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Abstract
A crosslinguistic study is underway concerning children’s protracted phonological development
(i.e. speech sound disorders). The current article reports pilot Spanish data for this study from two
4-year-old boys with protracted phonological development. The purposes of the pilot study were to:
(1) develop and evaluate a word list for elicitation that could be used across Spanish dialects and that
sufficiently sampled Spanish word lengths, stress patterns, word shapes and phonemes; and (2) to derive
hypotheses for the larger study, based on patterns found in these children’s speech, and a review of the
literature. The two speakers showed some developmental patterns reported for other languages
(e.g. constraints on production of liquids and word-initial consonants in unstressed syllables) but also
patterns that may reflect Spanish phonological inventories, allophony and frequencies. These data
helped consolidate the Spanish word list for elicitation and led to questions for the ongoing study
concerning word structure, multisyllabic words, liquids, fricatives and vowel sequences.
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Introduction

The current article provides preliminary Spanish data for a crosslinguistic study concerning
children’s protracted phonological development (PPD1) in at least 10 languages. For the
larger study, Spanish data will be collected in Granada, Spain (Andalusian dialect) and
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Mexico City. The current article reports pilot data from Mexican and Argentinian-born
4-year-old boys with PPD. The purposes of the current study were to (1) evaluate a word
list for elicitation that could apply across Spanish dialects and sufficiently sample Spanish
word lengths, stress patterns, word shapes and phonemes; and (2) to derive hypotheses for the
larger study, based on patterns found in the children’s speech, and a review of the literature.
The introduction below provides a background on Spanish phonology – calling attention to
the dialect regions for our larger study: Argentinian, Mexican and Andalusian, the develop-
ment of the word list for elicitation and previous research on Spanish acquisition.

Consonant inventory of Spanish

Because the word list for elicitation was designed to account for both Granada Spanish and
Spanish of the Americas (primarily Mexican), we note dialectal differences throughout the
following sections. Table I shows the Spanish consonant inventory. By manner, Spanish has
stops, nasals, fricatives, affricate(s), liquids and glides; by place, labials, dentoalveolars,
palatoalveolars, palatals and velars; and by voicing, both voiced and voiceless obstruents.

Many sound classes show allophonic variation. Voiced stops undergo lenition between
vowels both within and between words, fluctuating between fricatives and approximant-like
elements (Quilis, 1981; Martínez Celdrán and Fernández, 2007): /b, d, ɡ/! [β, ð, ɣ]/V_V.

Fricatives and affricates also show variation by word position and across variants. The
orthographic coda ‘s’may be produced as an aspirate [h] in Argentina, Mexico and Granada
or may even be deleted in Granada. In Granada, there is also considerable across-speaker
variability concerning the use of [s] versus [θ] in words spelled with ‘z’ before ‘a, e or o’ and ‘c’
before ‘e’ or ‘i’ (Moya and García, 1995). The fricative /x/ may be pronounced as [h] in
Granada, Mexico and Argentina or deleted word finally in Mexico and Granada (Alvar,
2009). In Mexico and Granada, /ʝ/ (orthographically ll or y) is realized as [dʒ] in initial
position or after nasals (e.g. llanta /ˈdʒan.ta/ ‘tire’; cónyuge /ˈkon.dʒu.xe/ ‘spouse’; Alarcos,
1974; Quilis, 1981). Elsewhere, there is fluctuation between [ʝ] and [j]. In Argentina, the
orthographic ll and y are pronounced as [ʒ] (Aleza and Enguita, 2002), with some dialectal
variants showing [ʃ]. The medial affricate /tʃ/ may be pronounced as /ʃ/ in northern Mexico
and Granada (Moya and García, 1998).

Within sonorants, nasals assimilate to the place of articulation of the following consonant
(e.g. [eɱ.ˈfeɾmo] ‘sick’, [ˈaŋ.kla] ‘anchor’). In addition, in Granada, as in much of Spain, the
orthographic <n> is often pronounced [ŋ], especially in coda position (Quilis, 1993).

Table I. Spanish consonant inventory.

Bilabial Labiodental Dento-alveolar Palato-alveolar Palatal Velar {Glottal}

Stop p b t d k ɡ
Nasal m n ɲ
Trill r
Tap ɾ
Fricative f (θ) s (ʃ) (ʒ ) ʝ {x/h}
Affricate ʧ
Approximant j w
Lateral approximant l (ʎ)a

Note: aThis phoneme /ʎ/ is contrastive only in some regions of Spain (North) and the Americas (Bolivia). In the rest of
the dialects /ʎ/ is neutralized into /ʝ/ (phenomenon called yeísmo).
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Concerning liquids, in Granada Spanish /r/-/ɾ/-/l/ may interchange medially and /r/ or /ɾ/ may
be deleted syllable finally (Narbona, Cano, and Morillo, 1998; Jiménez Fernández, 1999;
Mondéjar and Carrasco, 2001).

Vowels of Spanish

Spanish is generally described as having a five-vowel system /a, e, i, o, u/ (Alarcos, 1974, 1991;
Navarro, 1977; Hualde, 2005). In addition, there are falling diphthongs /ai, au, ei, eu, oi, ou/
and rising diphthongs /ia, ie, io, iu, ua, ue, ui, uo/. (Here we follow Harris (1983), who treats /
u/ and its derived [w] as rime constituents.) Vowel sequences also occur across syllable
boundaries (e.g. /e.a/ as in chimenea /tʃi.me.ˈne.a/ ‘chimney’; /e.o/ as in leona /le.ˈo.na/ ‘lion
(fem.)’; /i.a/ as in día /ˈdi.a/ ‘day’, etc.).2

Syllable and word structures of Spanish

By word length, disyllabic words are the most frequent content words in Spanish, with multi-
syllabic words also fairly frequent.Monosyllabic content words are infrequent. Stress can be on
any syllable in Spanish, although most disyllabic words have trochaic stress (left-prominent,
stressed-unstressed or strong-weak, Sw).Words with final consonants form the pattern (w)wS,
whichcouldbeconsidered iambic (right-prominent)under a syllabicanalysis.However, another
account (Lipski, 1997) considers stress to be predominantly trochaic for the language. In this
proposal, word-final consonants aremoraic (timing units) and therefore affect stress. If stress is
determined from the right edge of a word, and the first syllable at the right has a final consonant,
then thatword has trochaic-moraic stress.This account alsowould consider stress patterns such
as w(w)Sw to be trochaic, with the first two syllables added on to the primary trochaic (Sw) foot
(for more discussion on stress, seeHarris (1983); Roca (1989)).

Spanish is considered to be a syllable-timed language, with a similar amount of time
between syllables and vowels and no vowel reduction in the unstressed syllable (Auer,
1991; Laver, 1994). Spanish has word-initial and -medial consonant sequences (two con-
sonants maximum). Syllable-initial obstruent-liquid clusters include /pl/, /bl/, /tl/,3 /kl/, /gl/,
/fl/, /pɾ/, /bɾ/, /tɾ/, /dɾ/, /kɾ/, /gɾ/ and /fɾ/ (D’introno, del Teso, and Weston, 1995; cf. Harris,
1983). Coda consonants are limited to coronals {d/ð}, {n /ŋ}, /l/, /ɾ/ and /s/ and dorsal /x/;
some variants (e.g. Granada Spanish) have fewer than others (see note above on /x/ and /s/).
Spanish word-final clusters rarely include two consonants, namely a consonant followed by
/s/ (Núñez-Cedeño, 2000). Heterosyllabic consonant sequences occur with sonorants, for
example, /mp/, /mb(ɾ)/, /nt/, /nd/, /n{θ/s}/, /ŋk/, /lt/, /ɾt/, /ɾk/, /ɾn/, /ɾð/ and fricatives /{s/h}t/,
/{s/h}p/, /{s/h}k/ (Núñez-Cedeño, 2000).

Acquisition of Spanish

A brief discussion of Spanish phonological acquisition follows. Singleton vowels appeared to
be acquired by age 2 (Maez, 1985; Goldstein and Pollock, 2000; Kehoe, 2002), but informa-
tion on diphthongs is limited (Lleó and Prinz, 1996).

Early studies concerning Spanish consonant acquisition include Montes Giraldo (1970,
1971) and Macken (1978, 1979).4 The former describes productions of Colombian children
from early words to age 3 years (two children) and 5 years (two children). Key findings were a
high frequency of labial consonants in early words and late acquisition of the tap and trill
(age 5). Macken (1978, 1979) describes the early acquisition of Spanish by two California-
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based Mexican children, J and Si. By age 1;9, J produced all voiceless stops, nasals /m n/,
glides /w j/ and /h/, with fricatives /f s x/ and affricate /tʃ/ emerging. Si’s consonant inventory at
age 1;7 comprised stops /p t/, nasals /m n/ and glides /w j/. The /k/ emerged at 1;9, /tʃ/ at 1;10,
/l/ and /ɲ/ at 1;11, /s/ at 2;0 and /f/ at 2;1.

Concerning manner of articulation, early acquisition of stops and nasals, and later acquisi-
tion of fricatives and liquids have been noted (González, 1981; Anderson and Smith, 1987;
Goldstein and Cintrón, 2001; Goldstein, 2007). Lleó (2008) points out, however, that there
may not be a developmental precedence of stops over fricatives/continuants in Spanish
because both manners of articulation tend to be acquired at about the same time. This is
likely related to the allophonic variation of voiced stops described above. (See also Eblen
(1982) concerning Mexican fricative development.)

The liquid /l/ generally is acquired relatively early compared with the rhotics. Fabiano-Smith
and Goldstein (2010a) noted an overall accuracy of 70% for /l/ in their eight monolingual
Mexican Spanish-speaking 3–4-year-olds, with Acevedo (1993) showing mastery of /l/ by age 4
in 20 Mexican-American functionally monolingual Spanish-speaking children in Texas. The
vibrants /ɾ/ and especially /r/ tend to be acquired rather late across children, that is after age 5,
although some children do use these early on (Acevedo, 1993; Carballo and Mendoza, 2000;
Arellanes, Meneses, and Herrasti, 2003; Fabiano-Smith and Goldstein, 2010a).

Concerning acquisition of voicing, Fabiano-Smith and Barlow (2009) and Fabiano-Smith
and Goldstein (2010a, b) noted 80–95% match across children for acquisition of voiceless
stops in their groups of eight Spanish-speaking monolingual and bilinguals between ages 3;0
and 4;0. However, Macken and Barton (1980) noted relatively late acquisition of the voicing
contrast in Spanish (not before age 5), possibly because of the prevoiced aspect of voiced stops
(see also Macken, 1975). Summarizing the literature on voice contrasts, Kehoe, Lleó, and
Rakow (2004) point out that studies show earlier acquisition of long lag-short lag contrasts
(English) versus long lead-short lag contrasts for voicing (Spanish). They conducted two
studies on the acquisition of Voice Onset Time (VOT), one with English-learning children
and the other one with Spanish-learning children. The former produced the English voicing
contrast by 2;6, whereas the latter did not distinguish voiceless and voiced stops in Spanish by
means of VOT, that is all stop consonants tended to be produced with short lag. They
proposed that children acquiring Spanish use the contrast between stops and continuants,
instead of VOT, to distinguish voiced (with continuants or spirants as allophones) from
voiceless stops (without such allophones). Lleó (2008) points out that a note of caution is
necessary, because different authors use different criteria to decide when a certain unit has
been acquired and use different phenomena to measure development. Furthermore, the
voicing contrast is complicated in Spanish because of the stop-spirant alternation intervoca-
lically for the voiced targets, which can also affect word-initial stops, at least after the feminine
articles.

For place of articulation, studies suggest that labials and coronals tend to be acquired early,
and velars later (Montes Giraldo, 1970, 1971; Macken, 1975), although for most 3-year-olds
in Acevedo (1993) and Fabiano-Smith and Goldstein (2010a), all three places of articulation
were present early on.

With respect to word structure, Carreira (1991) notes that open CV (and V) syllables
emerge before CVC, complex onsets and codas, and that singleton codas appear before
complex onsets. Kehoe and Lleó (2003) describe similar patterns, that is, appearance of
open syllables CV and V before closed syllables CVC and VC. Lleó (2003) noted minimal
coda use in two Spanish-speaking children in Madrid, up to ages 2;2/2;3, with emergence of
falling diphthongs before word-final codas, and glides commonly substituting for coda
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consonants. Lleó (2008: 357) states that ‘the presence of glides instead of consonants in coda
position seems to be a typical property of the Spanish children’s productions. . .’ (see also
Bosch, 2004). Regarding consonant clusters, Goldstein and Iglesias (1996) report accurate
Spanish cluster production by age of 5 years. Up until then, cluster reduction is reported to be
common. Lleó (2008) notes that the consonant retained is typically the least sonorous (e.g. /
pl/ > [p]; Barlow, 2003); exceptions have been reported, however (De Zuluaga, 1979;
Macken, 1979; Lleó and Prinz, 1996).

Concerning word length, Lleó (2002, 2006) describes relatively early acquisition of longer
words compared with monosyllables; three monolingual Spanish children first produced tro-
chaic disyllables, then both iambic disyllables and trisyllables (under age 2), and finally, mono-
syllables. Lleó and Demuth (1999) found syllable truncation to be a short-lived pattern in
Spanish acquisition, although Lleó and Arias (2006) observed a tendency for children to
substitute trochaic for iambic stress (see also Hochberg, 1988; Goldstein and Cintrón, 2001).
Astruc, Payne, Post, Prieto, and Vanrell (2010) noted that Spanish- and Catalán-learning
children generally produce iambic stress and multisyllabic words by the age of 2, earlier overall
than the English-learning children in their study. However, even though there may be a higher
preponderance ofweak syllables produced (less truncation) in Spanish, the segmental content of
those syllables may be reduced (Lleó, 1996; Prieto, Bosch-Baliarda, and Saceda-Ulloa, 2005).

The literature review led to predictions about what we might find in the speech of the two
boys in the study:

(1) Word structure:
- Multisyllabic words: Production of at least some multisyllabic words with weak

initial stress, sincemany children appear toproduce those relatively early inSpanish
- Consonants in weak syllables: Higher number of deletion or substitution patterns

in weak syllables, particularly initial weak syllables
(2) Codas and clusters: Coda deletion or cluster reduction, due to later acquisition of

consonant sequences and codas in Spanish (lower frequency of codas; need for
liquids and /s/ in many consonant sequences)

(3) Consonant mismatches for:
- Later-developing manner categories: trilled /r/ and possibly /l/, plus some
fricatives
- Voicing contrasts
- [Dorsal], at least for /k/ and ‘/g/’

(4) Vowel match: High vowel match for singletons (because of the limited vowel inven-
tory), with uncertainty concerning vowel sequences due to limited data available in
the literature.

Method

Word list for elicitation

A 100-word pilot list was prepared for single-word elicitation, following procedures for word
list creation for other languages in the crosslinguistic study. Phonological inventories for
Spanish dialects were first identified: consonant and vowel inventories by position, word
lengths, stress patterns, word shapes and cross-vowel consonant sequences.Words were then
generated by native and proficient second-language speakers. The list was culled to 100
words, so as to sample all phonological targets at least twice in words that would be at
last relatively familiar to children in the dialect areas and imageable by photographs.5
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The description below first outlines word structure frequencies, then consonant frequency
(singletons, sequences) and finally vowel sequence frequency.

Word length and stress pattern frequencies in the list generally reflected proportional
frequency in Spanish (Navarro, 1946):

(1) Monosyllables: 8 words.
(2) Disyllables: 60 words, with 48/60 Sw stress patterns, and 12/60 with weak-strong

stress patterns, wS.
(3) Trisyllables: 20 words, with 18/20 wSw.
(4) Four syllables: 11 words, with 9/11 wwSw and 2/11 wSww.
(5) Five syllables: 1 word (hipopótamo), wwSww.

Word shapes in terms of CV sequences showed the following major target patterns (grouped
by frequency) (Note that coda use would be generally less in Granada Spanish.):

(1) Disyllabic words:
- without clusters: (C)V(V)CV(V) (34 words) > (C)VCVC (10) > CV.V (1)
- with clusters: CCVCV(V)C (5) > > CCVCV (3) > CCVCCV, CVCCV (2 each) >

CVVCCVC (1)
(2) Multisyllabic words: CVCVCV (seven words) > CVCCVCV (four words). There

were one or two tokens of a variety of other shapes.
(3) Monosyllables: CVC, CCVC (four each).

The word list consonant frequencies are presented in Appendix 1. Most frequently elicited
consonants were (most to least): /s/, /l/, /k/, /n/, /ɾ/, /p/, /t/. Least frequently elicited consonants
were (most to least) /b/, /g/, /d/ and /ɲ/. These proportions mirror frequencies reported for
spoken language (see Guirao and García Jurado, 1990, Spanish of the Americas; Quilis and
Esgueva, 1981, Castilian Spanish). For consonant sequences, most word-initial clusters of
Spanish were elicited once, although /bl/, /tɾ/ and /fl/ were elicited twice. All cross-vowel place
and manner sequences were represented more than once, with some words targeting three
places of articulation (e.g. caballo /kaˈβaʃo/ ‘horse’ in Argentinian Spanish, i.e. dorsal–labial–
coronal), and some, four manners of articulation (e.g. elefante /eleˈfan.te/ ‘elephant’ with a
liquid, fricative, nasal and stop).

The five singleton vowels of Spanish were elicited frequently in stressed and unstressed
syllables. In this preliminary list, vowel sequence targets included falling diphthongs /ue/
(seven words), /ua/ (five), /ia/ (two) and /ˈi.a/ (two) plus /ui/, /ie/, /i.ˈa/ and /ˈe.a/ (once each).

For the picture elicitation, free stock photos were downloaded from the web. A group of 10
objects were also used at the beginning of elicitation in order to provide repeated exemplars of
low-frequency phonemic targets (blanco, azul, pez, agua, reloj, baño, tres, nueve, flores and
fuego), gain information about within-word variability and provide a warm-up activity for the
session.

Participants

The data are from two boys with PPD (age 4;9) who had immigrated to Canada with their
families (and who thus were in a bilingual Spanish-English environment). RP1 was from
Argentina. He was a functionally monolingual Spanish speaker. Although he had been
attending English preschool three half-days per week for a fewmonths, he spoke onlyminimal
English; nonetheless, exposure to English and his developing comprehension may have
influenced some aspects of his Spanish. RP2 was fromMexico; he spoke Spanish exclusively
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at home and an undetermined amount of English in preschool. No developmental concerns
other than speech were reported by the families. Both boys scored within normal limits on a
language test for Spanish-speaking children, the Receptive One-Word and Expressive One-
Word Picture Vocabulary Tests (Spanish) (Brownell, 2001a, b). RP1 had scaled scores of 109
and 117 (mean of a 100, with SD of 15), respectively, and gave only one English word as a
response on the Expressive One-Word Picture Vocabulary Test (car). RP5 had 114 on both
scales and used Spanish almost exclusively also. Because RP5 appeared to have more English
skills than RP1, he also was given the Preschool Language Scale-4 (Zimmerman, Steiner, and
Pond, 2002), receiving a Comprehension Scale score of 88 and an Expressive Scale score of
80, that is borderline average for English learners. These scores were notably lower than his
scores on the Spanish language test, suggesting higher proficiency in Spanish. Furthermore,
some of the items had to be administered in Spanish due to lack of English skills; thus, the
PLS-4 scores are an over-estimate of his English language knowledge. Due to time limitations
for this pilot study and lack of English vocabulary, the children’s English phonological skills
were not tested. Further delineation of the boys’ relative bilingual status was not done; if
future studies were to include bilingual participants, the participants’ relative bilingualism
would be investigated in greater depth in order to analyse potential transfer between the
languages.

Procedures

A speech-language pathologist (SLP) who speaks Spanish as an additional language con-
ducted the elicitations in Spanish with the help of the child’s parents. The parents had initially
requested an assessment because the children were less intelligible than age-matched
Spanish-speaking peers; the SLP concurred after assessment. Later phonological analyses
and comparisons with previous normative data also confirmed the designation of PPD (see
Results). Audio-recordings were made with an M-Audio Microtrack II tape recorder
(M-Audio, Irwindale, CA, USA) and a Sennheiser remote system (transmitter EK 100 G2
and receiver SK 100 G2) with Countryman remote lapel microphones. The elicitation began
with the naming of 10 objects (for reasons noted in the discussion of word list creation above)
and proceeded to picture-naming. Most items were named spontaneously, but if not,
immediate or delayed imitation was used. An audio-recording was also made of the parents’
pronunciation of the words, to provide dialect-appropriate adult targets for each child for
analysis.

RP1 was transcribed by the first author with the collaboration of three coauthors trained in
transcription (English native speakers). Because RP1’s data were the first to be transcribed for
the overall study in Spanish, each token was transcribed by consensus in a group setting, with
the use of acoustic analysis to confirm VOT, frication and formant transition (Praat, Boersma
andWeenink, 2009). Reliability was not calculated, but the final token required agreement of
all listeners. This process led to creation of a document to be used for the project, outlining
transcription conventions (see e.g. Bernhardt and Stemberger (in press)). RP1’s mother’s
recording was transcribed by a native speaker of Mexican Spanish, with consultation with the
first author, also a Mexican Spanish speaker. Both were trained transcribers familiar with
variants of Spanish, including Argentinian. RP5 (and his father’s pronunciations) was tran-
scribed primarily by the two Mexican Spanish speakers with the aid of acoustic analysis, and
consensus building from two of the English-speaking coauthors, until 100% agreement was
reached for each token. The transcriptions for all words (object-based, picture-based) were
entered into the Computerized Articulation and Phonology Evaluation System (CAPES;
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Masterson and Bernhardt, 2001) and spreadsheets for analysis. The pronunciation of the
parent was considered the adult target, unless the child used another acceptable form for the
dialect area. From the CAPES were extracted match and mismatch analyses for word length,
shape and stress, consonants and vowels (singletons and sequences). Feature analyses were
conducted using the spreadsheets and by hand. The feature system for Spanish was based on
Santiago, Pérez, Palma, and Stemberger (2007).

Results

Results are presented in the following order below: (1) global measures; (2) word structure:
length, stress, codas, onsets, contiguous consonant and vowel sequences; (3) singleton conso-
nant match and mismatch patterns; (4) cross-vowel consonant sequence results. Within each
section, the children’s data are discussed both independently, and comparatively.

Global measures

Two global measures were calculated. The first, whole-word match (WWM; see,
e.g. Schmitt, Howard, and Schmitt (1983)) indicates the proportion of child’s productions
that matches the adult target completely. RP1 showed a WWM of 17% and RP5 9.5%.
Per cent consonant match (PCM) was also calculated for singletons, that is the proportion of
consonants matching adult targets and were 57.6% (RP1) and 51.9% (RP5).

Word structure

Syllables and stress. Word length and stress were relatively well-preserved. For RP1, the
exception was truncation of the specific weak initial syllable /eh/, as in escuela /ehˈkuela/
[ˈxueɾa] ‘school’.

RP2 showed weak syllable deletion in 5/11 four-syllable words and 1/22 trisyllabic words
(manzana /manˈsana/ [ˈtʃana] ‘apple’). Stress shift occurred twice for stress-initial words, and
three times for weak initial syllables: princesa ‘princess’, cortando ‘cutting’ and pescado ‘fish’.

uvas /ˈuβas/ [uˈpas] ‘grapes’ (RP2)
lámpara /ˈlampaɾa/ [amˈpa.a] ‘lamp’
princesa /prinˈsesa/ [ˈhintsesa] ‘princess’

Singleton codas and onsets. Comparatively speaking, codas were better preserved than onsets
for both boys. Word-final codas were produced 100% of the time, usually as segmental
matches ([s], [n], [x], [l], [r]̥, [t]).

Word-initial onsets in stress-initial words were also generally preserved. RP1 did show
deletion of /b/ and /ɡ/ after the article el ‘the’ (masculine singular) (but not after the article
‘la’):

el gato /el ˈɡato/ [ˈlato] ‘the cat’ (RP1)
el baño /el ˈbaɲo/ [el ˈaɲo] ‘the bath’

RP2 had comparatively weaker onsets. Four (/29) word-initial onsets deleted (/l/, /r/, /m/), and
three were glottal substitutions ([h], [h], [ʔ]):

mesa /ˈmesa/ [ˈesa] ‘table’ (RP2)
leche /ˈletʃe/ [ˈhetʃe] ‘milk’
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However, onsets were more vulnerable for both boys in word-initial unstressed syllables. RP1
showed one consonant deletion, six glottal stop replacements (arguably deletion) and one
consonant harmony (/32 targets).

manzana /manˈsana/ [anˈsana] ‘apple’ (RP1)
guitarra /ɡiˈtara/ [ʔaˈtaɾla] ‘guitar’
zapatos /saˈpatos/ [paˈpatos] ‘shoes’

For RP2, 11/36 word-initial onsets deleted in unstressed syllables, for example:

sombrero /somˈbrero/ [ˈamˈpeɾo] ‘hat’ (RP2)

Less marked segments appeared (e.g. [k] twice instead of /g/ or /x/, three glottal substitutions
[h], [h] or [ʔ]). There were two instances of reduplicative harmony, as in:

juguetes /{h/x}uˈɣetes/ [kuˈɣetes] ‘toys’ (RP2)
conejo /koˈneho/ [noˈneho] ‘rabbit’
zapatos /saˈpatos/ [haˈhatos] ‘hat’

Contiguous consonant sequences (surface-neighbouring segments). Overall, there were few
contiguous consonant sequences for either boy, especially word initially. Table II shows
word-initial consonant sequence patterns for both speakers.

Word-initial /Cɾ/ or /Cl/ sequences showed cluster reduction (although RP5 did have one
approximation in globo /gloβo/ [golowo̰] ‘balloon’), with different types of realizations patterns
within and across words and speakers. RP1 retained C1 (or a close approximation) in 9/15
cases, C2 once, and various patterns for an additional five (consonant harmony, glottal stop
replacement, metathesis).

Table II. Word-initial consonant sequence mismatches for RP1 and RP2.

RP1 RP2

pl p p̬
bl l, ʔ w
gl w (CH) gol

fl f (3) h (2), ʔ
pɾ p h
{b/β)ɾ d (A) β
tɾ t, d, ʔ t (2)
{d/ð}ɾ ʔ ʧ
kɾ k ʔ (or k?)
gɾ agɣ (M) h
fɾ f h

nwe new (2, M) me, nie
kwa kwa, wa k, g
{g/ɣ}wa ʍwa ɣw
rwi di (CH) oi (A, o)
fwe ʍwe, xwe e, ɸe
ʃwe ʃo:we (M)

Notes: One token unless otherwise indicated. The sequences with /w/ and /j/ show the vowels because /we/ /je/, etc.,
are often considered diphthongs following singletons. Braces indicate alternative adult targets. M, metathesis;
CH, consonant harmony.
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tres /ˈtɾes/ {[ˈdes]/[tes]/[ˈʔes]} ‘three’ (RP1)
blanco /ˈblaŋko/ {[ˈʔako]/[ˈlako]} ‘white’
gracias /ˈgɾacias/ [ˈagɣias] ‘thank you’
brazos /ˈbɾasos/ [ˈdasos] ‘arms’

RP5, on the other hand, retained C1 (or a close approximation) in only 5/15 cases, C2 twice
and otherwise showed glottal substitutions (7/15) or coalescence (once).

tres /ˈtɾes/ [ˈtes] ‘three’ (RP2)
blanco /ˈblaŋko/ [ˈwaŋko]̰ ‘white’
gracias /ˈɡɾasias/ [ˈhaθtθa] ‘thank you’
dragón /dɾaˈɣon/ [ʧaˈtʂon] ‘dragon’

If diphthongs starting with /u/ or /i/ are designated as part of /C-glide/ clusters, both speakers
showed several instances thereof (see Table II). Otherwise, they showed similar reduction
and substitution patterns as the liquid clusters.

Heterosyllabic word-medial sequences were moderately well-established for RP2 (10/33),
especially for nasal-voiced obstruent sequences (triángulo /ˈtriaŋɡulo/ [ˈaŋɡulo] ‘triangle’).
However, they were just emerging for RP1; the obstruent deleted in nasal-voiced obstruent
sequences, and the nasal usually in voiceless stop contexts before voiceless stops (also on
occasion for RP2):

llorando /ʃoˈɾando/ [ʃoˈɾanːo] ‘crying’ (RP1)
sombrero /somˈbɾeɾo/ [soˈmeɾo] ‘sombrero’
blanco /ˈblaŋko/ [ˈʔako] ‘white’

Contiguous vowel sequences. Considering vowel sequences independently of word-initial
consonants, reductions or alternations were observed about 50% of the time for both boys.
The /ua/ ([wa]) was the most accurate (5/5 for RP1, 3/5 for RP2, with reduction to [a] if a
mismatch). The /ue/ ([we]) showed 3/7 matches for RP1 and 1/6 for RP2. Again, the second
vowel (/e/) was most commonly retained (three tokens each), with other variants including
long [oː] (RP1), [ie] (RP2) and substitutions with labial consonants [vbe] (RP1), [me] (RP2).

llueve /ˈʃueβe/ [ˈʃoːwe] ‘it rains’ (RP1)
fuego /ˈfueɣo/ [ˈeɡo] ‘fire’ (RP2)
nueve /ˈnueβe/ [ˈnewe] ‘nine’ (RP1)

{[ˈniebe]/[mepe]} (RP2)

Diphthongs starting with /i/ (/ia/, /ie/) showed 2/3 matches for RP1 and 2/4 for RP2. In both
cases the [a] was retained for /ia/, with the /ie/ showing metathesis to [ej] in nieve ‘snow’ for
RP2 (i.e. gracias /ˈgrasias/ [ˈhaθtθa] ‘thank you’). The diphthong /ui/ in ruido ‘noise’ surfaced
as [oi] for RP2 and [i] for RP1. RP1 also showed coronal stop epenthesis (or reduplication) in
heterosyllabic vowel sequences [ˈi.a] and [ˈe.a] (e.g. dia /ˈdi.a/ [ˈdi̪da̪] ‘day’).

Singleton consonants and features: RP1

Singleton vowels generally matched the adult targets; hence we focus on consonants here (see
Table III).

As noted, RP1 had a singleton PCM of 57.6%, with highest accuracy in codas and lowest
accuracy word medially (word-initial ¼ 58.5%; intervocalic ¼ 48.9% and word-final ¼ 92%).
Table III shows strongest categories (over80%match) tobevoiceless stops /p, t, k/, coronal stops
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and fricatives /t, d, s, ʃ/, labiodental /f/ and glottal [h] (acceptable for /x/). Developing categories
(30–75%match)were labial-anddorsal-voicedobstruents /b,g,β/,nasals, andother sonorants /l/
and tap. The affricate /tʃ/, voiced fricatives /ð/ and [ɣ] and trilled /r/ were absent.

Patterns of difference reflected the manner category. The affricate surfaced consistently as
the homorganic fricative [ʃ] as in chimenea /tʃimeˈne.a/ [ʃiniˈmeɾna] ‘chimney’. A lack of
contrast among palatoalveolars was evident because [tʃ] also appeared for /ʃ/, for example,
llave /ˈʃaβe/ [ˈtʃaβe] ‘key’. The intervocalic voiced fricatives were emerging (possible delay in
allophonic development?), with stops or [w] as common substitutions (as seen in previous
word structure examples), that is, maintenance of either ["sonorant] if a stop or
[þcontinuant] if a glide).

The intervocalic tap (4/11) showed either lateralized or nasalized substitutions, stop [d] or
nasals. Thus, generally [þsonorant] was retained, whereas /l/ often appeared medially as a
tap. One of [d, l, ɾn, ɾl, ʔ, x] substituted for /r/, that is frequent but not consistent retention of
[þsonorant], [Coronal].

guitarra /ɡiˈtara/ [ʔaˈtaɾla] ‘guitar’ (RP1)
cara /ˈkaɾa/ [ˈtajla] ‘face’
cuchara /kuˈtʃaɾa/ [kuˈʃada] ‘spoon’
reloj /reˈlox/ [ʔaˈlox] ‘watch’ (noun)
ratón /raˈton/ [xăˈton] ‘mouse’

Table III. Singleton consonant matches, deletions and substitutions for RP1.

Word-initial Intervocalic Word-final

Target Match Pattern Match Pattern Match Pattern Total %match

p 7/7 3/4 t (M) 91
b 3/5 Del-2 1/1 67
t 2/3 ʔ 7/8 m (M) 82
d 2/2 100
k 7/11 t-3; Del 5/5 80
g 0/3 ʔ, b, l 1/1 25
m 3/5 Del-2 1/4 n-2; β-1 44
n 3/5 Del-2 4/7 Del, 1~, m (M) 3/

3
67

ɲ 2/3 j 67
f 2/2 4/4 100
[β] 3/6 w-3 50
[ð] 0/1 d 0
s 4/5 ph (CH) 9/10 ɣ (M) 16/16 94
{ʃ/dʒ} 2/3 tʃ 3/3 83

tʃ 0/3 ʃ-3 0/4 ʃ-4 0
{x/h} 2/2 3/3 2/

2
100

[ɣ] 0/2 w, ð 0
l 1/3 ə l, m (M) 6/12 ɾ-5, t 2/

2
53

ɾ 4/11 ɾl, ɲ, n; d, l-2 0/
2

ɾ,̥ ɾl 31

r 0/6 d, ɾ,̥ k, x, ʔ-2 0/4 ɾl,, d, l (2) 0

Notes: Where numbers are not indicated after patterns, one token is indicated. M, metathesis; CH, consonant
harmony; Del, deleted.
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RP2’s consonant match and mismatch patterns are shown in Table IV.
He had a lower percentage singleton consonant match than RP1, that is 51.9%, reflecting a

weaker word-initial position, but he also showed a high match in coda (word-initial¼ 45.2%;
intervocalic ¼ 51.6%; word-final ¼ 94.1%). Only four consonants had matches higher than
80%: the voiceless coronal /t/ and nasal /n/, plus dorsal obstruents /g/ and /ɣ/. The other stops
were nearing 80% accuracy as were the other nasals, and fricatives /s, x/ (although syllable-
initial /s/ was weakly established). The /f/, /l/ and tap were emerging, whereas the other voiced
fricatives /β, ð, ʝ/ were absent as was trilled /r/. As noted earlier, [h], [h] or a weak oral fricative
(indeterminate) appeared for a variety of onsets (voiceless obstruents /p/, /f/, /s/, /k/, /l/, or
sonorants /n/, /1/), as in:

pes /pes/ [hes] ‘fish’ (RP2)
leche /ˈletʃe/ [ˈhetʃe] ‘milk’
elefante /eleˈfante/ [eˈhante] ‘elephant’

In terms of the liquids, in addition to the aspirate [h] noted above, there were deletions or glide
or [t] substitutions, for example:

escuela /esˈkuela/ [ˈehkeja]̰ ‘school’ (RP2)
azul /aˈsul/ [aa̰ˈʧutʰ] ‘blue’

The /r/ and /ɾ/ showed variable patterns. The tap showed 2/10 matches. Otherwise, taps
deleted were replaced by a glide word initially or medially, or by [t] wordmedially and finally.

regalo /reˈ{ɣ/g}alo/ [eˈgao] ‘present’ (RP2)
pájaro /ˈpa{x/h}aɾo/ [ˈʔax̰ɔɾ̯wo] ‘bird’

Table IV. Singleton consonant matches, deletions and substitutions for RP2.

Word-initial Intervocalic Word-final

Target Match Pattern Match Pattern Match Pattern Total %match

p 5/7 ʔ, h 3/4 h 72
b 3/6 p-3 1/2 p 50
t 2/2 9/9 100
d 1/2 dʒ 50
k 6/9 Del, h, n 4/4 77
g 2/3 k 2/2 80
m 3/5 Del-2 2/2 71
n 2/4 Del; m (M) 6/7 h 4/4 80
ɲ 2/3 dʒ 67
f 0/2 Del; ɸ 2/3 h 40
[β] 0/5 b-2; j, p, ɸ 0
[ð] 0/2 Del; t 0
s 1/5 Del-2; ʃ, h 8/12 tʃ, ʂ, θtθ̪. t 15/15 75
{dʒ /ʝ} 0/2 Del; ɕ 0/2 j-2 0

tʃ 2/2 3/4 ʃ 83
{x/h} 0/2 Del; k 3/3 75
[ɣ] 1/1 100
l 0/3 Del-2; h 2/13 0/1 th 12
ɾ 2/9 Del-3; j, ɾw 0/1 t 20
r 0/6 Del-3; ɾ, t, ʔ 0/4 Del-2; t, ɾ 0

Notes: Where numbers are not indicated after patterns, one token is indicated. M, metathesis; Del, deleted.
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burro /ˈburo/ [ˈbuto]̰ ‘donkey’
flor /ˈfloɾ/ [ˈhoth] ‘flower’

Concerning the medial voiced obstruents, for the allophonic medial voiced [β], labial stops
([b] or [p]) appeared, or a voiceless fricative, [ɸ] or [f]. The intervocalic [s] showed four
mismatches, that is other coronals: [θ] (see gracias ‘thank you’ above) or [tʃ] (azul ‘blue’
above), a retroflexed [ʂ] or a [t]. Overall, place was preserved most of the time word medially
for these targets, with manner varying.

nueve /nueve/ [ˈmepe] ‘nine’ (RP2)
[ˈniebe]

cabeza /kaˈ{b/β}esa/ [kaˈfeta] ‘head’

Cross-vowel consonant sequences. The final section of the analysis concerns cross-vowel
sequences for consonants. A number of patterns appeared suggesting cross-vowel
constraints on sequences, particularly in multisyllabic words:

(1) left-to-right harmony/reduplication:
elefante /eleˈfante/ [elaˈfaːfe] ‘elephant’ (RP1)
globo /ˈglobo/ [ˈwowo] ‘balloon’
zapatos /saˈpatos/ [haˈhatos] ‘shoes’ (RP2)

(2) right-to-left harmony/reduplication in three-syllable words with iambic stress:
conejo /koˈne{h/x}o/ [noˈneho] ‘rabbit’ (RP2)
ruido /ruˈiðo/ [ˈdɨdo] ‘noise’

(3) metathesis (with or without deletion)
nariz /naˈɾis/ [aˈnis] ‘nose’ (RP1)
lámpara /ˈlampaɾa/ [ˈmakala] ‘lamp’
chimenea /tʃimeˈne.a/ [ʃiniˈmeɾna] ‘chimney’

[piʃamˈhea] (RP2)

Discussion

Word list revision

After pilot testing, the word list was modified slightly for the ongoing study.6Word familiarity
in different countries was considered, and more words with diphthongs were added
(i.e. rising patterns /ai/, /oi/, /eu/, /au/). The revision changed the frequency counts slightly
but the overall frequencies and word selection are very close to the original pilot list.

Phonological development patterns

Global measures. Two global measures (WWM, PCM) support the parent/SLP impressions
of PPD and may be useful considerations for the ongoing study. For English (Schmitt et al.,
1983), Mandarin (Bernhardt, Zhao, and Lai, 2010) and Arabic (Ayyad, 2011), 4-year-olds
are reported to have a WWM of 80%, compared with WWMs below 20% for the two boys.
For Texan Spanish-speaking children, Acevedo (1993) noted a PCM (singleton) of 97.4%,
compared with PCMs in the 50% range in the current study.

Other analyses. Many patterns observed in the speech of these two pilot participants were
predicted to occur based on the literature. The boys showed few or no consonant clusters,
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vibrants /r/ and /ɾ/, or the affricate /tʃ/. Furthermore, onset consonants in unstressed
(particularly word-initial) syllables were vulnerable, with patterns of deletion, harmony or
default glottal [h] or [ʔ] insertion word initially (and sometimes in medial position also).
These patterns have been attested for other languages, although default glottal use is a
minority pattern (Bernhardt and Stemberger, 1998), found more often in children with
PPD than typical development.

In addition, however, the participants showed mastery of form perhaps not as common in
English-learning children with PPD, that is, maintenance of unstressed initial syllables, at
least in most two- and three-syllable words, surprisingly consistent use of codas, and relative
strength in voiceless fricative production. Whether these findings were unique to the two
individuals or reflective of higher frequency in Spanish of iambic words and fricatives
(because of medial lenition of voiced stops) remains to be determined. Word-final codas
are much less frequent in Spanish and were noted to be later acquired in 2-year-olds by Lleó
(2003). However, the fact that Spanish has fewer consonant types in coda, and particularly
only fricatives and sonorants, may have allowed acquisition of word-final codas in these two
4-year-olds, even as other aspects of phonology showed protracted development. Bernhardt
and Stemberger (1998) note that, for some children, vowel-like features [þcontinuant] and
[þsonorant] of the nucleus may help facilitate emergence of [þcontinuant] fricatives and
[þsonorant] nasals in coda in at least some children for English.

The current literature and these data (even though not from strictly monolingual children)
provide a basis for questions for the ongoing study. In particular, the structural realization
patterns formultisyllabic words, consonant and vowel sequences and singleton onsets and codas
in stressed versus unstressed syllables are under-reported elsewhere for children with PPD and
thus, a larger study will provide an opportunity to provide more information about these
elements. Furthermore, the effect of morphology (articles), the patterns of change for sonorants
and fricatives and the development of voicing contrasts across categories will be examined in the
larger study. The overarching question is which phenomena will reflect influences of universal,
language-specific and child-specific constraints7 on acquisition. The monolingual data from
Granada and Mexico will provide two perspectives on Spanish PPD in different dialect areas.
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Notes

1. The term ‘speech sound disorders’ (phonological disorders) is prevalent in the field of speech-language pathology,
but a more current, neutral and positive term ‘protracted phonological development’ is being used for the cross-
linguistic study (as in Bernhardt and Stemberger, 1998).

2. In Granada Spanish, lax, open vowels occur if coda /s/ deletes (Alonso, Zamora, andCanellada, 1950; Zubizarreta,
1979; Gerfen, 2002; Alvar, 2009; Lloret and Jiménez, 2009), as in: tres /trɛ / ‘three’, or dos /dɔ/ ‘two’.
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3. In Mexican Spanish.
4. Other studies of consonant development include Acevedo (1993) and Jiménez (1987) for Mexican Spanish and

Borzone de Manrique and Rosemberg (2000) for Argentinian Spanish.
5. The word list and the children’s data are available from the authors.
6. The final word list is also available from the authors.
7. The term constraint is used in a general sense (see Bernhardt and Stemberger, 1998).
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Word-initial Word-medial Word-final Total

p 7 5 12
b 6 6
t 3 9 12
d 2 2
k 11 6 17
g 4 4
m 5 5 10
n 5 7 3 15
ɲ 3 3
f 4 4 8
[β] 8 8
[ð] 1 1
s 5 12 16 33
{ʃ/dʒ} 3 4 7
tʃ 3 4 7
{x/h} 2 3 2 7
[ɣ] 6 6
l 4 14 2 20
ɾ 12 2 14
r 6 4 1

Total 70 107 25 202
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