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Abstract 10 

 11 

Infants can discriminate languages that belong to different rhythmic classes at birth. The ability 12 

to perform within class discrimination emerges around the fifth month of life. The cues that 13 

infants use to discriminate between prosodically close languages remain elusive. Segmental 14 

information could be a potential cue, since infants notice vowel mispronunciations of their 15 

names, show the first signs of word recognition and the first signs of perceptual narrowing for 16 

vowels around 6 months of age. If infants have in place some proto-segmental information, 17 

most likely it is about vowels. Another potential cue infants may use to discriminate languages 18 

is intonation. We tested participants using sentences in Eastern Catalan, Western Catalan and 19 

Spanish. The two Catalan dialects and Spanish belong to the same rhythmic class, they are 20 

syllable-timed, but they differ in terms of vowel distribution, given that only Eastern Catalan 21 

has vocalic reduction. The vowel distributions of Western Catalan and Spanish are more 22 

comparable. However, they differ in terms of their intonational patterns. In Experiment 1, we 23 

tested the ability of 4.5-month-old infants learning Eastern Catalan and/or Spanish to 24 

discriminate between sentences in Eastern and Western Catalan and in Experiment 2 their 25 



 
 

2 

ability to discriminate between sentences in Western Catalan and Spanish. In order to 26 

disentangle the contribution of segmental and suprasegmental information, we also tested 27 

infants using low-pass filtered sentences in the two dialects (Experiment 3) and low-pass 28 

filtered sentences in Western Catalan and Spanish (Experiment 4). Infants discriminated the 29 

two Catalan dialects only when the stimuli were natural sentences, whereas they were able to 30 

discriminate between Western Catalan and Spanish when the stimuli were either natural or 31 

low-pass filtered sentences. The research also provides evidence of equivalent language 32 

discrimination abilities in infants growing up in monolingual and bilingual environments.  33 

 34 
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 45 

 46 

1. Introduction 47 

 48 

During the first months of life, infants’ linguistic knowledge quickly develops from some 49 

coarse language universal processing capacities at birth to the identification of some highly 50 

familiar words at 6 months. Research with young infants has shown that they are able to 51 

distinguish virtually any speech sound present in human languages, even if not produced or 52 

perceived by their parents (Eimas, Siqueland, Jusczyk, & Vigorito, 1971; Kuhl, Williams, 53 

Lacerda, Stevens, & Lindblom, 1992; Werker & Tees, 1984) and they can discriminate 54 

between some human languages (Mehler et al., 1988; Moon, Cooper, & Fifer, 1993; Nazzi, 55 

Bertoncini, & Mehler, 1998). Such capacities are universal as they do not appear to depend on 56 

previous exposure to any specific language and they are likely based on some ancillary 57 

perceptual mechanisms, which are common with other animals (Ramus, Hauser, Miller, 58 

Morris, & Mehler, 2000; Toro, Trobalon, & Sebastián-Gallés, 2005). At 6 months, they are 59 

able to identify some highly frequent words (Bergelson & Swingley, 2012; Bouchon, Floccia, 60 

Fux, Adda-Decker, & Nazzi, 2015; Tincoff & Jusczyk, 1999). In spite of such remarkable 61 

development, our comprehension of how language develops during the first half of the first 62 

year of life is quite limited, at least in comparison to research investigating the second half of 63 

the first year of life. In the present research we test the hypothesis that before 6 months of age 64 

infants already have some coarse representation of the vocalic system of their native language 65 

and it is that exact knowledge which can be used to discriminate languages. We also provide 66 

evidence of the use of intonation in early language discrimination. 67 
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One of infants’ initial processing capacities is neonates’ ability to discriminate some 68 

languages from others, for instance, they can discriminate French from Russian, or English 69 

from Spanish (Mehler et al., 1988; Moon et al., 1993) ). It has been proposed that early 70 

language discrimination is based on the computation of some prosodic information, that is, on 71 

sensitivity to differences in the rhythmic and intonational aspects of languages.  72 

Although there is no unique definition of linguistic rhythm (Allen & Hawkins, 1980; 73 

Fletcher, 2010; Nazzi & Ramus, 2003; Nespor, Shukla, & Mehler, 2011; Nolan & Jeon, 2014),  74 

it has been linked to alternations of periodically recurring strong and weak elements. 75 

Languages have been classified as stress-timed, syllable-timed or mora-timed languages 76 

depending on the recurring unit -foot, syllable  or mora- at which periodicity is most prevalent 77 

(Abercrombie, 1982; Ladefoged, 1975; Lloyd James, 1940; Pike, 1945). Examples of 78 

languages of each group are English and Thai (stress-timed), Spanish and Korean (syllable-79 

timed) and Gilbertese and Japanese (mora-timed). More recent conceptualizations consider that 80 

language rhythm is better captured in a continuum way, according to different phonological 81 

parameters, such as syllabic structure complexity, vowel reduction or the phonetic realization 82 

of stress (Dauer, 1983). Stress-timed languages tend to have greater variability and complexity 83 

of their syllabic inventory, and reduced vowels in unstressed positions. In contrast, syllable-84 

timed languages allow simpler and fewer combinations of syllables, whereas vowels are 85 

usually realized in the same manner, regardless of stress. Several studies have shown that if 86 

two languages are sufficiently different in terms of their linguistic rhythm, newborns will be 87 

able to discriminate them (Byers-Heinlein, Burns, & Werker, 2010; Mehler et al., 1988; Moon 88 

et al., 1993; Nazzi et al., 1998; Ramus, 2002). They can even discriminate between pairs of 89 

language, i.e.  a mix of English and Dutch sentences from a mix of Spanish and Italian, but not 90 

in any combination, they cannot discriminate mixing English and Spanish sentences from 91 

Italian and Dutch sentences ( Nazzi et al., 1998). Newborns show equivalent patterns of 92 
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language discrimination even when sentences have been manipulated and segmental 93 

information has been removed, either by low-pass filtering the sentences (Byers-Heinlein et 94 

al., 2010; Mehler et al., 1988; Nazzi et al., 1998) or by resynthesizing them and replacing the 95 

original phonemes by a set of language-neutral ones (Ramus, 2002).  However, when prosodic 96 

information is removed, and stimuli have a flat intonation, discrimination disappears (Ramus, 97 

2002). Therefore, the ability to compute some prosodic information seems to be an integral 98 

part of neonates’ ability to discriminate between languages. 99 

By 4-5 months of age, infants have gathered new information that will allow them to 100 

discriminate some rhythmically closer languages (within-class language discrimination). At 101 

this age, monolingual and bilingual infants, learning Catalan and Spanish, two Romance 102 

languages classified as syllable-timed (Prieto, Vanrell, Astruc, Payne, & Post, 2012; Ramus et 103 

al., 1999) can discriminate them (Bosch & Sebastian-Galles, 1997, 2001). Analogously, 5-104 

month-old infants learning American English can discriminate Dutch from British English, and 105 

their native dialect from British English (Nazzi, Jusczyk, & Johnson, 2000), but fail to 106 

discriminate  within a nonnative rhythmic class (Italian vs. Spanish). They even fail to perform 107 

a native within class discrimination (Dutch vs. German). Patterns of discrimination at this age 108 

are quite complex, showing partial within-class language discrimination, usually requiring 109 

familiarity with one of the languages of test for successful discrimination. Studies investigating 110 

dialect discrimination, that can be considered as a within-class language discrimination 111 

situation also point in the same direction. Butler, Floccia, Goslin, & Panneton (2011) observed 112 

that 5-month-old infants exposed to South-West-English could discriminate their dialect from 113 

an unfamiliar Welsh English accent1. However, they could not discriminate between Welsh 114 

and Scottish English, unfamiliar accents to them. One explanation for the increase in within-115 

                                                      
1  In the present text we will use the term “language” to refer to languages and dialects, as 
often the difference between typologically close languages and dialects is blurry. 
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class discrimination abilities has been that by this age infants have developed the capacity to 116 

perform more fine-grained rhythmic computations focused on their native language and 117 

rhythmic class (Nazzi et al., 2000). 118 

Although the evidence of the role of rhythm in early language discrimination capacities is 119 

abundant, it does not preclude that other types of prosodic information may have contributed 120 

to the observed patterns of results. The stimuli used in the studies just reviewed included most 121 

of the prosodic information, specifically intonational cues (including studies where sentences 122 

were manipulated either by low-pass filtering or by the resynthesis procedures described in 123 

Ramus & Mehler (1999). As languages differ in their melodic properties, intonation is likely 124 

to play a role in language discrimination as well (Maidment, 1976, 1983; Ohala & Gilbert, 125 

1979). Supporting the relevance of different suprasegmental information, Nazzi et al. (2000) 126 

discussed intonational differences between American and British English that could explain 127 

how 5 month old infants could discriminated them. Also, White, Floccia, Goslin, & Butler  128 

(2014) concluded that language discrimination at 5 months relies on the use of localized 129 

gradient differences in prosody. 130 

To our knowledge, the specific contribution of intonational information in early language 131 

discrimination has been targeted in just two different studies, one with newborns and one with 132 

5- and 7-month-olds. In a series of experiments, Ramus (2002) tested French neonates’ 133 

capacity to discriminate resynthesized Dutch and Japanese sentences in which different types 134 

of phonological information had been removed from them. Replicating previous results, he 135 

observed reliable discrimination when sentences preserved rhythmic and intonational 136 

information, but no discrimination was observed when sentences were resynthesized 137 

superimposing the intonational pattern of French sentences, therefore by neutralizing language-138 

specific intonational information.  Chong, Vicenik, & Sundara (2018) investigated the role of 139 

intonation in older infants. They compared the ability of American English learning infants to 140 
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discriminate American English from German (two stressed-timed languages) when different 141 

types of information were removed from the signal. Contrary to Nazzi et al. (2000) who found 142 

within-class language discrimination at 5 months of age, Chong et al. (2018) failed to observe 143 

discrimination between American English (their native language) and German in 5-month-olds 144 

in any of their experimental manipulations. The results of 7-month-olds showed discrimination 145 

whenever prosodic intonation was present: natural sentences and low-pass filtered ones. 146 

Crucially, 7-month-olds failed to discriminate when the original pitch contours were 147 

substituted by a monotone one; therefore, leaving rhythmic and segmental information, but 148 

removing the intonational one. The fact that Chong et al. (2018) did not find within-class 149 

language discrimination (between American English and German) at 5-months unlike Nazzi et 150 

al. (British English vs. Dutch), led them to compare the intonational patterns in both studies.  151 

Chong et al. (2018) measured several prosodic dimensions of Nazzi et al’s Dutch and British 152 

English stimuli and concluded that stimuli in German and American English from Chong et al. 153 

(2018) were intonationally more similar than the ones used in Nazzi et al. (2000).  154 

The pattern of results of early language discrimination studies has led researchers to favor 155 

prosodic information (rhythmic or intonational) over segmental information when explaining 156 

language discrimination in the first months of life. This is because patterns of language 157 

discrimination did not change when segmental information had been cancelled (Chong et al., 158 

2018; Molnar, Gervain, & Carreiras, 2014;  Nazzi et al., 2000; Nazzi & Ramus, 2003; Vicenik, 159 

2011), but the removal of prosodic (rhythmic or intonational) information has generally 160 

resulted in diminished discrimination. Additionally, the investigation of language processing 161 

in the first 6 months of life suggests that infants do not possess a proper representation of the 162 

phonological properties of their language of exposure other than prosody, or at least that they 163 

do not use such information in laboratory tasks. There is no solid evidence that at this age 164 

infants use information about phonemes (Johnson, Jusczyk, & Ramus, 2003; Nazzi et al., 2000) 165 
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or that they have any knowledge about the phonotactics of their native language (Friederici & 166 

Wessels, 1993; Jusczyk, Cutler, & Redanz, 1993). In contrast, at 5 months of age infants can 167 

already recognize some familiar word forms (Bortfeld, Morgan, Golinkoff, & Rathbun, 2005; 168 

Mandel, Jusczyk, & Pisoni, 1995; Mersad & Nazzi, 2012) and they can comprehend some 169 

words at 5-6 months (Bergelson & Swingley, 2012; Tincoff & Jusczyk, 1999, 2012). At this 170 

age infants show sensitivity to vowel (but not to consonant) mispronunciations of their own 171 

name (Bouchon et al., 2015). Taking into consideration these findings, it is likely that infants 172 

at 5-months have some proto-segmental information available which probably is related to 173 

vowels of their native language(s). 174 

By 6 months of age infants have already established knowledge of the vocalic system of 175 

their language. There is  evidence that at this age the perceptual vowel space has already 176 

“warped” to reflect the properties of their native language (Kuhl, 1991; see also Kuhl et al., 177 

1992; Polka & Werker, 1994; Werker & Tees, 1984). The computation of distributional 178 

information is one of the powerful tools infants have at their disposal to establish the phoneme 179 

repertoire of their native language (Maye, Werker, & Gerken, 2002). If at 6 months of age, 180 

native vowels are already in place, it is likely that by 4-5 months of age infants possess some 181 

language-specific knowledge of the distribution of vocalic sounds in their own language. The 182 

hypothesis that young infants may be sensitive to vocalic information had already been put 183 

forward by Mehler and colleagues with their TIGRE proposal (Mehler, Dupoux, Nazzi, & 184 

Dehaene-Lambertz, 1996). Though Ramus et al. (1999) considered rhythm as primary 185 

information for early language discrimination, they also proposed that ‘the infant primarily 186 

perceives speech as a succession of vowels of variable durations and intensities, alternating 187 

with periods of unanalysed noise (i.e. consonants)’(Ramus et al., 1999, p. 270). The authors 188 

even suggested that infants may be sensitive to cross language differences in number and 189 

position of vowels. The central goal of the present research is to test this hypothesis. To this 190 
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end we will investigate if 4-5-month-old infants can discriminate languages that differ 191 

primarily in the distribution of vowel sounds. We will take advantage of the differences in the 192 

distribution of vowels between Spanish and two dialects of Catalan: Eastern (Barcelona) and 193 

Western (Tortosa). We will also contribute to the rather sparse data investigating language 194 

discrimination when only intonational cues are present. We will achieve this goal by studying 195 

language discrimination of Western Catalan and Spanish, two languages primarily differing in 196 

some intonational dimensions.  197 

 Spanish and Catalan (both Eastern and Western) have been described as syllable-timed 198 

languages (Gavaldà-Ferré, 2007; Prieto et al., 2012; Ramus, Dupoux, & Mehler, 2003;  Ramus 199 

et al., 1999) and there is evidence that at 4-5 months of age, infants can discriminate Spanish 200 

from Eastern Catalan (Bosch & Sebastian-Galles, 1997, 2001; Bosch, Cortés, & Sebastián-201 

Gallés, 2001), which differ on the basis of several phonological dimensions (see table 1 for a 202 

summary of some relevant phonological differences between Spanish and Catalan). Spanish 203 

has a five-vowel system, Western Catalan has a seven-vowel one and Eastern Catalan an eight-204 

vowel one (Carbonell & Llisterri, 1999; Martínez-Celdrán, Fernández-Planas, & Carrera-205 

Sabaté, 2003). 206 

Of the most distinctive phonological features differentiating Spanish and Western Catalan 207 

from Eastern Catalan is the existence of vowel reduction in the latter, but not in the former. 208 

Languages with vowel reduction have fewer vowels in unstressed positions as compared to 209 

stressed positions, while in languages without vowel reduction the same vowels appear in 210 

stressed and unstressed positions. For example, central vowels (/e/ and /o/) do not appear in 211 

unstressed syllables in Eastern Catalan, but they do in Spanish and Western Catalan (the city 212 

of Barcelona is pronounced /bərsəl’onə/, /barθel’ona/, in Eastern Catalan and Spanish, 213 

respectively). Bosch & Sebastian-Galles (2001) suggested that the existence of vowel reduction 214 

in Eastern Catalan, but not in Spanish, could render the languages sufficiently different in terms 215 
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of their rhythm to allow their discrimination by 4-5 months of age, as vowel reduction is often 216 

found in stress-timed languages (Dauer, 1983; Roach, 1982). However as aforementioned, 217 

analyses using metrics (Gavaldà-Ferré, 2007; Prieto et al., 2012; Ramus et al., 1999) and 218 

perceptual experiments (Ramus et al., 2003) support the rhythmic similarity between them. 219 

Critical to our research proposals, the existence of vowel reduction in Eastern Catalan but not 220 

in Spanish and Western Catalan makes the three languages very different in terms of the token 221 

(frequency) distribution of vowels in the signal.  222 

Eastern Catalan has relatively few mid vowels in stressed positions (16% Alcina & Blecua, 223 

(1975) of all the vowels in the language), while there are three times more mid vowels in 224 

Spanish (49% Rafel, 1980). The occurrence of mid front vowels also differs greatly in the two 225 

Catalan dialects (Wheeler & Wheeler, 2005).Western Catalan does not have vowel reduction, 226 

rendering its distribution of vowels closer to Spanish (48% estimate from figure 2 from Ortega-227 

Llebaria & Bosch, 2015).  Ortega-Llebaria & Bosch (2015) also showed that the frequency of 228 

specific vowels (/ə/, /e/, /a/) is a reliable cue to classify an utterance belonging to either Western 229 

or Eastern Catalan, a result supporting the existence of differences in vowel distribution 230 

between the two Catalan dialects.  231 

 232 

 233 

Table 1 Summary of relevant phonological characteristics of Spanish and 

Catalan at the segmental and intonational levels. 

 

 Spanish Catalan 

Number of vowels i., ii. 

(stressed vs. unstressed 

positions) 

5 (5 / 5) 

 

8 (Eastern) (7 / 3) 

7 (Western) (7 / 7) 

 



 
 

11 

Main difference in 

boundary cues’ 

frequency iii., iv. 

Pitch reset Preboundary lengthening 

Main nuclear pitch 

accent iii. 
L*+H L+H* 

Foot stress v. Trochaic Iambic 

Intonational Phrasing 

Pattern vi. 
Most common (S)(VO) 

Most common (S)(VO), 

Also (SV)(O) 

References: 

i. Carbonell & Llisterri (1999) 

ii.Martínez-Celdrán, Fernández-Planas, & Carrera-Sabaté (2003) 

iii.Frota, D’Imperio, Elordieta, Prieto, & Vigário (2007) 

iv.Prieto et al. (2012) 

v. Gibson (2010) ; Ohannesian (2005); Oliva (1992); Wheeler & Wheeler (2005)  

vi.Imperio, Elordieta, Frota, Prieto, & Vigário (2009) 

 

Spanish and Catalan also differ at other prosodic levels, in particular intonation. As 234 

Prieto et al. (2015) showed that Eastern and Western Catalan do not differ in significant 235 

intonational dimensions, we will refer to both dialects as Catalan here. Concerning intonational 236 

information, Spanish and Catalan tend to group together when they are compared to other 237 

Romance languages such as Italian or European Portuguese, but they still show significant 238 

differences in the frequency of intonational boundaries and pitch movement, i.e. rising or 239 

falling (see Table 1 for a detailed description, Frota et al., 2007; Hualde, 2003; Prieto et al., 240 

2012). At the foot level, Spanish is clearly trochaic, but Catalan has been described as iambic 241 

(Gibson, 2010; Ohannesian, 2005; Oliva, 1992; Wheeler & Wheeler, 2005). The most common 242 
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phrasing intonational pattern in both Catalan and Spanish is (S)(VO) (Imperio et al., 2009). 243 

However, Catalan shows a tendency to divide constituents of an utterance into equally long 244 

parts, which yields to a frequent (SV)(O) pattern. This pattern is of very low frequency in 245 

Spanish.   246 

Summing up, the three languages have been described as very similar at the rhythmic 247 

level, but they cluster in different ways at the vowel distribution and intonation levels. Spanish 248 

and Western Catalan present very similar vowel token distributions, while Eastern Catalan 249 

differs from them. In terms of intonation, the two Catalan dialects are very similar, Spanish 250 

being the distinctive one. We hypothesize that at 4-5-months of age infants may use 251 

distributional properties of the vowel sounds of the languages. We also hypothesize that they 252 

may use other prosodic cues, i.e. intonation, to discriminate languages.  253 

The necessity to discriminate languages is the primary distinctive feature of early 254 

language acquisition in bilingual infants when compared to monolingual ones. However, the 255 

number of studies comparing monolingual and bilingual infants in the first six months of life 256 

is quite reduced. Such studies have systematically showed that monolingual and bilingual 257 

infants can discriminate the same language pairs: Byers-Heinlein et al. (2010), who 258 

investigated discrimination of English and Tagalog in newborns, Molnar et al. (2014), who 259 

investigated discrimination of Basque and Spanish in 3.5-month-old infants and a series of 260 

studies investigating the discrimination of Spanish and (Eastern) Catalan in 4-5 month-old 261 

infants (Bosch & Sebastian-Galles, 1997, 2001; Nacar Garcia, Guerrero-Mosquera, Colomer, 262 

& Sebastian-Galles, 2018). An additional goal of the present research is to provide further data 263 

to this critical process in infants growing up in bilingual environments. As described, Spanish 264 

and Eastern Catalan differ in terms of vocalic distribution and at the intonational level, thus, in 265 

Bosch & Sebastian-Galles (2001), infants had two different types of information at their 266 

disposal in order to discriminate languages. In the present experiments, language pairs will 267 
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differ in just one dimension, potentially making discrimination more difficult. Some studies 268 

have shown that bilinguals can visually discriminate languages (with no auditory information, 269 

silent videos of talking speakers) whereas monolinguals cannot (Sebastián-Gallés, Albareda-270 

Castellot, Weikum, & Werker, 2012; Weikum et al., 2007). These results have led researchers 271 

to conclude that bilinguals may be able to perform finer language discriminations than 272 

monolinguals. Nevertheless, Weikum et al. (2007) reported equivalent visual language 273 

discrimination between monolinguals and bilinguals at 6 months of age; it was at 8 months of 274 

age when bilinguals and monolinguals differed. Considering the lack of differences in language 275 

discrimination abilities between monolinguals and bilinguals before 6 months of age, we do 276 

not expect any difference between the two populations in the present research.  277 

In the present research, we have run 4 different experiments. In Experiment 1 we test 278 

infants’ ability to discriminate two languages with equivalent prosodic information (rhythm 279 

and intonation) but differing mainly in the distribution of vocalic information: Western and 280 

Eastern Catalan. Successful discrimination will be a proof of infants’ sensitivity to differences 281 

in vocalic distributions. In Experiment 2, we investigate the discrimination of Western Catalan 282 

and Spanish. As already mentioned, these two languages mainly differ at the intonational level; 283 

therefore, discrimination will provide additional support to the hypothesis that intonational 284 

information can be a reliable cue for language discrimination at 4-5 months of age. In 285 

experiments 1 and 2 the performance of infants growing up in monolingual and bilingual 286 

environments will be compared. Experiments 3 and Experiment 4 mirror the first two 287 

experiments with low-pass filtered sentences. Low-pass filtering has been extensively used to 288 

investigate early language discrimination (Bosch & Sebastian-Galles, 1997; Chong et al., 2018; 289 

Johnson et al., 2003; Nazzi et al., 1998). By filtering frequencies above 400 Hz most segmental 290 

information is removed while most prosodic information is preserved (i.e. intonation and 291 

stress). This manipulation of the speech signal should hinder the discrimination of Western 292 
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from Eastern Catalan, but Western Catalan from Spanish should still be distinguishable. 293 

Experiments 3 and 4 are carried out only with monolingual participants2. 294 

 295 

 296 

2. GENERAL METHODS 297 

 298 

Stimuli and procedure followed Bosch & Sebastian-Galles (2001) as close as possible to allow 299 

comparison of results.  300 

 301 

2.1. Participants 302 

Participants in the four experiments were healthy, full-term infants (>37 gestation 303 

weeks) coming from either Catalan and/or Spanish speaking families. Infants were recruited 304 

from maternity rooms from private hospitals in Barcelona (Spain). The linguistic background 305 

of the participants was assessed using an adapted version of the Bosch & Sebastian-Galles 306 

(2001) language questionnaire. In Experiment 1 and Experiment 3 participants were primarily 307 

exposed to Eastern Catalan (monolinguals and Eastern-Catalan dominant bilinguals), while in 308 

Experiment 2 and Experiment 4, participants were primarily exposed to Spanish (monolinguals 309 

and Spanish-dominant bilinguals). Table 2 displays the distribution of participants across 310 

experiments. Monolingual participants were exposed at least 88% to the dominant language 311 

and bilingual participants were exposed to the dominant language at a level ranging from 51% 312 

to 78%. Participants’ data were discarded if they were exposed to Western Catalan on a regular 313 

basis. This language criterion was imposed on participant selection in all 4 experiments. The 314 

                                                      
2 Lack of availability of bilingual participants motivated their exclusion in experiments 3 and 
4. 
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research reported in this article was conducted in accordance with the principles expressed in 315 

the Declaration of Helsinki and approved by the local ethical committee (the clinical research 316 

ethical committee of the Parc de la Salut Mar). Caregivers signed a consent form before 317 

participating in the experiment and a small gift was given to them at the end of the experiment. 318 

 319 

Table 2 Description of participants’ language background, number of participants in 
each experiment, language used in the familiarization phase in the four experiments 
and average exposure to Dominant Language 

Experiment 
Dominant Lang / 
Familiarization 

language 

Monolinguals 
 

Bilinguals 
 

n DomL
% 

n DomL
% 

1:Eastern vs Western Catalan Eastern Catalan 20 97.5 20 63 

2:Spanish vs Western Catalan Spanish 20 97 20 66 

3:Low pass East vs West Cat Eastern Catalan 20 93 - - 

4:Low pass Sp vs West Cat Spanish 20 90.7 - - 

 320 

 321 

2.2. Stimuli 322 

The stimuli were sentences in Eastern Catalan, Western Catalan, and Spanish. A female 323 

proficient Catalan-Spanish bilingual speaker who was an actress student, highly proficient in 324 

both Catalan dialects and Spanish, was recorded. The native speaker had no detectable accent 325 

in any of the three languages. Three independent native speakers could not detect the 326 

dominant/first language of the speaker. The stimuli were recorded with an Audio-Tecnica 327 

microphone (AT2050) at a sampling rate of 44100 Hz, in a soundproof room at the ‘Laboratori 328 

de Recerca en Infancia’ at University Pompeu Fabra. Audacity® recording and editing 329 

software (Mazzoni, 1999) was used to record the stimuli and to extract the sentences from the 330 

recordings. The speaker was recorded while she was reciting sentences describing a child’s 331 

storybook without text, named Frog, where are you? by Mayer (1969). She was instructed to 332 
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recite the sentences in an infant-directed manner, avoiding unnecessary pauses, so as to ensure 333 

natural, smooth and continuous recordings.  334 

For each language, a total of 12 sentences were selected. All the sentences were 335 

declarative, equivalent to phonological phrases in the prosodic hierarchy. A content word was 336 

never repeated more than three times in the whole experiment and the three repetitions never 337 

appeared in the same phase of the study, i.e. familiarization or test. The sentences in the 338 

different languages were similar in meaning, but not direct translations. The sentences were 339 

organized into four different, three-sentence long, passages per language. The order of the 340 

sentences within each passage was randomized across participants. We measured duration, 341 

number of syllables and different aspects of fundamental frequency (mean, maximum, 342 

minimum and standard deviation) using the Praat acoustic analysis software (Boersma & 343 

Weenink, 2016), for sentences and passages in each language (see table S4 in the 344 

Supplementary Information). No statistical differences between any pair of languages were 345 

observed for any measurement at the sentence or passage level (unpaired two sample t-tests, 346 

uncorrected p-values>.18). As shown in fig.1, the vowels contained in our sentences were 347 

representative of the distribution of vowel tokens in the three languages.  348 

 349 

 350 
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Fig. 1 A visual representation of the differences in vowel distribution in our stimuli, Western 351 

Catalan and Spanish being more similar than Eastern Catalan. High vowels are in blue, mid 352 

vowels are in red and low-central vowels in green. Percentages of vowel distribution (in 353 

parentheses) extracted from our stimuli. Our stimuli closely mimic the vowel distribution as 354 

the ones described for Eastern Catalan in Rafel (1980), for Western Catalan in Ortega-Llebaria 355 

& Bosch (2015) and for Spanish in Alcina & Blecua (1975). 356 

 357 

Following Bosch & Sebastian-Galles (2001), a trial consisted of one passage, repeated 358 

twice, which resulted in six sentences per trial with 1 second silence between them. The average 359 

duration of a trial was 28 seconds. In the familiarization phase, participants always heard 360 

sentences in their dominant language, either Eastern Catalan or Spanish. Two passages were 361 

used for the familiarization. Participants had to accumulate 2 minutes paying attention to the 362 

screen while listening to the passages. To do so, they had to at least be presented with three 363 

trials per passage. The test phase consisted of eight trials, which were organized into two blocks 364 

for the purposes of the analyses following Bosch & Sebastian-Galles (2001). Each block 365 

contained two trials in the familiarized language and two trials in the non-familiarized 366 

language. The stimuli in the test were all novel. Their order and side of presentation was 367 

randomized, with the exception that the first trial of each block was in the non-familiarized 368 

language. 369 

In the first two experiments, the sentences were natural speech: in Eastern and Western 370 

Catalan in Experiment 1 and in Spanish and Western Catalan in Experiment 2. In Experiment 371 

3 and Experiment 4, the same stimuli were used respectively, only now the sentences were 372 

low-pass filtered with a cut-off threshold at 400 Hz and a roll-off at 48 dB/octave, which were 373 

edited using Audacity®. In the last two experiments, most segmental information was 374 

removed, leaving primarily prosodic cues available, whereas in the first two experiments 375 
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sentences had both segmental and prosodic cues available (see in the Supplementary 376 

Information Figure S2 and S3 an example of the natural and low-pass filtered stimuli) 377 

 378 

2.3. Procedure 379 

Infants were tested in a sound-attenuated, dimly lit room at the ‘Laboratori de Recerca 380 

en Infancia’ (Center for Brain and Cognition, Universitat Pompeu Fabra). The testing room 381 

was equipped with three ASUS VE276N (size: 27", resolution: 1920x1080) monitors facing a 382 

chair. The monitors were positioned one right next to the other and the chair was oriented 383 

towards the one in the middle. Each lateral screen subtended a visual angle of 21º, Two M-384 

Audio AV 30 loudspeakers were hidden behind the two lateral monitors. The experiment was 385 

run by an experimenter outside the testing room using a custom-made program (based on 386 

Matlab and Psychtoolbox (Brainard, 1997)). A SONY HC9 camera was placed 20 cm above 387 

the central monitor allowing experimenters to record infants’ reactions for online and offline 388 

analyses. The camera recorded not only the participant, but also a panel with led infra-red light 389 

bulbs placed behind the chair (see figure S4 in Supplementary material for a detailed 390 

description) and a mirror mounted on top of the light panel. The panel and mirror were used 391 

online as a control for stimuli presentation and for the offline coding. A text file was also 392 

generated for each participant with the order of the sentences in each trial and the side of 393 

presentation (left or right lateral monitor). The participant was seated on the caregiver’s lap at 394 

approximately 75 cm from the central monitor. The caregiver listened to masking music during 395 

the experiment and was instructed to avoid any interaction with the infant. 396 

We used the adaptation of the familiarization-preference paradigm (Jusczyk & Aslin, 397 

1995), developed by Bosch & Sebastian-Galles (2001) to test language discrimination with this 398 

particular age group and population. Each trial began with a rotating flower appearing in the 399 

central screen. The rotating flower remained on the screen until the participant fixated on it. 400 
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Then the central flower was extinguished, and a second flower of different colors appeared in 401 

one of the two lateral monitors (see figure S1 in Supplementary material). Once the participants 402 

fixated on that lateral monitor, sentences were played through the corresponding lateral 403 

loudspeaker in the same side. The side of the stimuli presentation was randomized with a 404 

maximum of three consecutive trials coming from the same side. 405 

Infants were first familiarized in their native language, either Eastern Catalan 406 

(Experiment 1, Experiment 3) or Spanish (Experiment 2, Experiment 4). Once participants had 407 

accumulated two minutes of total looking time to the screens during familiarization, the test 408 

phase began. The order of the test trials was pseudorandomized, the first test trial in each block 409 

was always in the non-familiarized language. No more than two consecutive passages of the 410 

same language were played. Trial order was counterbalanced across participants. The whole 411 

experiment lasted between 7 and 10 minutes. 412 

 413 

2.4.Coding 414 

 An experimenter sat outside the testing room, coded online, while watching via a 415 

camera the participants’ behavior without sound. If the participant was looking at the screen, 416 

then the researcher pressed a key continuously, if they looked away, then the experimenter 417 

stopped pressing, which enabled the stimulus presentation to be infant-controlled.  Looking 418 

times were coded offline using PsyCode (http://psy.cns.sissa.it). Looking time was computed 419 

if the participants had turned their heads and fixated on the screen where the visual stimulus 420 

was presented. The time participants did not pay attention to the screen, judging from the videos 421 

were subtracted from the total looking time. The maximum looking time for a given trial was 422 

on average 28 seconds. Looking times under 500ms were discarded and were counted as 423 

missing data. Coders were blind to the experimental condition since the videos had no sound. 424 

Information on the specific language and sentences heard in each trial was saved on a separate 425 
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text file. The onset and offset of the sentences were evident from the led panel shown in the 426 

videos. A second coder analyzed half of the videos for each experiment. We calculated the 427 

Interclass Correlation Coefficient (ICC) to check for agreement between the two sets of 428 

observations by a two-way model with raters as a fixed-factor and population as a random 429 

factor (R ‘irr’ package (Gamer, Lemon, Fellows, & Singh, 2019; Koo & Li, 2016; Shrout & 430 

Fleiss, 1979). ICCs oscillated between .915 (Experiment 2) and .989 (Experiment 3) showing 431 

a high degree of agreement. Reported data were coded by the primary coder. 432 

 433 

2.5. Data analysis 434 

Statistical analyses and figures were generated using R and RStudio (R Core Team, 435 

2019; RStudio Team, 2019). We used the ‘ez’ R package (Lawrence, 2016) to perform the 436 

ANOVAs. The eight test trials were divided into two blocks for the purposes of the analyses, 437 

following Bosch & Sebastian-Galles (2001). We only included participants with at least one 438 

valid data point per block and condition. Percentage of missing data-points were 0%, 0%, 1.2% 439 

and 1.8% for experiments 1-4 respectively. We also conducted paired t-tests and Bayesian 440 

Factor analysis to compare the looking times in each Condition (switch vs. same) using JASP 441 

(van Doorn et al., 2019). In experiment 1,2 and 4 we calculated the Bayes Factor in favor of 442 

the alternative hypothesis (BF10), i.e. we expect participants to be able to discriminate. In 443 

experiment 3 we calculated the Bayes Factor in favor of the null hypothesis (BF01) since based 444 

on our hypothesis we expect infants to be unable to discriminate Western and Eastern Catalan 445 

when low-pass filtered. 446 

 447 

3. Experiment 1 Testing discrimination based on vowel distribution 448 

In Experiment 1, we tested the hypothesis that 4-5 month-old infants can discriminate 449 

languages when primarily differences in the distribution of vocalic information are present. We 450 
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presented infants with sentences of two dialects of Catalan (Eastern and Western) differing in 451 

the distribution of vocalic sounds and with equivalent rhythmic and intonational information. 452 

Infants raised in monolingual and bilingual environments were also compared. 453 

3.1. Methods 454 

 The final sample consisted of 20 monolinguals (10 females, 10 males, Mage = 150 days, 455 

SD= 7.2, range 138-163, 97,5% exposure to Eastern Catalan) and 20 bilinguals (7 females, 13 456 

males, Mage =148 days, SD= 8.24, range 136-161, 63% exposure to Eastern Catalan). The 457 

monolingual participants were exposed to Eastern Catalan at least 85% of the time and the 458 

bilingual participants were exposed to Eastern Catalan and Spanish with a maximum exposure 459 

to Eastern Catalan 78% of the time. One of the bilingual participants had a 2% exposure to 460 

English from a relative. An additional 15 infants were tested but not included in the final sample 461 

due to: fussiness and/or lack of interest (7), crying (6), experimental error (2). Nineteen infants 462 

were also tested but not included in the final sample because they failed to reach the inclusion 463 

criteria: language profile (13), minimum weight at birth (≤ 2600 g) (3) or health issues (3). 464 

Infants were familiarized in their dominant language, Eastern Catalan. During the 465 

testing phase, they were presented with sentences in the same language as the familiarization 466 

(same condition) and sentences from a different language, here Western Catalan (switch 467 

condition).  468 

3.2. Results and discussion 469 

 470 
Total looking times to the Same, i.e. Eastern Catalan, and Switch, i.e. Western Catalan, 471 

language trials during the test phase are shown in fig.2. A three-factor mixed ANOVA was 472 

performed with Condition (Same, Switch) and Block (1, 2) as within-subjects factors and 473 

Language as a between-subjects factor (monolingual, bilingual). A significant effect of 474 

Condition (F(1, 38) =  14.21, p < .001, η2
G = .03) and Block (F(1, 38) =  30.58, p < .001, η2

G = 475 

.10)  were found. Participants looked longer in the Switch condition (M = 14887ms, SD = 476 
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5721) than in the Same condition (M = 13032ms, SD = 5909). They also looked longer in the 477 

first Block (M = 15796, SD= 5674) than in the second Block (M = 12123, SD = 5511). The 478 

interaction between the two did not reach statistical significance (F(1, 38) =   0.10, p = .759, 479 

η2
G < .01). There was no effect of Language (F(1, 38) =   0.48, p = .495, η2

G< .01), nor did it 480 

interact with Condition (F(1, 38) =   1.09, p = .303,  η2
G< .01) nor with Block (F(1, 38) =   1.47, 481 

p = .233, η2
G < .01). The triple interaction between the three factors was also not significant 482 

(F(1, 38) =   0.31, p = .580, η2
G < .01). Separate paired t-tests for monolinguals and bilinguals 483 

on the Condition factor showed significant differences for each group: t(19) = 2.20, p = .041, 484 

d = 0.49, BF10= 1.63  and t(19) = 3.07, p = .006, d = 0.69, BF10= 7.50; for monolinguals and 485 

bilinguals, respectively. When we consider the data of both monolinguals and bilinguals 486 

together, we have a very strong effect of discrimination (BF10= 52.16). We found that 4.5-487 

month-old infants were able to discriminate Eastern from Western Catalan regardless of their 488 

linguistic background. As the main difference between the two Catalan dialects is their vowel 489 

distribution, the results support the hypothesis that some segmental information, in particular, 490 

vowel distribution may be used as a cue for language differentiation before the vowel repertoire 491 

of the native language is established. 492 

   493 

4. Experiment 2 Testing discrimination based on suprasegmental information 494 

Experiment 2 was designed to test the hypothesis that 4-5 month-old infants can rely 495 

on intonational information to discriminate languages. Previous research has shown that five-496 

month-old infants can discriminate between Eastern Catalan and Spanish (Bosch & Sebastian-497 

Galles, 1997, 2001). However, Eastern Catalan and Spanish differ at the intonational level and 498 

also at the vowel distribution. In Experiment 2, we attempted to extend the results by comparing 499 

a new pair of languages, Western Catalan and Spanish that primarily differ at the intonational 500 

level.  501 
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 502 

4.1. Methods 503 

The final sample consisted of 20 monolinguals (10 females, 10 males, Mage = 150 days, 504 

SD= 7.15, range 138-161, 97% exposure to Spanish) and 20 bilinguals (10 females, 10 males, 505 

Mage =148 days, sd=7.94, range 137-164, 66% exposure to Spanish). The monolingual 506 

participants were exposed to Spanish at least 87% of the time and the bilingual participants 507 

were exposed to Spanish and Eastern Catalan with a maximum exposure to Spanish 78% of 508 

the time.  Two of the bilingual infants had each a 5% and a 6% exposure to English through a 509 

relative. An additional 11 infants were tested but not included in the final sample due to: 510 

fussiness and/or lack of interest (1), crying (6), technical error (4). Sixteen infants were also 511 

tested but not included in the final sample because they failed to reach the inclusion criteria: 512 

language profile (10), minimum weight at birth (≤ 2600 g) (2), health issues (4).  513 

Infants were familiarized in their dominant language, Spanish. During the testing phase, 514 

they were presented with sentences in the same language as in the familiarization phase (same 515 

condition) and with sentences from a different language, here Western Catalan (switch 516 

condition).  517 

4.2. Results and discussion 518 

 Total looking times to the Same, i.e. Spanish, and Switch, i.e. Western Catalan, 519 

language trials during the test phase are shown in fig.2. A three-factor mixed ANOVA was 520 

performed with Condition (Same, Switch) and Block (1, 2) as within-subjects factors and 521 

Language as a between-subjects factor (monolingual, bilingual). A significant effect of 522 

Condition (F(1, 38) =   4.62, p = .038, η2
G = .02) and Block (F(1, 38) =  24.60, p < .001, η2

G = 523 

.12) were found. Participants looked longer in the Switch condition (M = 15163ms, SD = 5597) 524 

than in the Same condition (M= 13863ms, SD = 5547). They also looked longer in the first 525 

Block (M = 16381, SD= 5009) than in the second Block (M = 12645, SD = 5549). The 526 
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interaction between the two did not reach statistical significance (F(1, 38) =   0.02, p = .878, 527 

η2
G < .01). There was no effect of Language (F(1, 38) =   0.71, p = .406, η2

G < .01) nor did it 528 

interact with Condition (F(1, 38) =   0.00, p = .979, η2
G < .01) nor with Block (F(1, 38) =   1.52, 529 

p = .225, η2
G < .01). The triple interaction between the three factors was also not significant 530 

(F(1, 38) =   0.01, p = .903, η2
G < .01).  Separate paired t-tests for monolinguals and bilinguals 531 

on the Condition factor failed to show significant differences for each group: t(19) = 1.54, p = 532 

.141, d = 0.34, BF10= 0.63 and t(19) = 1.51, p = .149, d = 0.34, BF10= 0.61 ; for monolinguals 533 

and bilinguals, respectively. When we consider the data of both monolinguals and bilinguals 534 

together, we have a small effect of discrimination (BF10= 1.41). 535 

 We found that 4.5-month-old infants could discriminate Western Catalan from Spanish 536 

in a similar way regardless of their linguistic background. Because these two languages 537 

primarily differ at the intonational level, the present results extend previous studies showing 538 

the use of intonational information to discriminate languages at 4-5 months of age.  539 

Concerning language background, given the lack of effects of this variable (see table 540 

3), it was no longer checked in the following experiments, that included only monolingual 541 

infants. 542 

 543 
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 544 

Fig. 2 Average looking times to trials in the same and switch condition in Experiment 1 545 

testing vowel distribution (Eastern Catalan vs. Western Catalan with natural stimuli), and in 546 

Experiment 2 testing intonational information (Spanish vs. Western Catalan with natural 547 

stimuli). Each dot represents the average of one participant. The boxes and whiskers 548 

represent the mean and the standard error, respectively. 549 

 550 

Table 3 Mean looking times and standard deviations to the two Conditions for 

Monolingual and Bilingual participants in experiments 1 and 2 

Experiment 
Monolinguals Bilinguals 

Same Switch Same Switch 

1: West vs. East 
Catalan 

12805 
(SD= 4466) 

14145 
(SD= 5382) 

13258  
(SD= 5200) 

15627 
(SD= 3534) 

2: West Cat vs. 
Spanish 

13357 
(SD= 4746) 

14641 
(SD= 4874) 

14368 
(SD=3374) 

15684  
(SD= 4095) 

 551 



 
 

26 

In Experiment 1 and Experiment 2, we showed that 4-5-month-old infants can discriminate 552 

between languages differing mainly in distributional properties of their vocalic system and in 553 

intonational information. Experiment 3 and Experiment 4 were designed to further test these 554 

hypotheses. We low-pass filtered the stimuli used in Experiment 1 and Experiment 2 and tested 555 

two new sets of participants. Low-pass filtering has been widely used as a way of removing 556 

most of the segmental information and leaving prosody intact (Bosch & Sebastian-Galles, 557 

1997; Chong et al., 2018; Molnar et al., 2014; Thierry Nazzi et al., 1998). If infants used the 558 

vowel distribution in Experiment 1 as a cue for discrimination, we do not expect infants to 559 

discriminate Low-pass filtered Western from Low-pass filtered Eastern Catalan (Experiment 560 

3). In contrast, in Experiment 4 we expect infants to discriminate low-pass filtered Spanish 561 

from low pass filtered Western Catalan, as low pass filtering will not have removed the 562 

intonational information that allowed discrimination in Experiment 2. 563 

 564 

5. Experiment 3 Testing discrimination with low-pass-filtered stimuli to control for 565 

differences in vowel distribution   566 

In Experiment 3, we investigated whether suprasegmental information is enough for 4.5-567 

month-old infants to discriminate between Western and Eastern Catalan. By low-pass filtering 568 

the stimuli used in Experiment 1, we eliminated most of the segmental information. Pertinent 569 

to our goals, we significantly attenuated the information on the differences in vowel 570 

distribution. If infants fail to discriminate the two, it would provide supportive evidence to our 571 

hypothesis that infants used the frequency of vowels of the two Catalan dialects as a cue to 572 

discriminate in Experiment 1. 573 

5.1. Methods 574 

The final sample consisted of 20 infants (14 females, 6 males, Mage = 149 days, SD= 575 

10.11, range 139-168, mean exposure to Eastern Catalan 93%). An additional 10 infants were 576 
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tested but not included in the final sample due to: fussiness and/or lack of interest (3), crying 577 

(4), technical error (2), parental interference (1). Seven infants were also tested but not included 578 

in the final sample because they failed to reach the inclusion criteria: language profile (5), 579 

health issues (2). 580 

Infants were familiarized and tested in the same way as in experiment 1, only now the 581 

stimuli were low-pass filtered at 400 Hz. 582 

5.2. Results and Discussion 583 

 Total looking times to the Same, i.e. Eastern Catalan, and Switch, i.e. Western Catalan, 584 

trials during the test phase are shown in fig. 3. A two-factor repeated measures ANOVA was 585 

conducted with Condition (switch, same) and Block (1, 2) as factors. Condition (F(1, 19) =   586 

0.00, p = .957, η2
G < .01 ) did not reach statistical significance, neither did Block (F(1, 19) =   587 

1.03, p = .323, η2
G < .01). The interaction was also not significant (F(1, 19) =   0.69, p = .417, 588 

η2
G < .01) . In order to make sure that our null effect of Condition was not due to lack of power, 589 

we calculated the Bayes Factor for the null hypothesis against the alternative one, i.e. infants 590 

were able to discriminate.  The result suggests that the null model is 4.29 (BF01) times more 591 

probable than the alternative model, which is a moderate effect. Therefore, we have evidence 592 

of absence of an effect (Dienes, 2014).  593 

Participants looked equally in the Switch condition (M = 11386ms, SD = 5835) and in 594 

the Same condition (M = 11329ms, SD=5720). The lack of discrimination speaks to the nature 595 

of the cue that infants used to distinguish between Eastern from Western Catalan in Experiment 596 

1, supporting the conclusion that infants used differences in vowel distribution, as 597 

discrimination was not possible when this information was practically removed from the 598 

stimuli. Our findings also support the hypothesis that the two dialects do not differ in terms of 599 

intonational contours, as low-pass filtering does not remove this type of prosodic features.   600 

 601 
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6. Experiment 4 Testing Discrimination with low pass filtered stimuli to check for 602 

suprasegmental information sufficiency  603 

In Experiment 4, we tested whether intonational cues are sufficient for 4.5-month-old 604 

infants to discriminate between Western Catalan and Spanish. We low-pass filtered the stimuli 605 

used in Experiment 2, in order to leave behind only suprasegmental information. If our 606 

hypothesis that infants can use the differences in intonational patterns to discriminate between 607 

the two is correct, then they should succeed even when no segmental information is available. 608 

6.1. Methods 609 

 The final sample consisted of 20 infants (10 females, 10 males, Mage = 151 days, SD= 610 

7.33, range 138-164, mean exposure to Spanish 90.7%). One of the participants had an 611 

exposure of 2% to English by a relative. An additional 6 infants were tested but not included 612 

in the final sample due to: fussiness and/or lack of interest (2), cried (2), technical error (1), 613 

parental interference (1). One infant was also tested but not included in the final sample because 614 

they failed to reach the inclusion criteria (health issues). 615 

Infants were familiarized and tested in the same way as in Experiment 2, only now the 616 

stimuli were low-pass filtered at 400 Hz. 617 

6.2. Results and Discussion 618 

Total looking times to the same, i.e. Spanish, and switch, i.e. Western Catalan, language 619 

trials during the test phase are shown in fig.3. A two-factor repeated measures ANOVA was 620 

conducted with Condition (switch, same) and Block (1, 2) as factors. Only Block reached 621 

significance (F(1, 19) =  20.74, p < .001, η2
G = .09) and Condition was close to it (F(1, 19) =   622 

3.82, p = .066, η2
G = .01). The interaction between Condition and Block (F(1, 19) =   2.58, p = 623 

.124, η2
G < .01) was not significant. Participants showed a trend to look more in the Switch 624 

condition (M = 13036ms, SD = 6055) than in the Same condition (M = 11575ms, SD=6667).  625 
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Infants showed a trend to discriminate between low-pass filtered Spanish and Western 626 

Catalan (BF10= 1.125).  The lack of significant differences  does not allow us to draw any firm 627 

conclusions on whether infants can discriminate the two languages when low-pass filtered. 628 

 629 

Fig. 3 Average looking times to trials in the same and switch condition in exp.3 Eastern 630 

Catalan vs. Western Catalan with low-pass filtered stimuli, and in exp.4 Spanish vs. Western 631 

Catalan with low-pass filtered stimuli. Each dot stands for the average of one participant. The 632 

boxes and whiskers for the mean and the standard error. 633 

 634 

7. General discussion 635 

 636 

In a series of four experiments, we have investigated 4-5-month-old infants’ abilities to 637 

discriminate languages using information other than linguistic rhythm. By comparing language 638 

discrimination in pairs of languages, differing in their vocalic distribution or in their 639 



 
 

30 

intonational patterns, we have been able to assess the relevance of these factors in early 640 

language differentiation. In Experiment 1 and Experiment 3 we tested infants’ capacities to 641 

discriminate two languages differing primarily in the distribution of vocalic information 642 

(Eastern Catalan and Western Catalan). Infants successfully discriminated the two languages 643 

only when segmental information was available (Experiment 1). In Experiment 3 we low-pass 644 

filtered the sentences and discrimination was no longer observed. In Experiment 2 and 645 

Experiment 4 we observed that 4-5 month-old infants can discriminate languages differing 646 

primarily in terms of their intonational patterns (Western Catalan and Spanish), even when low 647 

pass-filtered. The comparison of monolingual and bilingual infants in Experiment 1 and 648 

Experiment 2 showed no differences in the language discrimination abilities between the two 649 

populations. 650 

The primary goal of our investigation was to assess if before infants have established the 651 

vowel categories of their native language, they are sensitive to differences in distributional 652 

properties of vocalic information in two languages. The results have provided compelling 653 

evidence that they are. The results challenge the assumption that vocalic information does not 654 

contribute, in a significant way, to early language discrimination abilities. Two types of 655 

experimental evidence have supported such an assumption. First, language discrimination 656 

studies have shown that on the one hand, patterns of discrimination do not change when 657 

segmental information is cancelled by either low-pass filtering or by resynthesizing speech; on 658 

the other hand, discrimination is hindered when prosodic information is altered or cancelled. 659 

Such results have led researchers to conclude that vocalic (segmental) information plays a 660 

negligible role. Second, before 6 months of age infants do not show evidence of perceptual 661 

narrowing to the phoneme system of their native language. The earliest narrowing has been 662 

reported at around 6 months of age for vowels (Kuhl, 1991; Kuhl et al., 1992; Polka & Werker, 663 

1994; Werker & Tees, 1984). Investigating the same population tested here, Bosch & 664 
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Sebastián-Gallés (2003) showed that Spanish and Catalan 4-5 month-old monolingual infants 665 

were able to differentiate the Catalan-specific /e/-/ε/ vowel contrast, a contrast that at 8 months 666 

of age Spanish monolingual infants did no longer differentiate (see Albareda-Castellot, Pons, 667 

& Sebastián-Gallés  (2011) for converging results with a different paradigm). The lack of 668 

tuning to the native vocalic repertoire also supported the idea that at this early age, language-669 

specific segmental information plays little role, if any, in early language discrimination 670 

abilities. Studies that have considered cross-language differences at the segmental level as a 671 

potential cue, have compared the size or overlap of vowel or consonant repertoires. For 672 

instance, German possesses front rounded vowels and English does not (Chong et al., 2018). 673 

However, considering differences or similarities in the phoneme inventories assumes that 674 

perceivers already possess phoneme categories. Our proposal is that infants compute 675 

distributions of tokens in the acoustic/perceptual space, without necessarily classifying tokens 676 

as members of specific phonetic categories. If two vocalic distributions are different enough, 677 

discrimination will be possible.  678 

Sensitivity to vocalic information at such an early age finds support in different types of 679 

evidence. Bouchon et al. (2015) showed that at 5 months infants already notice vowel 680 

mispronunciations of their name, but not consonant mispronunciations. The first signs of 681 

perceptual narrowing occur earlier for vowels, i.e. at 6 months, than for consonants, i.e. at 10 682 

months (Kuhl et al., 1992; Werker & Tees, 1984). Together with acoustic saliency, frequency 683 

of occurrence may facilitate such early perceptual narrowing. Across languages of the world, 684 

there are less vowel categories than consonant categories. According to Maddieson (2013), the 685 

C/VQration (resulting from dividing the number of consonants (C) by the number of vowel 686 

qualities (VQ) in a language) there are no languages with more, or even equal, consonants than 687 

vowels. For the languages tested in the present research, such number is around 3.8 for Spanish 688 

and 2.6 for Catalan (with slight variations depending on the dialectal variation), that is there 689 
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are 3.8 and 2.6 more consonants than vowels in Spanish and Catalan respectively. Yet, vowels 690 

represent around 50% of the sounds in the speech signal (according to  Ramus et al. (1999) 691 

43.8% in Spanish and 46.6% in Eastern Catalan, no data provided for Western Catalan).  692 

There are two different (though non-mutually exclusive) types of distributions that infants 693 

may have used to discriminate Western Catalan from Eastern Catalan in Experiment 1. One 694 

possibility is that they have computed the distribution during the familiarization and test 695 

phases, and they have used such information to notice the differences between the sentences of 696 

the two languages presented in the test phase. There is abundant evidence showing that infants 697 

can rapidly compute distributional information of different linguistic units with short 698 

experimental exposure (subtle phonetic cues Maye et al.(2002); syllables Saffran, Aslin, & 699 

Newport (1996); see Aslin & Newport (2014) for a review). Although Maye et al. (2002) 700 

participants were 6 month-olds, the authors suggested that even younger infants could be 701 

sensitive to distributional information due to the universality of the statistical learning 702 

mechanism (present even across species, see for a review Santolin & Saffran (2018)). It is 703 

therefore possible that infants may have used the distributional information provided during 704 

the experiment to perform the task.  705 

The second possibility is that infants may already possess a primitive knowledge about the 706 

distribution of sounds in their native language. As infants grow older and attain more 707 

experience with their language(s), they build a coarse representation of the quality and quantity 708 

of the vowel system and they primarily use this information to discriminate the two languages. 709 

The pattern of results of previous research is consistent with the use of information 710 

corresponding to infants’ native language in language discrimination tasks, as discrimination 711 

is more likely to be observed if one of the languages is the native one. For instance, Nazzi et 712 

al. (2000) did not observe discrimination in 5-month-old infants exposed to American English 713 

when listening to Dutch and German sentences. In the same line, Butler et al. (2011) reported 714 
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that 5-month-olds learning Southwestern British English could discriminate their native dialect 715 

from Welsh English, but they failed to do so between the two unfamiliar Welsh English and 716 

Scottish English. The fact that in our study infants were familiarized with sentences in their 717 

native language prevents us from assessing which of the two types of distributional information 718 

was responsible for infants’ behavior. One future line of research is testing infants learning 719 

languages with completely different vocalic distribution to the ones tested in the experiment. 720 

An alternative path is to test infants using preference tests, without familiarization. Such studies 721 

are currently under way in our laboratory. 722 

Our investigation also informs about early sensitivity to intonational differences that infants 723 

can use to discriminate languages. Investigation into early perception of prosodic information 724 

has been dominated by research on the perception of language rhythm, with few studies 725 

targeting the relevance of intonation in early language discrimination. Ramus (2002) tested if 726 

newborns could perform a between-class discrimination, i.e. Dutch versus Japanese, with 727 

different types of information available. Neonates could discriminate the two languages when 728 

the stimuli were resynthesized leaving rhythm and some broad phonotactics available. Ramus 729 

superimposed common foreign intonational contours on the original Dutch and Japanese 730 

sentences. In this case, discrimination was not significant anymore. To our knowledge only 731 

Chong et al. (2018) performed an investigation comparable to ours testing 5-month-olds in a 732 

within-class discrimination situation. Chong et al. (2018) did not find discrimination of 733 

American-English and German in 5-month-olds learning American English. In our research 734 

we have found some evidence of discrimination with two prosodically similar languages.  On 735 

top of potential differences in the types of intonational information differing between the two 736 

sets of languages, it is possible that methodological differences between the two studies may 737 

also account for the different patterns. In particular, differences in the stimuli may have 738 

facilitated discrimination in our case (or hindered in  Chong et al. (2018)). Chong et al. (2018) 739 
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used different speakers in their stimuli (four female native speakers for each language) and we 740 

have used only one speaker. Because we wanted to compare our results with Bosch & 741 

Sebastian-Galles (2001) we decided to keep the experiments methodologically as close as 742 

possible. Because, the evidence of discrimination in our research is not very robust it is difficult 743 

to draw firm conclusions from our research concerning the use of intonational information in 744 

early language discrimination. 745 

One potential caveat in our research is the use of low-pass filtering (in Experiments 3 and 746 

4). This technique has often been used in similar procedures as a way to eliminate most of the 747 

segmental information in the speech signal (e.g. Bosch & Sebastian-Galles, 1997; Chong et al., 748 

2018; Molnar et al., 2014; Thierry Nazzi et al., 1998). The use of low-pass filtering has been 749 

criticised on the grounds that this manipulation does not remove all segmental information or 750 

that it distorts it to some degree. Such criticism may be relevant given that low-pass filtering 751 

preserves some rough information about vocalic information. Although we cannot discard that 752 

some vocalic information went through the low-pass filtered, it was not enough to allow 753 

language discrimination, as infants were not able to discriminate Eastern Catalan from Western 754 

Catalan in Experiment 3.  755 

In Experiments 1 and 2 we compared monolingual and bilingual infants in their capacity 756 

to discriminate languages. We did not observe any difference between 4-5 month-old- 757 

monolingual and bilingual infants. This result is in agreement with previous research in the 758 

field. Using similar procedures based on procedures measuring recovery of attention after 759 

habituation/familiarization exposures Bosch & Sebastian-Galles (2001), Byers-Heinlein et al. 760 

(2010) with newborns,  Molnar et al. (2014) with Basque or Weikum et al. (2007) with visual 761 

language have systematically failed to report reliable differences between monolinguals and 762 

bilinguals. This result has been found with auditory and visual only stimulus, regardless of the 763 

typological or rhythmic distance between the languages (Spanish-Catalan; Tagalog-English; 764 
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Basque-Spanish; French-English). It has often been argued that the need to discriminate 765 

languages in bilingual infants would be on the basis of some processing differences between 766 

them, either with linguistic or non-linguistic stimuli. In the investigation reported here, 767 

language discrimination was quite challenging, as language pairs mainly differed in either 768 

vowel distribution or in subtle intonational cues. If bilingual infants were better at language 769 

discrimination, the language pair we have used provided one of the best scenarios for them to 770 

display their abilities. Other studies not based on habituation-familiarization procedures have 771 

uncovered different ways to discriminate languages at 4-5 months of age between 772 

monolinguals and bilinguals (Bosch & Sebastian-Galles, 1997; Nacar Garcia et al., 2018), but 773 

the existing data does not allow to adjudicate enhanced processing abilities in bilinguals 774 

(different, but not necessarily better or worse).  775 

Research on language processing before six months of age has primarily focused on the 776 

developmental changes of language discrimination abilities.  Linguistic rhythm has been 777 

investigated thoroughly, however a model of the interplay of the different types of linguistic 778 

information available seems to be lacking. To our knowledge, the only computational model 779 

on language discrimination for infants has been put forward by Carbajal, Radek, & Dupoux  780 

(2010). The model was made to resemble infants’ discrimination results. After brief exposure 781 

to French, the model was only able to perform between-class discrimination (French vs. 782 

English) and failed to perform within-class discrimination (Spanish vs. Catalan). Our results 783 

show that to understand how language discrimination abilities evolve in the first months of life 784 

information about distributional vocalic information must be included. 785 

Our proposal supports and extends Jacques Mehler and coworkers TIGRE proposal (In 786 

Mehler et al.'s (1996) words:  “TIGRE is a gridlike representation of vocalic nuclei in the 787 

speech signal” (p. 113). The grid would primarily represent sequential and timing information 788 

“each vowel receives an index indicating its duration and amplitude” (p. 113). TIGRE was not 789 
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designed to account for within-class language discrimination, as it was conceived “as a first-790 

order filtering device that sorts utterances into their adequate [rhythmic] classes” (p. 113). 791 

Mehler et al. (1996) declared that TIGRE could not account for within-class language 792 

discrimination in the first months of life. Our research complements Mehler et al., (1996) 793 

providing evidence that infants do not only represent timing information, but that already in 794 

the first months of life some representation of the distribution of vocalic sounds in the speech 795 

signal is established and that infants can use it to discriminate languages.  796 
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 1090 

Table S1. Eastern Catalan stimuli. 1091 

Eastern Catalan sentences 
Duration 

(ms) 

Number of 

syllables 

Van decidir caminar pel bosc en busca de la seva nova 

amiga. 

3714.00 20.00 

Allà al darrere hi havia tota una família de granotetes. 4766.00 21.00 

Quan estaven dormint el gosset va sentir un soroll. 3651.00 14.00 

Molt lentament, van anar apropant-se a un tronc que van 

veure. 

4260.00 17.00 

Van començar a córrer perquè estaven molt i molt asustats. 3381.00 16.00 

Al saltar-hi, va caure entremig de les dues banyes. 3773.00 15.00 

I va decidir que el millor seria tornar a casa amb ells. 3949.00 16.00 

El que no va veure és que hi havia un cérvol molt gran. 4261.00 16.00 

Tota la seva família es va quedar a sobre del tronc. 3172.00 17.00 

Quan anaven pel bosc van trobar un grup d'abelles. 3492.00 14.00 

Una nit d'estiu el nen i el gosset estaven molt contents. 4517.00 16.00 

I al veure una roca molt gran va decidir saltar-hi darrere. 3617.00 18.00 

 1092 

Table S2. Western Catalan stimuli. 1093 

Western Catalan sentences 
Duration 

(ms) 

Number of 

syllables 
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Van pensar que com més serien, més fàcil seria trobar la 

seua nova amiga. 

4508.00 24.00 

L'aigua estava molt gelada i (e )ls dos van començar a 

tremolar. 

3194.00 17.00 

I detrás hi havia tota una família de granotes. 4338.00 18.00 

Quan se va fer de nit, van decidir guardar-la dins d'un pot. 3417.00 16.00 

Tenien una nova amiga: una granoteta. 2894.00 15.00 

Van anar molt espai, poc a poc, apropant-se a l'arbre. 4477.00 15.00 

Lo que no va vore és que allí detrás hi havia un cérvol. 4302.00 18.00 

I van trobar un grup d'abelles que anaven volant pel cel. 3109.00 16.00 

Quan eren les dotze de la nit lo gosset va sentir un soroll 

molt fort. 

4597.00 19.00 

Una nit d'estiu un xiquet i l(o) seu gosset estaven molt 

contents. 

4516.00 18.00 

I van vore que no només estava la seua amiga. 3291.00 16.00 

Después de les abelles va aparèixer un mussol. 3312.00 13.00 

 1094 

Table S3. Spanish stimuli. 1095 

Spanish sentences 
Duration 

(ms) 

Number of 

syllables 

Pero por suerte, debajo de ese precipicio había un río. 4153.00 20.00 

Cuando estaban durmiendo la ranita decidió escapar. 3508.00 16.00 

Ella se puso muy contenta al verlos y empezó a saltar. 3498.00 16.00 
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Decidieron buscarle una casita y la pusieron dentro de un 

bote. 

3575.00 21.00 

El perrito cayó por la ventana y el niño decidió saltar. 3860.00 19.00 

Así que los dos, muy despacito, miraron detrás del tronco. 4056.00 18.00 

El niño al saltar detrás de la roca cayó en medio de esos 

cuernos. 

4446.00 19.00 

Estaban muy tristes porque ya no sabían qué hacer. 3146.00 15.00 

El ciervo también se asustó un montón y empezó a correr. 3738.00 15.00 

Las moscas empezaron a volar y ellos decidieron seguirlas. 3805.00 19.00 

Estaban muy ilusionados porque era una ranita. 3663.00 18.00 

Lo que no vio es que detrás de esa roca había un ciervo. 4209.00 17.00 

 1096 

Table S4. Acoustic properties of the sentences used in each language. The values are 

averages on the sentence level and standard deviation is parentheses. Two-sample t-tests 

were performed for sentences in Eastern and Western Catalan, Western Catalan and 

Spanish. 

 Eastern Catalan Western Catalan Spanish 

Duration (ms) 3879.4(481) 3829.5(670) 3804.7(363) 

# Syllables 16.6(2.1) 17(2.7) 17.7(1.9) 

Mean pitch (Hz) 220(9.8) 220.4(15) 217(12.7) 

Min pitch (Hz) 141.2(33.9) 133.1(33.5) 112.8(37.8) 

Max pitch (Hz) 342.3(72.7) 322.9(20.6) 345.5(76.8) 

Standard Deviation 

of pitch (Hz) 

41.56(6) 45.3(9.3) 45.5(8.2) 
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 1098 

Table S5. Percentages of the different length of content words in the stimuli. 

Language Eastern C. Western C. Spanish 

Monosyllabic (%) 28.6 30.3 15.1 

Disyllabic (%) 35.7 40.8 43.8 

Polysyllabic (%) 35.70 29 39.70 

 1099 

 1100 

 1101 

Table S6. Similar pattern of results as ours  1102 

Article Stimuli Same Switch 

Bosch & Sebastian-Galles, 

(2001) 

 

Natural 

Catalan vs. 

Spanish 

Spanish infants 8,416 

Catalan infants10,884 

12.235 

14.849 

Bosch & Sebastian-Galles, 

(1997) (latencies) 

Natural 

Catalan vs. 

Spanish 

Spanish infants 1164 

Catalan infants 1173 

1320 

1344 

                      Low-pass 

Catalan vs. 

Spanish 

Spanish infants 1301 

Catalan infants 1302 m 

1468 

1393 

Chong et al., (2018) Natural 

American 

English vs. 

German 

5mo 10.27 

7mo 8.02 

10.20 

9.65 

                            Low-pass 7mo 6.85 8.72 
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American 

English vs. 

German 

Johnson et al.,( 2003) Low-pass 

Dutch vs. 

English 

5mo 7.05 7.05 

 Low-pass 

Japanese vs. 

English 

5mo 6.73 8.06 

Nazzi et al., (2000) Natural 

British English 

vs. Dutch 

5mo 6.79 8.50 

 Natural 

British vs. 

American 

English 

5mo 7.03 7.97 

 1103 

Table S7. Results from the experiments conducted in this article. 1104 

Experiment Stimuli Same  Switch 

Eastern vs. Western 

Catalan 

Natural 13032 (SD=5909) 14887 (SD=5721) 

Spanish vs. Western 

Catalan 

Natural 13863 (SD=5547) 

 

15163 (SD=5597) 

Eastern vs. Western 

Catalan 

Low-pass 

filtered 

11329 (SD=5720) 11386 (SD=5835) 
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Spanish vs. Western 

Catalan 

Low-pass 

filtered 

11575 (SD=6667) 13036 (SD=6055) 

 1105 

1106 

 1107 

Figure S1. Examples of visual attractors presented during the experiments. 1108 
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1109 

Figure S2 Waveform and spectrogram of one of the natural sentences in Spanish. The pitch 1110 

contour is superimposed on the spectrogram. 1111 
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 1112 

Figure S3 Waveform and spectrogram of one of the low-pass filtered sentences in Spanish. 1113 

The pitch contour is superimposed on the spectrogram. 1114 

 1115 

Figure S4.  LED infra-red lights placed behind the 1116 

chair, where the participant and their caregiver were 1117 

sitting during the experiment. Each light bulb has a 1118 

different function. The first three (1,2,3) are for the 1119 

familiarization phase, the next three (4,5,6) are for the 1120 

test phase. The three light bulbs in each triad have the 1121 

same function: the first one is for when the visual 1122 

attractor was presented on the central screen, the 1123 

second is for when the visual attractor was presented in one of the two lateral monitors and the 1124 
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third for when there was auditory stimulus was playing. The last light (8) was feedback for 1125 

online coding, if the experimenter was pressing the key, then the light would go on. 1126 

 1127 

 1128 

 1129 

 1130 


