the Dutch listener group; Right panel: data from the German listener group. 848 
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 850 

Figure 2. Individual participants’ Foreign Language effect (y-axis; calculated as % /a:/ 851 

responses in FL minus L1; positive values indicate a higher percentage /a:/ responses in the 852 

FL) plotted against individual participants’ translation accuracy (x-axis; in % keywords 853 

correct) in the foreign language. German participants are indicated by green “G”; Dutch 854 

participants by orange “NL”. The green line gives the regression line for the German group; 855 

the orange line gives the regression line for the Dutch group. 856 
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 858 

 859 

Figure 3. Average categorization data (in % /a:/ responses) of Experiment 2. Left panel: data 860 

from the Dutch listener group; Right panel: data from the German listener group. 861 
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 863 

Figure 4. Individual participants’ Foreign Language effect (y-axis; calculated as % /a:/ 864 

responses in FL minus L1; positive values indicate a higher percentage /a:/ responses in the 865 

FL) plotted against individual participants’ translation accuracy (x-axis; in % keywords 866 

correct) in the foreign language. German participants are indicated by green “G”; Dutch 867 

participants by orange “NL”. The bold gray line gives the regression line for the combined 868 

data from both groups. 869 
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 871 

Figure 5. Average speed ratings of Experiment 3 (error bars show standard errors). Left 872 

panel: data from the Dutch listener group; Right panel: data from the German listener group. 873 

The rectangles indicate the two rate conditions used in Experiment 1 and 2. 874 
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 876 

Figure 6. Individual participants’ Foreign Language effect (y-axis; calculated as FL speed 877 

ratings minus L1 ratings; positive values indicate a higher speed rating in the FL) plotted 878 

against individual participants’ self-reported foreign language knowledge (x-axis). German 879 

participants are indicated by green “G”; Dutch participants by orange “NL”. The green line 880 

gives the regression line for the German group. 881 
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