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Resumen

El objetivo de este estudio es describir el congpoignto de los errores que se producen en dosdgos
ataques (inicial e intervocédlico) y dos tipos ddam(medial y final de palabra) para determinasts
posiciones son propensas a una tipologia espeddie@arores. Con este fin, se han estudiado losesrr
que se producen habitualmente en estos cuatro xtostalurante la adquisicion de los sonidos
consonanticos de la lengua catalana, en 90 nifiedal#es comprendidas entre 3 y 5 afios, procedimtes
diversos centros educativos. Los resultados muesitee hay diferencias en el tipo de errores que
experimenta cada posicion.

Palabras claveAdquisicion del lenguaje; Catalan; Errores constinés; Fonologia.

Abstract

The goal of this study is to describe the behawofagrrors in two types of onsets (initial and intaralic)

and two types of codas (in the middle and end efvibrd) in order to determine if any of these posi

are more prone to specific types of errors than dtteers.We have looked into the errors that are
frequently produced in these four contexts during acquisition of consonant sounds in the Catalan
language. The data were taken from a study ondyeisition of consonants in Catalan, carried ou90n
children between the ages of 3 and 5 years frorarakkindergarten schools. The results do show that
there are characteristic errors depending on thé&ipo within the word.
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Introduction

The acquisition of the sound system of a language topic that has produced several
seminal works, like Jakobson (1968, 1971), Temfli57), Smith (1973), Stampe
(1979), Ingram (1976), Grunwell (1987) or Vihmar®9gB). The objective in some of
these studies has been either the descriptioneobttier in which the sounds appear,
l.e., the emerging segments of the system undestiwantion (Jakobson, 1968, 1971), or
the study of errors or non-target-like productigimgram,1976).

With regard to the Catalan language, we have bettemgl descriptive works,
like those by Bosch (1987), Secall and Crespi (1,98& Ribot (1992) and Llach (2007)
and other more detailed ones, like Aguilar and &&&004); Prieto and Bosch-Baliarda
(2006) and Borras-Comes and Prieto (2011) for togiigition of the codas.

Bosch (1987), who examines Central Catalan, makpshtative assessment of
production corresponding to 250 children aged betw8 and 7 years. The errors
observed there are classified following Ingram’37@) proposal, and the phonological
profiles are also presented for the various agesalSand Crespi (1987), on the other
hand, present two tests of phonological analysie, @mprehensive screening test for
children and adults, and a screening for childreimvben 3 to 7 years of age. The results
in this case follow the classification criteria dsa Templin (1957) and Ingram (1976).
De Ribot (1992) conducted a production test, arddissification utilized there was
also that put forward by Ingram (1976) for the pblogical processes. Finally, Llach
(2007) describes and analyzes errors produced igrern between 3 and 7 based on
production and perception parameters. Studies ieydPand Bosch-Baliarda (2006) and
Borras-Comes and Prieto (2011) are recent contoibsithat focus on the acquisition of
codas in Catalan. Aguilar and Serra (2004) prowadseries of standards aimed at
analyzing phonetic and phonological aspects orddml over the ages of 3 and 6 years
as well as the scale of the Screening Protocobtest population of 92 children.

The present study is in line with therks that analyze errors or non-target-like
productions for the acquisition of the sound systémparticular, we examine errors
affecting the segments individually, and excludemr affecting the whole syllable or
longer phonological units. The aim is to describe behavior of segmental errors in
four positions in the word, corresponding to twasets and two codas, in order to
obtain information on how the errors are distribut&he objective is an attempt to

integrate the advantages from the theoretical @mgbrdhat focuses on the study of
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prosodic features (among which the syllabic posjtido explain phonological
processes, such as ito (1986) or Golsdmith (198 from more recent theoretical
perspectives, like that of Steriade (1995, 199R89)9who shows that phonological
contrasts in adult systems are neutralized in enuaients with poor perceptual cues,
and hence the importance of context. Even thougdrigelie’s line of argument is
perceptive, therefore not related to the goal of #nticle, what we do find in her work
is the explanation of phonological processes bynmeaf the adjacent context. For
example, the processes do not occur “in coda”;iefore an obstruent”. The existence
of these two perspectives on the phonological mse®is the basis of the study that we
have carried out since they have been applieddcethors made over the acquisition
period. Thus, our study draws on these two linewardk by presenting a view which
comes from examining the analysis of data on thenplogical acquisition of
consonants, i.e., errors in Catalan produced Hyreim between the ages of 3 and 5.

We start off with the analysis of thdlayic and the contextual positions where
the consonant errors occur, which are the two Isiglpositions (onset, coda) and four
contextual positions (word-initial, word-final, grvocalic position and post-nuclear
heterosyllabic position). We consider initial amiervocalic positions as onsktsnd
final and post-nuclear heterosyllabic positioncaedas. We analize the errors in order
to observe whether or not there are differencewdmat the initial onset (without a
previous segment) and the intervocalic onset (@iftrevious segment), as well as the
final coda (without a following segment) and theehnesyllabic coda (with a following
segmentf. The orientation of this work has similarities tetstudy by Rvachew and
Andrews (2002), who divide the processes into tlypes: the ones depending on the
syllabic position (such as cluster reduction andsomant deletion); the ones depending
on particular positions in the word (such as praliocvoicing and post-vocalic
voicing); and the ones the exact dependence on iwhgiknown (substitutions, such as
velar fronting, or stopping of fricatives).

The data presented in this work argait of a more extensive and descriptive
project (Llach, 2007), but here we only discussrdsailts relevant to the comparison of

four contexts.

! Several studies have suggested that intervooafisanants can behave like codas. Here we assuine tha
they are onsets,following an onset maximizationgple (Jakobson, 1968; Grunwell, 1985).

2 Post-consonantal onset positions are not inclgiiecke they are considered equivalent to word-initia
onset positions (following Steriade (1997, 199%povehows the importance of the adjacent segment on
the right). The classification used here is alamtbin Grunwell (1987).
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Method

Participants

The study sample consists of 90 typically develgpahildren aged 3-5 years (30
respondents for each age group: 3;1-3;11, 4;2-&115:10; 53 girls and 37 boys) from
four schools in towns from the province of Giroffdne requirements were that their
first language was Catalan and that this was thguiage used in communicating with
both their parents. We excluded children with organd functional problems related

to the production and the perception of speechamglage.

Stimuli

In order to examine the behavior of Catalan consbphonemes during the acquisition
stage of 3-5 years, a corpus of words and pseudtsneas designed. Those were later
included in two different tests: a word naming @3t a pseudoword repetition test. The
production of consonant phonemes was analyzedsol@te initial position of the word,
in post-nuclear heterosyllabic position, in intezatic position, and in word-final
position. The phonemes and the contexts under ewdimn had previously been
established by Wheeler (1987) and Recasens (1883e are shown in table 1. This
initial corpus was later restricted according te thild’s vocabulary, and those items
that could have presented some difficulty for th@ividuals taking part in the test were
replaced. After that, the words constituting thmfilist of this test became the reference
for the design of a pseudoword repetition testaAsexample, table 2 contains words

and pseudowords analized with regard to the s¢sind

Table 1. Sounds analized.

Bilabial Labiodental Alveolar Prepalatal Palatal el&f Labiovelar

Plosives [p][b] [t][d] [k][g]

Nasals [m] [n] (n]

Fricatives [f] [s][z] (03]

Rothics [c][r]

Laterals (1] [£]

approximants  [f] [0] [i] [y] [w]
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Table 2. Sample of words and pseudowords correspgmna the sounds].

Word-initial Intervocalic Word-final Heterosyllabi

Sounds
c coda

['sol] 'sun’ ['taso]'cup' ['bras] '‘arm' [pis'tola]

['serp]’snake’ ['basa]'bond' ['ninas] 'dolls’ 'gun’

['sukra] 'sugar’ ['gloBus] 'balloon’ [os'paza]
[sWords  [subma'ri] [kalsos] ‘pantiest ~ ‘sword’

‘'submarine’ [os kombro]

[sul'dat] 'soldier’ ‘oroom’

['sefas] ['tusa] ['se£as] ['3ustu]

['surdo] ['tisu] ['kratus] [sus'pana]
[s]

[sor'tuA] ['malsas] ['tusko]
Pseudowords

['sirka]

[sus'pang]

Test administration

The first task was a word elicitation test, andduiee sentence completion method
based on pictures displayed on a laptop. Accordng@sierut (2008), an important
advantage of elicitation tasks is that the targetipctions can be controlled since each
sound can be evoked in all possible word positiares fixed number of opportunities.
The test administrator started the sentence. Thd woder analysis was the last one in
the sentence, and was the one the informant hatmunce. This prevented unwanted
sound coatrticulations from words preceding or felly the target item. The second
test consisted of the immediate repetition of psewdds pronounced by the test
administrator.

The recording was carried out in smahal rooms. The rooms contained
various materials, such as books and boxes, witiew& to reducing extraneous noise.
Recordings were directly made in digital format araptop HP Pentium IV with a
Creative external sound card and a unidirectioriataphone Extigy Shure 515SD. The
software used to obtain the data was the Creatmend® Studio application. The

sampling frequency was 22 kHz, with a 16-bit regotu
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Procedure

After recording, data from four (independent) tiaisions were analyzed by two
transcribers. The first listening was an approacthé¢ recording. On the second one, the
errors were written down on a template. The thistehing was done individually in
order to revise the transcriptions. Between thedtl@nd the fourth listenings, the
transcriptions that did not match up on the twadribers were detected, and an
agreement was reached by common consent (Shrilbevgatkowski & Hoffman,
1984). Those were finally revised on the fourtkelsng.

Once the errors related to the segmentier examination were logged, they
were codified into different variables (which cae found in the appendix section).
These variables are called result-variables, dogvals to observe the results at various
levels of detail and according to different classiion criteria. Those variables are the
following:

(1) Variable rl. This is the most generic varialiteseparates correctly pronounced
cases from those containing phonetic and phonabgecrors. It includes all the
segments analyzed (22,932 segments).

(2) Variable r2 groups the 2,482 errors detectenbraing to the properties involved in
the error: voicing, manner of articulation and plax articulation of the segments (for
example, processes affecting position, processestiaiy voicing or processes affecting
manner) in a way similar to that in Dyson and Anedty(2000). The analysis focuses on
the errors where a change of one, two or thredede properties is observed. Errors
affecting the entire segment (905 errors) or theenryllable are not included.

Example of error involving thplace of articulation:

f-s ['saj] instead of [faj] 'lamb'
(3) Variable r3 groups the cases by the type afraaffecting the segment (substitution,
assimilation, deletion, metathesis and epenthelsisy.based on 3,387 errors detected

out of the 22,932 segments analyzed.

Example of error involvingleletion in pseudowords:

k-0 [u'rim] instead of [ku'rim]
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(4) Variable r4 groups the information provided f2yand r3 (for example, processes
involving substitution (r2) in the place of artiatibn (r3)). It is based on 3,387 errors

detected out of the 22,932 segments studied.

Example of error involvingsubstitution and manner of
articulation:

r-1 ['1oza] instead of ['roza] 'rose’

Analysis

The error rates (errors/analyzed cases) have keunlated for each informant and for
each of the four variables in the four contextuasipons (word-initial, word-final,
intervocalic, and post-nuclear heterosyllabic positVC.C).Those four categories
coincide with the four contexts used in GrunweB&T) and adopted by Davis (1998)
for pathological patterns.

When the error rates in the four variables wereaiokd, the Kolmogorov-
Smirnov normality test was applied with a resulpeaf.001 for the four variables. Once
we saw that the rates did not follow a normal dstion, we proceeded to use the
Kruskal-Wallis test so we could determine whethenat significant differences were
given among the four positions in the values of\thgables under observation. After
that, we applied the Games-Howell test for post-modtiple comparisons to see which
groups differed from the rest. In all the testshage assumed a level of significance at
p=.05.

Results

The results are presented in the form of tableseboh variable, the first table contains
the total number of errors that occurred in eachivomntext, the mean error rates of the
total number of cases examined, and the p-valuairedd from applying the Kruskal-
Walllis test.The second table shows the p-values obtained iG#mes-Howell test for

post-hoc multiple comparisons.

84



Llach et. al Revista de Investigacion en Logop@d{a012) 78-103. ISSN-2174-5218

Table 3. r1. Number of errors and error rates/casedyzed and p-value according to
the four contexts

Context Total Mean
Errors rate
Initial-word position (onset) 1273 .13073
Intervocalic position (onset) 368 .18383
Final-word position (coda) 538 .11369
Post-nuclear heterosyllabic position (coda) 1208 .18696

(p-value Kruskal-Wallis = 0.009; chi-square 11.436f)

Table 4. r1. p-valuéom the Games-Howell test for post-hoc multiplenp@arisons

p-value
Initial-word position (onset) vs. final-word positi (coda) .260
Initial-word position (onset) vs. post-nuclear mesyllabic position (coda) .004
Initial-word position (onset) vs. intervocalic ptish (onset) .026
Final-word position (coda) vs. post-nuclear hetgitabic position (coda) <.001
Final-word position (coda) vs. intervocalic positionset) .001
Post-nuclear heterosyllabic position (coda) veridcalic position (onset) .999

As we can see from table 3 above, the r1 variatdhech separates the errors from the
correct pronunciations, shows a different behadepending on the context. When the
four contextual positions are taken into accoumny positions show the highest rates.
These are the post-nuclear heterosyllabic posiitoda) and the intervocalic position
(onset). The lowest rates belong to the word-ihijpasition (onset) and word-final
position (coda), which is the one with the loweasberates. In table 4, we can observe
that there are no significant differences betwewtnal-word position (onset) and final-
word position (coda), which are the two positiongwvhe lowest rates; and there are no
significant differences between post-nuclear hetdlabic position (coda) vs.
intervocalic position (onset) either, which are plositions with the highest rates.
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Table 5. r2. Errors, error rates/cases and p-Valuihe four contexts.

Context
Onset Coda
Properties affected p-value Initial Intervocalic  Post-nuc. Heterc Final
by the error Kruskal-Wallis Total Mean Total Mean Total Mean Total Mean
errors  rate  errors rate  errors rate  errors rate
o p-value <.001
Voicing . 107 .01098 120 .05994 0 0 0 0
chi-square 138.405, 3d'
p-value = .003
Place . 177 .01817 15 .00749 184 .02847 94  .01986
chi-square 134.830, 3d'
p-value <.001
Manner . 363 .03728 34 .01698 309 .04782 277 .05853
chi-square 207.527, 3d'
o p-value <.001
Voicing+place ) 13 .00133 7 .00349 0 0 0 0
chi-square 22.923, 3df
o p-value <.001
Voicing+manner ) 20 .00205 1 .00049 0 0 0 0
chi-square 53.295, 3df
p-value <.001
Place+manner 178 .01828 145 .07242 164 .02538 58 .01225
chi-square 160.403, 3d'
o p-value <.001
Voicing+place+mannel 15 .00154 1 .00049 0 0 0 0

chi-square 66.496, 3df

Table 6. r2: p-value from the Games-Howell testdost-hoc multiple comparisons.

Comparisons r2 Voicing Place Manner Voicing+ Voicing+ Place+ Voicing+
place manner manner place+
manner

Initial-word position (onset) <.001 .950 <.001 .006 <.001 <.001 <.001

vs.
final-word position (coda)
Initial-word position (onset) vs.  <.001 <.001 <.001 .006 <.001 <.001 <.001

post-nuclear heterosyllabic

position (coda)

Initial-word position (onset) vs.  <.001 .004 <.001 .828 .07 <.001 313
intervocalic position (onset)
Final-word position (coda) vs. N/A <.001 <.001 N/A N/A .002 N/A

post-nuclear heterosyllabic

position (coda)

Final-word position (coda) vs. <.001 .003 <.001 .526 751 <.001 <.001
intervocalic position (onset)
Post-nuclear heterosyllabic <.001 .017 <.001 .526 751 <.001 .750

position (coda) vs. intervocalic

position (onset)

As it can be observed from table 5 above, the mkabke, which tells us about the
properties of the segments affected by the erralsy shows a different behavior
according to the context. As far as voicing is @ned, in Catalan there are processes

of neutralization of the contrast of voicing in theal position and in the post-nuclear
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heterosyllabic position. Because of this, we haw¢ considered these automatic
processes as acquisition processes in two cod&seTdre automatic procedures that
prevent error processes from happening in the ofgdsection (for instance, voicing
at the end of the word). If the tests are consiiesgnificant differences are given in all
properties in the four positions. When tfates of four contextual positions are taken
into account (table 5), we can see that the emfiesting voicing (excluding the two
codas) are concentrated in the intervocalic posittbe errors of place, in the post-
nuclear heterosyllabic position; the errors of n&anof articulation in three contexts,
except for the intervocalic one; the errors invotyiboth place and manner of
articulation are concentrated in the intervocabsipon.

With regard to the multiple comparisotise p-values in table 6 show that
significant differences are given in most of thenbinations, except for the following
cases:

1) For the comparison between initial-word positi@@nset) vs. final-word position
(coda), there are no significant differences inglaee of articulation (p=.950).

i) For the comparison between initial-word pogitiolonset) vs. post-nuclear
heterosyllabic position (coda), there are signiftadifferences in all the properties.

lii) For the comparison betweanitial-word position (onset) vs. intervocalic ptisn
(onset), there are no significant differences ircwmg+place (p=.828), voicing+manner
(p=.07), and voicing + place + manner (p=.313).

iii) For the comparison between final-word positio(coda) vs. post-nuclear
heterosyllabic position (coda), there are signiftadifferences in all the properties.
(onset), there are no significant differences betweoicing+place (p=.526), and
voicing+manner (p=.751).

intervocalic position (onset), there are no siguaifit differences between voicing+place

(p=.526), voicing+manner (p=.751), and voicing+ptamanner (p=0.750).
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Table 7. r3. Errors, error rates/cases, and p-valuthne four contexts.

Context
Onset Coda
Type of error p-value Initial Intervocalic Post-nuc. heterc Final
Kruskal-Wallis Total Mean Total Mean Total Mean Total Mean
errors  rate  errors  rate  errors Rate errors rate
Substitution p-value <.001
. 797 .08185 280 .13986 366 .05664 427 .09023
chi-square 26.935, 3df
Assimilation p-value <.001
. 76 .00780 43 .02147 491 .07599 2 .00042
chi-square 214.282, 3d
Deletion p-value <.001
. 103 .01057 5 .00249 307 .04751 23  .00486
chi-square 94.846, 3df
Epenthesis p-value <.001
. 240 .02464 10 .00499 3 .00046 81 .01711
chi-square 167.871, 3d'
Metathesis p-value <.001
16 .00164 17 .00849 28  .00433 4 .00084

chi-square 18.558, 3df

Table 8. r3: p-valuéfom the Games-Howell test for post-hoc multiplengp@arisons

Comparisons r3 Substitution  Assimilation Deletion Epenthesis  Metathesis
Initial-word position (onset) vs. .642 <.001 .048 .003 .549
final-word position (coda)

Initial-word position (onset) vs. .001 <.001 .001 <.001 .008
post-nuclear heterosyllabic position (coda)

Initial-word position (onset) vs. .002 <.001 .002 <.001 .045
intervocalic position (onset)

Final-word position (coda) vs. <.001 <.001 <.001 <.001 <.001
post-nuclear heterosyllabic position (coda)

Final-word position (coda) vs. .012 <.001 .380 <.001 .020
intervocalic position (onset)

Post-nuclear heterosyllabic position (coda) vs. <.001 <.001 <.001 .043 .382

intervocalic position (onset)

We can see from table 7 above that the r3 variaiieh tells us about the type of error
in the process that has occurred, also shows eareliff behavior. If the tests are
considered, significant differences occur in all groperties in the four positions. When
therates of the four contexts of study are taken agoount (table 7), it can be observed

that the substitutions in the onset position havebé especially attributed to the

intervocalic position, followed by the final andtial positions, which have very similar

rates. The position with fewer substitutions is plost-nuclearheterosyllabic one. As far
as the assimilations are concerned, they are fomrtde post-nuclear heterosyllabic
position (coda) and, to a lesser extent, in theruaicalic position (onset). Regarding the

deletions, they can be particularly observed in gbst-nuclearheterosyllabic position
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(coda) and, to a lesser degree, in initial posiijonset). Finally, the epentheses are
especially found in initial position (onset) andimal position (coda).

On the multiple comparisons, the p4eal in table 8 indicate that significant
differences occur in most of the combinations, pkéer the following cases:
1) For the comparison between initial-word positi@anset) vs. final-word position
(coda), there are no significant differences incpsses of substitution (p=.642) and
metathesis (p=.549).
i) For the comparison between initial-word pogitiolonset) vs. post-nuclear
heterosyllabic position (coda), there are signiftadifferences in all the processes.
lii) For the comparison between initial-word pasiti (onset) vs. intervocalic position
(onset), there are significant differences infa processes.
iiii) For the comparison between final-word positio(coda) vs. post-nuclear

heterosyllabic position (coda), there are signiftadifferences in all the processes.

intervocalic position (onset), there are no sigaifit differences in the processes of
metathesis (p=.382).
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Table 9. r4: Errors, error rates/cases, and p-Valuthe four contexts.

Context
Onset Coda
rd Type of error p-value Initial Intervocalic ~ Post-nuc. heterc Final
Kruskal-Wallis total mean total mean total mean total mean
errors  rate errors  rate  errors  rate  errors rate
Manner substitution P <.001
361 .03707 31 .01548 173 .02677 277 .05853
Place substitution p <.001
150 .01540 14  .00699 102 .01578 93  .01965
Voicing substitution p <.001
106 .01088 120 .05994 0 0 0 0
Place+manner substitutio p <.001
147  .01509 106 .05294 66 .01021 15 .00316
Voicing+place+manner p <.001
o 11 .00112 1 .00049 13  .00201 42  .00887
substitution
Manner assimilation p <.001
2 .00020 3 .00149 118 .01826 0 0
Place assimilation p <.001
27  .00277 1 .00049 75 .01160 1 .00021
Place+manner p <.001
o 31 .00318 39 .01948 54  .00835 0 0
assimilation
Deletion p <.001
103  .01057 5 .00249 307 .04751 23  .00486
Consonant epenthes p <.001
134 .01376 7 .00349 1 .00015 7 .00147
before target segment
Consonant epenthes p <.001
23 .00236 0 0 1 .00015 64  .01352
after target segment
Consonant epenthes  (in one position)
before target segment ar
40 0.00410 O 0 0 0 0 0

place+manner substitutio

in target segment

It includes the type of errors that recorded peiages above 1% of the total
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Table 10. r.4. p-value from the Games-Howell tesfpbst-hoc multiple comparisons.
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=] N
=] E_,’ & o
Initial-word position © @
(onset) vs. <.001 .435 <.001 <.001 - <.001 - .048 <.001 0%.0
final-word position (coda)
Initial-word position
(onset) vs.
. <.001 .999 .225 434 - <.001 .011 .001 <.001 1.00
post-nuclear heterosyllabic
position (coda)
Initial-word position
(onset) vs.
) i . <.001 .023 <.001 .703 .29 <.001 <.001 .002 <.001
intervocalic position
(onset)
Final-word position (coda)
VS,
. <.001 .736 <.001 <.001 - <.001 - <.001 .166 £.00
post-nuclear heterosyllabic
position (coda)
Final-word position (coda)
Vs,
) ] - <.001 .001 <.001 <.001 - 951 .380 .578
intervocalic position
(onset)
Post-nuclear heterosyllabic
position (coda) vs.
<.001 .102 <.001 .156 <.01 <.001 <.001 <.001 110

intervocalic position

(onset)

(*) indicates that the tests could not be carnatibecause the error process only occurred inoom&o

positions. (-) indicates that the post-hoc testdccmot be carried out because the error procels on

occurred in three positions.

We can observe from table 9 above that the r4 mMariavhich tells us about the

property affected by the error and about the typeerocor in the process that has

occurred, also shows a different behavior in eamfitext. If the tests are considered,

significant differences are given in all the prdps in the four positions. When the

rates of the four contexts of study are examinabll€t9), it is seen that the substitutions

in manner are found both in final position (codadl @ initial position (onset), although
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the rate is slightly lower. With regard to the siths§ons in place of articulation, they
are given in all positions (two codas and one gnsgtept for the intervocalic position.
On the other hand, the substitutions in voicing gnredsubstitutions in manner and place
at the same time are concentrated in the interogabsition. The post-nuclear
heterosyllabic position is the position where massimilations of place, assimilations
of manner and deletions are observed. Assimilatadn®anner and place at the same
time are especially given in intervocalic positidtegarding the epentheses, the two
types examined (epenthesis after the target segrardtepenthesis before the target
segment) here are produced one in initial posifepenthesis before) and one in final
position (epenthesis after).

Regarding the multiple comparisons, fwwalues in table 10 show that
significant differences occur in most of the conaions, except for the following
cases:

1) For the comparison between initial-word positi@anset) vs. final-word position
(coda), there are no significant differences in filrecesses of place substitution
(p=.435).

i) For the comparison between initial-word pogitiolonset) vs. post-nuclear
heterosyllabic position (coda), there are no sigaift differences between the processes
of place substitution (p=.999), place+tmanner sudgin (p=.225), and
voicing+place+manner substitution (p=.434).

lii) For the comparison between initial-word positi (onset) vs.intervocalic position
(onset),there are no significant differences in procesdegoiing + place + manner
sustitution (p=.703) and in manner assimilation.288).

iiii) For the comparison between final-word positio(coda) vs. post-nuclear
heterosyllabic position (coda), there are no sigaift differences in processes of place
substitution (p=.736) and consonant epenthesig®¢hnget segment (p=.166).

(onset), there are no significant differences iocpsses of place assimilation (p=.951),
deletion (p=.380) and consonant epenthesis bedogettsegment (p=.578).

intervocalic position (onset), there are no sigaifit differences in the processes of
place substitution (p=.102), voicing+place+manndrssitution (p=.156), and consonant

epenthesis before target segment (p=.110).
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Discussion

Our data suggest that the four contexts show eifitetypology of errors. In the case of
rl, it is found that the medial coda has a higlorerate, but that, in the final coda, the
error rate is much lower, even lower than in therdeiaitial position (a position not
prone to errors in adult systems). In the casenséts, there is also a factor to consider:
the error rate is low in absolute initial positidit, in contrast, the intervocalic position
presents a high index, like the medial coda, inagy wimilar to that in Davis (1998).
Therefore, we can see here that the initial andiviioal contexts undergo fewer errors
than the medial coda and intervocalic contextstigoconsideration of four contexts
does offer a great explanatory tool when trying@xplain the presence of errors, and it
also modulates the strong tendency to errors amehgdbgical processes in the coda
position. This result demonstrates the appropregerof taking into account the two
perspectives stated in the introduction at the siime, i.e., the more prosodic approach
based on the syllabic position (ito, 1986; GolsmitB90) and the views in which the
phonetic context plays a more significant rolee [i&teriade (1995, 1977, 1999), as well
as Ohala (1990), Browman and Golsdtein (1992) echfier (2004), among others.

In the case of r2, the most evidentimlision is the behavior of the intervocalic
position, which displays a different kind of erfoom the other three positions (word-
initial onset and two types of coda). The distipehavior of the intervocalic position in
relation to onsets and codas is described in KetmoeLle6 (2002) and Bernhard and
Stemberger (2002). In our study, this position emtiates most of the problems
concerning voicing and place-manner at the same.tifthe other three positions
undergo errors that affect the property of manaspécially the final position, followed
by the post-nuclear heterosyllabic and the inipi@sitions) and the property of place
(particularly the post-nuclear position, followeg the final and initial positions with
practically the same rate).

The r3 variable also shows that the cdntethe word seems to be a key factor in
explaining these error processes, because epentieEsirs in two contexts belonging to
two different syllabic positions (word-initial, wtt is onset, and word-final, which is
coda), and assimilation is observed in two pos#i@intervocalic, which is onset, and
medial coda). This indicates that there is notraafirelationship between processes and
syllable position, but between processes and thginsgaof the word. The data rather

show that epenthesis is produced in free segmeneéexis (the left margin of the initial
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context and the right margin of word final; for exale, ['drozo] instead of['rozs]
'rose’), whereas assimilation occurs in word irgkrrontexts (for exampld,ebba]
instead off'erPs] 'grass’). There is a certain logic in seeing thatinfluence of the

segments of a word on other segments is strongamgointo the word than into the
margins.

Epenthesis mainly takes place in wortlahiposition (onset) and word-final
position (coda). This coincidence in the two extesnof the word supports the idea of
epenthesis as a strategy of strengthening, agdglrezted in C6té (2000). The optimum
conditions of margins allow the licensing of segitseaccording to Coté (2000).

Substitutions occur in all four contexasthough the higher rate corresponds to
the intervocalic context. This result would not bepected since this context is
considered optimal from a perceptual and articsyateewpoint (Gick, Campbell, Oh
and Tamburri-Watt, 2006). However, our data shostrang tendency to make use of
substitutions in this position. Bernhart and Stergbe (1998) provide a possible
explanation for that. They claim that although mtealic consonants are onsets, they
are weaker than word-initial onsets, hence, momngrto undergo various kinds of
processes. This idea allows us to take substit®@ creative process related to the
learner's language reduced inventory of segmerlovwing this argument, and as
pointed out above, we believe that substitutionngea unavailable segments into
highly available segments. Then substitution witha the display of system properties
under construction and the principles involvedthis sense, we take substitution to be
more creative than assimilation and deletion. Thaegfing all these factors in mind, we
would like to suggest that intervocalic positionascontext which favors preferred
segments of the sound system that is being built.

Contrary to theories that consider therwocalic position as the optimum one
from a production and perception standpoint, Kiesh(2004) takes it as one of the
positions most likely to undergo lenition. In tluase, the fact that two vowels are the
adjacent segments increases the displacementthatticulators must make to achieve
the production of the target consonant. This dibmats extreme when both the
preceding and the following vowel are low back vitsveThus, the tendency to
minimise articulatory effort is also evident inghgontext. Our data here are compatible
with the idea that intervocalic position is a pmsitthat allows the establishment of a
reduced system, subject to the forces exerteddgrtiiculatory and perceptual systems.
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The rates of r4 distribute the errors into the foointexts. The results obtained in r4 are
consistent with the ideas already outlined in refato the r3 variable: initial and final
contexts present processes of strengthening, whettea context of medial coda
undergoes processes of weakening. Intervocalidiposnvolves some processes that
are clearly differentiated from those found in dbs® initial position. Thus, in this
variable, as in r2 and r3, we see that there are similarities between word-initial and
word-final positions, on the one hand, and medwmlacand intervocalic positions, on
the other, an aspect that is not explained by lsglgosition. This idea supports
Steriade’s proposal (1999), which separates theawbeh of the margins from the
behavior outside the margins.

On the other hand, the multiple compmeanss among the rates of the syllabic
positions show that in most cases significant déffiees occur in the two positions
being compared. In the contexts where no significfferences are given, most of the
differences occur between two positions, one omtlelonging to the syllable onset
and the other to the syllable coda. This fact shihwsmportance of taking into account
the context where the process occurs, apart framsyiable position. And this is so
since the data indicate some parallelisms betwesiiigns that are usually considered
different, such as initial word position or finabvd position; or some differences occur

between two types of coda or between two typesséb

Conclusions
In this paper we have seen that, in the errors aan there are clear strategies
associated with syllable positions, but these esgias are different depending on the
context. For example, the coda position seems vorfaleletion and assimilatory
processes. In Llac{2007), though, we saw that the eventual procebdwiof one type
or another depending on the segment: a plosiveundgrgo a process of assimilation,
whereas a rhotic will most probably suffer a deletiAt the same time, the nature of the
following segment will condition the process undarg. All these facts lead us to say
that, in the phonological analysis of our sampiles,position of the segments within the
word has to be included, in line with Rvachew amdlews (2002).

A comparison between the results of thisly and those of some works on the
acquisition of the sounds in Catalan, like Bosc®8({), Secall and Crespi (1987), De
Ribot (1992) or Aguilar and Serra (2004), cannot dstablished since a different
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classification of processes is used in each casehdse latter, the classification by
Ingram (1976) is applied. Thus, the results presehere, for example, classify various
types of assimilations into generic categoriese(like assimilation in the variable r3),
whereas in other studies those appear in diffecatéegories like frontalization or
plosivization.

In summary, considering the results tdsawe claim that, in order to explain the
processes that take place during the acquisitiongss, it is necessary to bear in mind
the syllable position and other contextual posgiam the word. We have shown the
importance of the properties of the adjacent seg¢snamd the more clarified paradigm
that emerges when the syllable position is brokewrdinto several word-context
positions.

An interesting explanation would be to moge an influence from various factors
at various stages. Thus, the inherent propertighefsegments, followed by adjacent
context, would be a priority when designing thetsys to choose what combinations
could form onsets and codas. Later, the strucforesed (e.g. syllable) could have their
own influence. In fact, these are ideas alreadytimead in Llach (1998) and can also
be found in Blevins (2003) and Wheeler (2005).

Besides the influence of syllable positiand context, other factors must be
analyzed in future works, such as the comparisorthef errors in the two tests
administered (elicitation and repetition), or thgpd of acoustic cues and segments

affected in the processes of error.
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Appendix

Categories of thefour variables analyzed and examples

Variablerl
sound pronounced correctly

presence of phonological or phonetic error

Variabler?2

error affecting voicing
Z-S ['rosalinstead of frozo]

error affecting place of articulation
fos ['sajlinstead of [faj]

error affecting manner of articulation
b-m [fum'bol]instead of[ fub'bol]

error affecting voicing and place of articulation
3-8 [sor'sejlinstead of[ 3or'se]]

error affecting voicing and manner of articulation
p-m [mi'et]instead of pi'et]

error affecting place and manner of articulation
d-1 ['lits]instead of 'dits]

r-d ['dozo]instead of]'rozo]

error affecting voicing, place and manner of atéton

r-k ['pak]instead of] 'par]

t-n ['minso]instead of]'mitso]
Variabler3

substitution

f-s ['sajlinstead of [faj]

assimilation

k-t [trat'to]instead of trok'to]
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deletion

k-0 [u'rim]instead of{ku'rim]
epenthesis

t—tr ['trusko]instead off 'tuska]
ftf ['pantfo]instead of] '‘pan|o]
metathesis

bom [sumba'ri]instead off subma'ri]
—r- [di'yro]instead of{dri'yo]

Variabler4 (includes all categories of the variable)

substitution of voicing
Z-S ['rosslinstead off 'roza]

assimilation of voicing
d-t ['tits]instead of 'dits]

substitution of place of articulation
d-g [ga]l'tolinstead ofda]'to]

assimilation of place of articulation
k-t [fratto]instead of] 'frakts]

substitution of manner of articulation
r-1 ['1ozs]instead off 'roza]

assimilation of manner of articulation
r-1 [tal'la)instead offtor'la]

substitution of voicing and place of articulation
z-0 ['roBs]instead of] 'rozo]

assimilation of voicing and place of articulation
358 [sor'sejlinstead offzor'sg]]

substitution of voicing and manner of articulation
p-m [mi'et]instead of[pi'et]

assimilation of voicing and manner of articulation
m-p ['pitsolinstead of]'mitso]
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substitution of place and manner of articulation
d-r [go'Kera)instead of go'£d9]

3-] ['jerulinstead off'zeru]

assimilation of place and manner of articulation
d-r [ka'rira]instead offka'dira]

substitution of voicing, place and manner of atation
r-t ['mat]instead of]'mar]

assimilation of voicing, place and manner of ataton

b-f [fu'fands]instead of{bu'fands]
elision
k-0 [tro'to]instead of[trok'to]

vowel epenthesis (see cases 33-36)

consonant epenthesis (see cases 21-34)

metathesis by movement of a segment (with or witletisions)
“r- without elision fli'yro] instead of{dri'yo]
—S— with elision  [fos'tamo] instead off[ fon'tazmo]]

metathesis by exchange of a segment
bem [sumba'ri]instead off subma'ri]

substitution by an unidentified segment

substitution of voicing of the target segment angdbsequent consonant
epenthesis
b-pr [pral'kolinstead of{bal'ko]

substitution of place of articulation of the targeggment and subsequent
consonant epenthesis
potr ['trilka]instead off 'pilka]

substitution of manner of articulation of the targegment and subsequent
consonant epenthesis
r-lt ['kolt]instead of] 'kor]

substitution of place and manner of articulationté target segment and

subsequent consonant epenthesis
r- ot ['padt]instead of] 'par]
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no change in the target segment and subsequerdramsepenthesis
r-rt ['kort]instead of] 'kor]

previous consonant epenthesis and no change tartet segment
r-0r [2'8rana]instead offo'rano]

previous consonant epenthesis and substitutiooioing of the target segment
3t [tfor'sej] en lugar de[3or'sg]]

previous consonant epenthesis and substitutionlamfepof articulation of the
target segment
f-ts ['tsajlinstead off 'faj]

previous consonant epenthesis and assimilationeopliace of articulation of the
target segment
3-dz [dzar'sejlinstead offzor'sg]]

previous consonant epenthesis and substitutionasiner of articulation of the
target segment
r-dr ['drozo]instead of 'rozo]

previous consonant epenthesis and substitution latepand manner of
articulation of the target segment
£-d3 ['dzam]instead off'am]

previous consonant epenthesis and substitutioroiafng, place and manner of
articulation of the target segment
K- tf ['tfam]instead of{'Aam]

consonant and vowel epenthesis in the previoustiposand substitution of
manner of articulation of the target segment

r—dor [do'riza]instead of ['riza]

substitution of place of articulation of the targegment and subsequent vowel
epenthesis
n-ne ['mane]instead off'man]

vowel epenthesis by fission of segments
n-jn ['majnlinstead of] 'mapn]

vowel epenthesis by fission of elements in reverse
n-ni ['mani]instead off'man]

substitution of place and manner of articulationté target segment and
metathesis by movement of a following segment
3-dr [dra'sejlinstead of[30r'sej]
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