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This article studies the acoustic production of central Catalan rhotics in a
group of 90 boys and girls between the ages of five and seven, in medial and
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final coda. An acoustic description is provided based on an analysis of the

number and type of components of both the closing and opening phases.
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Based on combinations of different components, up to 78 different rhotic
types were detected. The results show that most rhotic sounds have one or
two components, and that rhotics with five or more components are almost
always at the end of a word. There is variability with respect to acoustic
properties, with a higher presence of vocalic components in the medial coda
and more fricative or occlusive components in the final coda.

1. Introduction
1.1. Acquisition processes and rhotics

In general, acoustic research has shown that,
compared to adult speech, children’s speech presents
a higher pitch, higher formant frequencies, longer
segment durations, and more spectral variability
(Eguchi and Hirsh, 1969; Kent, 1976; Kent and
Forner, 1980; Smith, 1978, 1992; Smith, Kenney and
Hussain, 1995; Hillenbrand et al., 1995). In some
cases, these differences continue well into
adolescence. For example, Lee, Potamianos and
Marayanan (1999) acoustically analysed some
American English segments and short sentences in
children and adolescents aged between five and 17
years old and found that some of the parameters
analysed, such as relative amplitude and duration,
converged with adult values at age 12, but other
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variables, such as fundamental frequency and
formant frequency variability, did not converge until
the participants were 14 or 15 years of age. With
respect to prosodic variables, Aoyama, Akbari and
Flege (2016) found that children’s speech (in
children aged seven to 14 years) was slower and
higher pitched when absolute values were compared,
but when they analysed the values proportionally
(i.e. by comparing semitones instead of hertz, or
based on rhythm), the productions were similar.

Detailed descriptions of the acoustic characteristics
of, firstly, parameters relating to the frequency,
amplitude and duration of individual sounds and,
secondly, prosodic parameters (intonation, rhythm,
etc.) are critical to understanding the chronology and
development of the organs involved in children’s
verbal production and motor control. A thorough
description should therefore make it possible to
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reproduce a precise vocal tract developing model at
different ages of verbal development. On a practical
level, this model would prove useful in various
applied linguistics fields. For example, in forensic
linguistics, it could be helpful in voice comparison
with child speakers or when determining an
unknown speaker’s age and sex from a recording; in
the field of automatic speech recognition, such
models are essential if the goal is to achieve levels
of success comparable to those of adult speech; and
in the field of speech synthesis, it could serve to
synthesize the voices of children of different ages
with greater accuracy. However, few acoustic
studies have focused on this age group, at least in
relation to Spanish and Catalan. Notable studies
relating to English have been conducted by Lee,
Potamianos and Narayanan (1999), McGrowan,
Nittrouer and Manning (2004), and Klein et al.
(2013), who all focused on this chronological stage
but did not compare the results with those of adult
speech. Only Dalston (1975) compared the spectral
structure and temporal variables of rhotics in word-
initial position in adults and children; in this case,
however, the children were three and four years old.

This lack of acoustic studies is due to the fact that
most focus on the phonological aspects of sound
system acquisition. These studies provide data to
suggest that initial acquisition of the phonological
system occurs at four years of age (Ingram, 1976;
Ingram et al., 1980; Oller, 1980; Stark, 1980;
Grunwell, 1981; Haelsig and Madison, 1986;
Vihman, 1996; Roberts, Burchinal and Footo, 1990,
among others). This can be partly explained by the
significant anatomical changes that occur in the first
few years of life, which, in terms of phonation, affect
primarily the morphology of the tongue, lips and
palate, thereby transforming the human resonating
chambers (Caplan, 1993). This is also the case with
Catalan: Bosch (1987), De Ribot (1992) and Llach
(2007) carried out naming or repetition tests to
analyse how phonological errors are distributed
between the ages of three and seven and how these
evolve during this period of development. In doing
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so, they were able to establish the order in which
individual sounds are acquired. For example, all
three authors agreed that the consonant sounds
acquired first (and which therefore present fewest
errors) are nasals, followed by glides, occlusives and
approximants. By contrast, the sounds that present
most errors are laterals, followed by trills and
fricatives (Llach, 2007: 142). Bosch (1987: 24)
found that, in Catalan, the trill sound is acquired by
more than 90% of children at age seven (palatal
laterals, voiced prepalatal affricates, voiced
fricatives and /s/ present similar or lower
percentages of correct production among children at
age seven; other sounds are produced without errors
before that age). Bosch (2004: 54) also showed, this
time in relation to Spanish, that the trill is the second-
most late-acquired sound (behind only the palatal
lateral); fewer than 50% of three-year olds produce
the sound correctly; by five years old, 70% can
pronounce it; at age six, 80% produce it correctly;
and, by age seven, 90% are able to produce the sound
correctly. Gomez-Ferndndez (2004) conducted a
study on children from Seville between the ages of
12 and 36 months and also found that rhotic
consonants rarely appear before the age of two. In a
comparative study on children with Spanish or
German as L1, Kehoe (2018) found that the alveolar
rhotic is acquired later in Spanish than in German (a
language in which the rhotic is an uvular
approximant). Other studies relating to Spanish have
described this trend and have detailed the
simplification processes that occur in rhotic sounds
(Melgar de Gonzélez, 1976; Miras Martinez, 1992;
Leon and Prinz, 1996; Goldstein and Cintron, 2001 ;
Vivar, 2009). With respect to English, a study by
Shriberg (1993) found that children present
articulatory problems with the approximant rhotic
sound up to the age of eight, difficulties that may still
be present as residual errors in adolescent speakers
(Preston and Edwards, 2007). Another series of
studies (Stemberger and Bernhardt, 2018; Masdéttir,
2018; Lundeborg Hammarstrom, 2018; Ramalho
and Freitas, 2018; Pérez et al., 2018; Ignatova et al.,
2018; Ozbi¢ et al., 2018; Tar, 2018; Bernhardt and
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Stemberger, 2018) have described the characteristics
of word-initial rhotic clusters in typical and
protracted phonological development in seven
languages with taps or trills: Icelandic, Swedish,
Portuguese, Spanish, Bulgarian, Slovenian and
Hungarian. These studies revealed that, during the
acquisition of these languages, rhotics usually
appear later than /lI/ (except in Portuguese) and that
the most common process in the early years is elision
of the rhotic sound. In later development, the most
common process is replacement with other, non-
nasal sonorants that share the place and manner of
articulation with the substituted segment. Another
phenomenon observed in all seven languages is
vowel epenthesis.

The delayed acquisition of rhotic sounds is related to
articulatory difficulties. An ultrasound study carried
out by Boyce, Hamilton and Rivera-Campos (2016)
with speakers of English, Malayalam, French,
Persian and Spanish provided data to suggest that an
articulatory characteristic shared by all rhotic sounds
is a secondary articulation involving a constrictive
tongue root gesture towards the back pharyngeal
wall, and that maintenance of this double articulation
(i.e. the blade or dorsum on the one hand and the root
on the other) constitutes an articulatory difficulty
that is observed in the acquisition stages of several
languages. This phonetic phenomenon unites these
sounds, which have traditionally been regarded as a
natural class based more on phonological evidence
than on phonetic evidence (Ladefoged, 2005).
According to this study, therefore, this phonetic
quirk, which had already been described by Lindau
(1985) and Catford (1986), unifies the variability of
rhotics as a natural class of sounds, and also helps
explain the articulatory difficulties observed in such
sounds during typical development in many
languages.

1.2. The rhotics of Catalan

Catalan has two rhotic phonemes: /r/ and /t/. The
former, called a tap, involves brief contact of the tip
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of the tongue against the alveolar ridge; the latter, a
trill, is the result of a series of rapid contacts. The
two rhotics are apicoalveolar, although they present
differences with respect to the point of articulation:

While the dorsum is not directly involved in
production of taps, production of trills
involves some lowering of the predorsum and
retraction of the postdorsum and, therefore, a
constrained dorsal configuration that is
resistant to coarticulatory effects. In syllable-
final position, these tongue configuration
characteristics may help distinguish between
the two types of rhotic consonant to a greater
extent than the number of apicoalveolar
contacts. (Recasens, 2014: 216, our
translation).

From an acoustic point of view, accurate trill
pronunciations present F1 values of between 350 and
600 Hz, F2 values of between 1000 Hz and 1600 Hz
and F3 values of between 2000 and 2600 Hz; and in
the case of taps, F1 values of between 200 and 600
Hz, F2 values of between 1000 and 1600 Hz and F3
values of between 2100 and 2600 Hz (Recasens,
1986). In terms of sonority, they can be both voiced
and voiceless, with complete or partial sonority,
depending on the context (Recasens, 1996: 325).

This work followed the classification proposed by
Blecua (2001) and Blecua and Cicres (2019) used to
analyse trills in Spanish. It consisted of determining
the number of “components” of the rhotic (in other
words, the number of closing and opening phases),
as well as the main acoustic traits. Based on the
number of components, therefore, four different
rhotic types can be described: trills, which consist of
three or more components, with alternating closing
and opening phases (Figure 1); those formed by two
components, i.e. a closing phase followed by an
opening phase (Figure 2); those formed by a single
component, which corresponds to a closing phase
(Figure 3); and elisions. Blecua and Cicres (2019)
analysed data on adult spontaneous speech in
relation to the Spanish spoken in Madrid and
Salamanca in implosive position and found that
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more than half the realizations were formed by two
components (53.3%), while the second-largest group
(30.6%) corresponded to single-component rhotics;
cases of elisions (9.4%) and trills (6.7%) were
clearly in the minority and, in the case of the latter,
were found mainly in prepausal position. The
literature also shows that the rate of speech affects
rhotic realizations (Recasens, 2014) and that, more

specifically, the more spontaneous the speech, the
more likely it is to contain simpler rhotics (i.e. those
with fewer components); for example, a study by
Blecua (2001), which was based on a corpus of
paragraph readings, found fewer elisions (0.3%) and
more trills (13.5%) than a study by Blecua and
Cicres (2019), which was based on a corpus of
spontaneous speech.
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Figure 1. Oscillogram and spectrogram corresponding to the word martell (“hammer”) produced by a six-
year-old boy. The rhotic sound, a trill, is made up of four components.
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Figure 2. Oscillogram and spectrogram corresponding to the word corda (“string”) produced by a five-year-
old boy. The rhotic sound is made up of two components.
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Figure 3. Oscillogram and spectrogram corresponding to the word martell (“hammer”) produced by a six-
year-old boy. The rhotic sound consists of a single component.

With respect to the acoustic properties of
components, Blecua and Cicres (2019) described
four types: occlusive, fricative, approximant and
vocalic (see examples in figures 4-11, section 3). In
this regard, the authors considered the vocalic
element (also known as a “svarabhakti” vowel) to
form part of the rhotic sound as an opening phase.
The combination of different numbers of closing and
opening phases with the different acoustic traits
presented by the components results in a high
number of possible realizations. With respect to
Spanish rhotics in implosive position, with adult
spontaneous speech, Blecua and Cicres (2019: 32)
identified around 20 possibilities. The most common
were realizations consisting of two components (an
initial occlusive or approximant phase, followed by
a vocalic element; or an initial occlusive component
followed by a fricative phase) and those consisting
of one component (approximant, occlusive or
fricative).!

As we have seen, there is wide variation in the
production of rhotic sounds, especially in
preconsonantal and prepausal position. This
variation is attributed to stylistic, dialectal and

! Regarding rhotics with a single fricative component, Cicres and
Blecua (2015) carried out an acoustic comparison of the sound (centre
of gravity, standard deviation, skewness and kurtosis) with the sound
of fricatives /s/ in prepausal position. They observed significant
differences among all variables: the fricative consonants /s/ had higher
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individual (or idiolectal) factors, in addition to the
phonetic context in which the rhotic segment occurs.

First, with respect to stylistic factors, trills have been
observed as having more components in controlled
speech (which is usually slower and more careful)
than in spontaneous speech (see, for example,
Recasens, 2014, in relation to Catalan, and Martinez
Celdran, 1984, and Blecua and Cicres, 2019, in
relation to Spanish).

Second, with regard to dialectal variation, the
preconsonantal rhotic generally has a single brief
contact in Mallorcan and Valencian (shorter in
Valencian than in Mallorcan). In the case of central
Catalan, it has one contact, and less frequently, two
contacts that last longer than in other dialects. The
type of realization, however, also depends on the
characteristics of the following consonant. Other
articulatory and acoustic differences occur in
dialects, which generally point to more open
articulation in Valencian and more retraction and
constriction in central Catalan. Therefore, the
differences lie not only in the number of contacts,
but also in the overall articulatory gesture. With
respect to the prepausal rhotic, this has a single

mean values for centre of gravity, standard deviation and duration than
those of the fricative components of rhotics; by contrast, skewness and
kurtosis presented lower values.
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contact and a long vocalic explosion before a pause
in Valencian. In central Catalan, realization of the
prepausal rhotic can be considered longer and
stronger than that of Valencian, because it can be
articulated with one or more contacts, it can be
voiced or voiceless, it is primarily posterior (in terms
of both alveolar constriction and dorsopalatal
contact), has a low F2, and presents no vocalic
explosion. In the Mallorcan dialect, there is
phonological opposition between the two rhotics
through differences in duration. There are also
differences in the manner of articulation and formant
frequency; on the other hand, both rhotics tend to be
voiceless.

Another feature of the central dialect is the frequent
insertion of epenthetic vowels, or postconsonantal
epitheses that reinforce the prepausal rhotic (Bernat
Baltrons, 1991; Fernandez Planas, 1993).
Roussillonese and the Catalan spoken in Soéller are
also worth mentioning. With respect to northern
Catalonia, Recasens (1996: 325) observed that
interference from the French language caused taps
and trills to be replaced by postdorsal-uvular trills,
fricatives or approximants ([R] o [¥]); in relation to
the Catalan spoken in Soller, Llompart (2013)
described the “French r”” of these Mallorcan people,
similar to the uvular fricative found in French, and
attributed it to the return of numerous migrants who
had settled in the south of France in the second half
of the 19th century and early 20th century.

Finally, few studies have examined speaker-related
variation; we know only of a study by Blecua, Cicres
and Gil (2014), who detected significant differences
in prepausal rhotics, in terms of both the number of
components and the type of first and second
components. However, this was based on adult
speakers of Spanish.

The main objective of this study is therefore to carry
out an acoustic analysis of rhotic sounds in the
Catalan spoken in central Catalonia in coda position,
with respect to children’s speech, in accordance with
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the methodology applied by Blecua (2001) to
Spanish, i.e. by analysing the number and type of
components. Three independent variables were
considered: position in the word (word-final or
word-medial coda position), sex and age.

2. Methodology
2.1. Corpus

This study was based on a sample from a corpus of
words used for a naming test (used in Llach, 2007).
The participants were 90 children aged between five
and seven, divided into three groups of 30 (15 boys
and 15 girls) according to their chronological age
(from five years to five years and 11 months; from
six years to six years and 11 months; and from seven
years to seven years and 11 months). All the children
lived in Hostalric or Arbucies (in the comarca of La
Selva) and fulfilled two requirements: first, that
Catalan was their home language (that is, they spoke
it with their parents); and, second, that they
presented typical overall development. Therefore,
children who presented disabilities related to the
organs involved in speech production or reception
(orofacial structures and hearing) or language
difficulties (whether or not they were receiving
speech therapy) were excluded from the study.

The evaluator then read part of a sentence, which the
participant had to complete by saying the target word
only, with the aid of an image. For example, to
encourage the participant to say the word martell
(“hammer”), the evaluator held up an image of this
tool and said “To knock a nail into a wall, we use
a...”. The participant had to complete the sentence by
saying the target word only. This ensured that the
words were pronounced in isolation and that no
coarticulatory effects occurred. A single sample of
each word was obtained.

Recording was done with a unidirectional Shure
515SD microphone connected to an external sound
card, with a sampling frequency of 22 kHz and 16-
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bit resolution. The test was administered in a quiet
but non-soundproofed room.

The rhotic phonemes under study were those that
appear in the words mar (“sea”), cor (“heart”), corda
(“string”) and martell (“hammer”). In all four words,
the rhotic phoneme is in implosive position; in two
cases, it is in prepausal position, and in the other two,
it is followed by a coronal consonant (such that the
point of articulation is similar in both cases). It has
been shown that the difference in the approximant
and occlusive manners of articulation of posterior
consonants does not cause significant changes to the
properties of the anterior rhotic sound, at least with
respect to central peninsular Spanish, since both
manners favour two-component rhotics (Blecua and
Cicres, 2019: 35-36). This same study also found
that the sonority of the posterior consonant does not
have any significant effect on the rhotic. The timbre

of the anterior vowel was also controlled; as per
Gibson (2015), there are similarities in the
articulatory configuration of trills and low and mid-
low vowels. Thus, the three vowels preceding the
rhotic ([a], [9] and [0]) should marginally favour
trills (i.e. rhotics with three or more components).

The corpus under analysis consisted of 360 words,
distributed equally according to the age and sex of
the participants (Table 1). The original corpus
contained more recordings per age group, but only
the samples in which the participants actually said
the word were chosen (until all 360 words that made
up the final corpus were included); therefore,
samples were discarded whenever the children did
not say the word (because they did not know it or
said a synonym instead) or introduced variations.

5
/'kor/ 30
/'kar.0a/ 30
/'mar/ 30
/mar.'teA/ 30
Total 120

6 7
30 30
30 30
30 30
30 30
120 120

Table 1. Number of words

2.2. Method

To carry out an acoustic description of the various
components, the methodology proposed by Blecua
and Cicres was followed (2019: 24-25), based on
analysis of the oscillogram and spectrogram.
Version 6.1.07 of the Praat program (Boersma and
Weenink, 2019) was used for the acoustic analysis.

in the corpus, according to age.

195

Table 2 shows the criteria used to determine the
characteristics of the various components. It should
be noted that both vocalic and approximant
components have the same combination of acoustic
characteristics, so they were labelled depending on
their position in a closing phase (approximant) or
opening phase (vocalic), in accordance with the
criteria used by Blecua and Cicres (2019: 25).
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Defined N01'se at OCClllS'IOIl (with High number of zero-
high or without a AP
formants . crossings
frequencies | release burst)
Vocalic Yes No No No
Component | Approximant Yes No No No
type Fricative No Yes No Yes
Occlusive No No Yes No

Table 2. Acoustic characteristics used to determine component types.

Once the number and characteristics of each
component had been identified, the data were
analysed by means of contingency tables. The data
in these tables were arranged in rows and columns
(to represent the different study variables: number of
components, component types, age and sex of the
participants and position of the rhotic sound in the
word), such that each field contained the number of
cases of each combination of variables (for example,
component types according to the sex of the
participants, or the number of components according
to the position of the rhotic in the word). In addition,
these tables also presented the number of cases that
would be expected if the crossed variables were
independent. Pearson’s chi-squared test was used to
analyse the discrepancy between the observed and
expected frequencies. Finally, the contingency tables
reflected the corrected typified residuals; in other
words, the difference between the observed and
expected frequency in each field of the contingency
table, but corrected so that they had zero mean and
standard deviation 1. In line with Pardo and Ruiz
(2002: 250), a 95% confidence level was used, so
that corrected typified residual values greater than
1.96 or lower than -1.96 indicated significant
differences.

3. Results and discussion
3.1. Number of components

Most rhotic realizations in syllable coda position
were made up of one (19.2%) or two components
(45.8%). Trill realizations (consisting of three or
more components, i.e. with at least two closing
phases separated by an opening phase) made up the
remaining 35%. More than half this group
corresponded to realizations with three or four
components (11.4% and 8.6%, respectively). The
remaining realizations (15%) had five or more
components. Examples of realizations with as many
as 14 components were observed, although the
number was negligible (Table 3). Finally, no cases
of elision were detected.

The position of the rhotic in the word (syllable coda
in word-initial or word-final position) had a
significant effect on the number of components
(Pearson’s chi-square = 60.625, significance level
<0.001). Thus, there were almost twice as many
cases of rhotics with two components in word-
medial position than in word-final position (60.6%
and 31.1%, respectively). Similarly, rhotics with five
or more components were almost always found in
word-final position (Table 3).

2 A zero-crossing is the point at which a continuous signal (which can be observed in an oscillogram) has a value of zero; in other
words, when the signal changes value from positive to negative, or vice versa. The number of zero-crossings is associated with the
noise level in the acoustic signal (thus, it is a variable used to describe fricatives and other sounds).
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Number of components
1 2 3 4 | S|6 | 789 101114
/r#/ (N) 42 156 | 17 |16 (16 ]10] 9 |9 1 |2 |1 1
# (%) 1233 |31.1 94 8989 56| 5 |5/06]|1.1/0.6]0.6
MC/(N) | 26 | 109 25 |15] 1 |3 ] 1[0/, 0] 0]07]0O0
r.C/ (%) | 144]160.6139[83/06]1.7]/06]0] 0 | O] 0| O

Table 3. Number and percentage of realizations according to position in the word and number of
components.

Number of components
1 ) 3 4 5 6 7 8 9 10 11 14
r#/ 2.3 -5.6 -1.5 | 0.2 3.7 2.0 2.6 3.0 1.0 1.4 1.0 1.0
/r.C/ -2.3 5.6 1.5 |-02] -3.7 -2.0 -2.6 -3.0 -1.0 -1.4 -1.0 -1.0

Table 4. Contingency table on the number of components depending on the position of the rhotic in the
word. The fields reflect the corrected typified residuals; statistically significant values are highlighted in
bold.

The contingency table that analyses the relationship
between the number of components and the position
of the rhotic sound in the word (Table 4) shows, first,
that there were significantly fewer cases of two-
component realizations in word-final position than
expected (with respect to those in word-medial
position) and, second, that there was a higher rate of
both single-component rhotics and trill rhotics (with
between five and eight components); due to the low
number of total realizations, the differences in
rhotics with more than eight components were non-
significant, although they appeared only in word-
final position.

This apparent contradiction observed in prepausal
position (i.e. that there were significantly more
single-component rhotics, but also more trills with
more than five components) can be explained by the
fact that, although the intensity and general
articulatory tension in this position generally
decrease with respect to other positions, the type of
test administered caused some participants to
pronounce words in an emphatic manner. In
addition, it is important to consider speaker variation
(see, for example, Blecua, Cicres and Gil, 2014)
caused by the individual articulatory preferences of
speakers who favour different types of realizations.
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Finally, in terms of the number of components, the
statistical tests did not show significant differences,
even with respect to the participants’ sex (Pearson’s
chi-square = 11.512, significance level = 0.401) and
age (Pearson’s chi-square = 31.025, significance
level = 0.096).

The results obtained in this study on children’s
speech were broadly in line with the findings of other
studies based on corpora of non-spontaneous adult
speech, with respect to the number of components.
For example, with regard to central Catalan,
Recasens (2014) found that the most common
realizations in preconsonantal position had one
contact (and, therefore, one or two components,
depending on whether an opening phase was
observed) and, to a lesser extent, two contacts; by
contrast, trills with two or more contacts increased in
word-final position. Similarly, a study by Blecua
(2001), based on a corpus of paragraph readings,
also found that the most common realizations had
one or two components (one contact) and also failed
to detect elisions. However, the results were slightly
different when compared to studies on spontaneous
speech. For example, a study by Blecua and Cicres
(2019), which focused on Spanish, observed elisions
(9.4%) and fewer trills than this study on children’s
speech. It is clear, therefore, that the degree of
spontaneity has an effect on the number of
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components; the more spontaneous the speech, the
more likely it is to present simpler realizations (with
fewer components) and even elisions. However,
with corpora of readings or word naming, elisions
are not observed and more cases of trills (with three
or more components) are detected.

3.2. Component types

The results broken down by component type are
presented below. To simplify the presentation of the

results, we chose to limit the analysis to
configurations that represented more than 1% of
cases (Table 5). Although 78 different rhotic types
were identified in the entire corpus (in view of the
various combinations of occlusive, fricative,
approximant and vocalic components), only 14
combinations exceeded the 1% threshold. Together,
these accounted for 75% of the rhotic realizations.
Figures 4 to 11 are examples of the rhotics that
appeared most frequently in the corpus (more than
10 realizations).

Configurations (components) Frequency | Percentage
Occlusive—vocalic element (OV) 56 15.6
Approximant—vocalic element (AV) 52 14.4
Fricative (F) 37 10.3
Approximant—fricative (AF) 28 7.8
Approximant (A) 27 7.5
Occlusive—fricative (OF) 21 5.8
Approximant—vocalic element—approximant (AVA) 12 33
Approximant—vocalic element—fricative (AVF) 7 1.9
Occlusive—vocalic element—approximant (OVA) 6 1.7
Approximant—fricative—approximant—fricative (AFAF) 5 1.4
Approximant—vocalic element—approximant—vocalic element (AVAYV) 5 1.4
Fricative—vocalic element (FV) 5 1.4
Approximant—occlusive—fricative (AOF) 4 1.1
Occlusive—fricative—approximant (OFA) 4 1.1
Total 269 75

Table 5. Rhotic configuration types according to the number and type of components with a percentage of

occurrence in the corpus greater than 1%.
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Figure 4. Oscillogram and spectrogram corresponding to the word martell (“hammer”) produced by a six-
year-old boy. The rhotic sound is made up of two components (occlusive and vocalic).
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Figure 5. Oscillogram and spectrogram corresponding to the word corda (“string”) produced by a five-year-
old boy. The rhotic sound is made up of two components (approximant and vocalic).
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Figure 6. Oscillogram and spectrogram corresponding to the word cor (“heart”) produced by a five-year-old
boy. The rhotic sound consists of a single fricative component.
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Figure 7. Oscillogram and spectrogram corresponding to the word mar (“sea”) produced by a five-year-old
boy. The rhotic sound is made up of two components (approximant and fricative).
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Figure 8. Oscillogram and spectrogram corresponding to the word martell (“hammer”) produced by a five-
year-old boy. The rhotic sound consists of a single approximant component.
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Figure 9. Oscillogram and spectrogram corresponding to the word martell (“hammer”) produced by a five-
year-old boy. The rhotic sound is made up of two components (occlusive and fricative).
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Figure 10. Oscillogram and spectrogram corresponding to the word martell (“hammer”) produced by a five-
year-old boy. The rhotic sound is made up of three components (approximant, vocalic and approximant).

Nonetheless, it is important to note that other, more
complex combinations of components were
observed, albeit to a negligible degree. As an
example, Figure 11 illustrates an eight-component
rhotic. If we focus only on the most common rhotic
types (as shown in Table 5), it is clear that the

position of the rhotic in the word (prepausal or
implosive before a heterosyllabic consonant)
influences the combination of components
(Pearson’s chi-square = 97.933; significance level
<0.001), as illustrated in the graph (Figure 12).
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Figure 11. Oscillogram and spectrogram corresponding to the word cor (“heart”) produced by a six-year-old
boy. The rhotic sound is made up of eight components that alternate between occlusive and fricative
segments.
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Rhotic configurations

Position in the word
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Figure 12. Distribution of rhotic configurations according to word-medial or word-final position.

Six rhotic types were found in word-medial position
in more than half of cases. These were the following

combinations: occlusive—vocalic clement;
approximant—vocalic element; approximant;
approximant—vocalic element—approximant;
approximant—vocalic ~ element-  approximant—
vocalic element; and  occlusive—fricative—

approximant. The implosive position before a
heterosyllabic consonant, therefore, usually (though
not categorically) favours components with a higher
degree of sonority (vocalic elements and
approximants); by contrast, rhotic combinations
with fricative or occlusive components (with a lower
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degree of sonority) are more common in prepausal
position.

It should be noted, however, that differences in the
distribution of each rhotic type were not always
significant. Table 6 shows the contingency table
with the corrected typified residuals of the various
rhotic types in relation to prepausal or word-medial
position. It shows that significant differences
occurred in just nine cases. A positive or negative
sign indicates a significantly higher or lower
presence than would be expected if the contrasted
variables were independent.
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A AF AFAF AOF AV AVA AVAV
Syllable coda in
word-final -0.1 3.1 2.6 2.3 -5.8 -2.5 -2
position
Syllable coda in
word-medial 0.1 -3.1 -2.6 -2.3 5.8 2.5 2
position
AVF F FV OF OFA ov OVA
Syllable coda in
word-final 1.5 4.9 1.7 2.2 -0.8 -3.2 1.1
position
Syllable coda in
word-medial -1.5 -4.9 -1.7 -2.2 0.8 3.2 -1.1
position

Table 6. Contingency table on the structure of rhotic components according to the position of the rhotic in the
word. The fields reflect the corrected typified residuals; statistically significant values are highlighted in bold.

This table reveals that only the component
combinations approximant—vocalic; approximant—
vocalic—approximant; approximant—vocalic—
approximant—vocalic; and  occlusive—vocalic
presented more cases than expected when the
syllable coda was in word-medial position. A feature
shared by all these combinations was a vocalic
component in second position (typically an opening
phase). This vocalic component, which has a
formant structure but is shorter and less intense than
avowel, is known as a “svarabhakti” vowel (it is also
referred to an “intrusive” or “epenthetic” vowel in
the literature). The frequency of formants is similar
to that of adjacent vowels, but because it does not
correspond to a phoneme, it is not perceived by
speakers. In fact, the combination of an obstructive
phase (either a complete occlusion or a fricative or
approximant element) and an opening phase (this
svarabhakti element) is considered to be the most
common canonical realization (Blecua, 2001;
Hualde, 2005; Martinez Celdran and Fernandez
Planas, 2007). As shown in Table 5, these canonical
realizations were also the most common in a
controlled corpus of children’s speech, although
many other component combinations appeared.
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On the other hand, rhotics with a single fricative
component or a combination of approximant—
fricative, occlusive—fricative, approximant—
fricative—approximant—fricative or approximant—
occlusive—fricative components presented
significantly more realizations in prepausal position,
at the end of a word. None of these cases presented
a vocalic element (or svarabhakti vowel), but lower-
sonority segments (mainly fricatives and occlusives)
occurred more frequently. In fact, if the rhotic
consists of only one component in word-final
position, it is more likely to be fricative. In this
regard, Recasens (2014) observed fricative rhotics in
word-final position in central Catalan. This result is
also similar to the findings of Blecua and Cicres
(2019: 38) in relation to Spanish and adult
spontaneous speech.

Thus, with respect to opening phases (that is, phases
corresponding to the components that appear in
positions two, four, six, etc.), fricative realizations
are most common before a pause, while vocalic
realizations predominate in preconsonantal position
(again, the data are consistent with the findings of
Blecua and Cicres, 2019: 42-43). However, these
fricative rhotics present significant acoustic
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differences with respect to fricative phoneme
realizations (see note 1).

By contrast, the statistical tests showed that neither
the sex variable (Pearson’s chi-square = 20.355;
significance level = 0.087) nor the age variable
(Pearson’s chi-square = 17.911; significance level =
0.879) significantly influenced the occurrence of
certain configurations over others.

4. Conclusions

This study, which focused on children’s speech after
initial acquisition of the phonological system (from
age five), demonstrated considerable diversity in the
production of rhotic sounds, in both preconsonantal
and prepausal positions. This diversity was evident
in terms of both the number of components (in the
case of slow, controlled speech, no cases of elision
were observed, but rhotics consisting of between one
and 14 components were detected) and combinations
of components. However, the majority of the most
common combinations (occlusive—vocalic element;

approximant—vocalic element; fricative;
approximant—fricative; approximant; occlusive—
fricative; approximant—vocalic element—
approximant; occlusive—vocalic element—

approximant, etc.) have also been documented in
other studies on adult speech. Nonetheless, some
combinations (such as approximant—fricative—
approximant—fricative and approximant—occlusive—
fricative) have been described here for the first time.
In addition, other combinations that were much more
complex but occurred to a much lesser extent were
observed.

In general terms, however, some recurring patterns
were detected. First, we observed how
preconsonantal position (in medial coda) favours the
appearance of svarabhakti vowels, while rhotics with
a vocalic element appear significantly less often in
prepausal position. Second, the degree of sonority of
components is also influenced by the position of the
rhotic in the phonic sequence: occlusive and fricative
components (with a low degree of sonority) are more
common in word-final position, while vocalic
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elements and approximants (components with a
higher degree of sonority) are more common in
word-medial position.

Finally, despite the fact that the experiment involved
a highly controlled speech model (since it consisted
of a picture-naming test, in which participants said
only the target words), the data indicate that rhotic
productions in children between the ages of five and
seven are already comparable to those of adult
speakers, although the children presented much
greater variability, probably as a result of the type of
test administered and their immature motor control.
Therefore, more studies are needed to carry out a
more direct comparison, either with corpora of
spontaneous children’s speech or with corpora of
controlled adult speech, under similar conditions and
with a similar number of participants.
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