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In the context of comparing linguistic profiles across neurodevelopmental disorders,

Down syndrome (DS) has captured growing attention for its uneven profile. Although

specific weaknesses in grammatical and phonological processing have been reported,

research evidence on phonological development remains scarce, particularly beyond

early childhood. The purpose of this study was to explore the phonological profiles

of children and adolescents with Down syndrome. The profiles were based on the

frequency and relative proportion of the processes observed by classes, and they were

compared to those of typically developing preschool children of similar verbal age. A

complementary goal was to assess the effect of two different methods of elicitation: a

test of articulation and spontaneous speech sampling. Finally, intergroup and intragroup

differences in full match percentages between three positions at syllable-level (complex

onset, medial coda, and final coda) were assessed. The results of the present study

confirmed that the frequency of phonological processes in children and adolescents with

DS is atypically high and is above what is expected for lexical age and at the same level

as grammatical age. Highly increased frequency of processes, consistent in all kinds

of processes and positions at the syllable-level, and asynchronous with verbal age and

mental age suggest atypical developmental trajectories of phonological development in

the Down syndrome population.

Keywords: Down syndrome, phonological profiles, elicitation methods, atypical language development,

neurodevelopmental disorders

INTRODUCTION

Down syndrome (DS) is a neurodevelopmental genetic disorder, caused by trisomy of
the chromosome 21, and the most common cause of intellectual disability. Individuals
with DS share a unique neuropsychological profile, characterized by a complex pattern
of strengths and weaknesses, which was partially unveiled when compared with other
neurodevelopmental disorders like Williams syndrome (WS) or fragile X syndrome (FXS)
(Bellugi et al., 2000; Roberts et al., 2008; Grieco et al., 2015). However, developmental
emergence of the neurocognitive profile and later trajectories of development in childhood
and adolescence are not yet well-explored and understood (Channell et al., 2014).
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Linguistic skills are particularly impaired in individuals with
DS so they consistently tend to show better performance on
non-verbal tasks than on verbal tasks (Næss et al., 2011).
Different asymmetries are also observed in the linguistic profile:
comprehension is better than expression, and relative strengths
in early vocabulary and pragmatics of social communication
contrast with relative weaknesses in morphosyntactic production
and phonological processing (Chapman, 2006; Diez-Itza et al.,
2019). Although grammar is often pointed out as the most
impaired linguistic domain in DS, studies underscore the
importance of its relationship with phonological disorders,
which in turn have serious implications for communication by
generating significant levels of unintelligibility (Kumin, 2006;
Christodoulou, 2015). Across languages, including for Spanish,
studies report both universal and language-specific patterns in
typical and protracted phonological development (Bernhardt and
Stemberger, 2017).

As in other domains, the debate about delayed or atypical
language development has been raised in DS phonological
research (Thomas and Karmiloff-Smith, 2003; Levy and Eilam,
2013). After a late onset of language in toddlers with DS, it is
discussed whether later development follows the same pathway
as typical development at a slower rate (normalcy approach) or
presents atypical characteristics (neuroconstructivist approach)
(Thomas and Karmiloff-Smith, 2003; Schaner-Wolles, 2004; Levy
and Eilam, 2013).

Interpretation of research results adopt the delay approach
in several studies. Van Borsel (1988, 1996) observed that
children, adolescents and adults with DS and TD pairs showed
similar phonological processes (cluster reduction, deletion
of final consonants, deletion of unstressed syllables, and
consonant substitutions like fronting or devoicing) and types
of errors: omissions, substitutions (place, manner, or voice),
and distortions (nasalized, denasalized, lateralized, aspirated,
labialized, fronted, backed, devoiced, voiced). In the same vein,
Parsons and Iacono (1992) found no evidence to support
the claim of a unique phonological profile in children and
adolescents with DS. They showed a greater number of errors
that are characteristic of both TD children and phonologically-
impaired populations but not specific of DS. Children with DS
in the study of Yousif (2018), despite a delayed onset and a
slower pace of phonological development, appeared to develop
phonology in a similar way to TD children.When compared with
FXS, ASD, and TD children, participants with DS presented the
same classes of phonological processes (consonant omission or
substitution, syllable deletion, and assimilation) than their TD
MA-matched pairs (Barnes et al., 2009).

The disordered approach claims that inconsistent error
patterns, asynchronous phonological development, and
production of rare processes in late development, suggest
atypical profiles in individuals with DS emerging early on the
transition to first words (Dodd, 1976; Roberts et al., 2007; Martin
et al., 2009). Nevertheless, inconsistent production of words
appears to be different from children with phonological disorder
(Dodd and Thompson, 2001). In a study including FXS and TD
children, Roberts et al. (2005) found greater speech delays in
the children with DS and a differentiated phonological profile

with low percentages of word full match. Hidalgo de la Guía
and Garayzábal (2019) defined specific phonetic-phonological
profiles for participants with DS, WS, and Smith-Magenis
syndrome (SMS) based on segmental and syllable structure
phonological analyses. Participants in the DS group showed
a higher frequency of processes at both levels: segmental
(simplification and omission of trills and fronting) and syllable
structure (reduction on complex onsets and nuclei and omission
of codas). Atypical processes more frequent in the DS group
were tap and trills backing, deaffrication, and labial assimilation.

Atypical characteristics of the phonological profile in DS could
be related to working memory (Baddeley and Jarrold, 2007),
and specifically to a phonological loop specific deficit associated
with the absence of spontaneous rehearsal and reduced storage
capacity (Jarrold et al., 2000; Chapman and Hesketh, 2001; Laws
and Gunn, 2004; Vicari et al., 2004).

Assessments of phonological development in DS populations
are mainly based on two elicitation methods: tests of articulation
(Dodd, 1976; Van Borsel, 1988, 1996; Roberts et al., 2005; Rupela
et al., 2010); spontaneous or connected speech (Stoel-Gammon,
1980; Barnes et al., 2009); and sometimes on a combination
of both an articulation test and spontaneous speech (Sommers
et al., 1988; Parsons and Iacono, 1992; Yousif, 2018; Hidalgo
de la Guía and Garayzábal, 2019). Studies indicate a higher
frequency of phonological processes in connected speech, but
only Yousif (2018) reports some evidence. However, the effects
of speech sample sizes and repeated processes in the same
word tokens need to be controlled. It has been suggested
that articulation tests provide sufficient and representative
information for phonological assessment although phonotactic
probability and word length should be controlled (Masterson
et al., 2005; Edwards and Beckman, 2008). However, the validity
of conversational speech samples providing a wider analytical
perspective for optimal measures of speech performance has
also been underscored (Shriberg and Kwiatkowski, 1980, 1985;
Morrison and Shriberg, 1992).

Objectives
The main objective of the present study is to explore the
phonological profiles of a group of Spanish-speaking children
and adolescents with Down syndrome, and to compare them
with those of a group of typically developing preschool children
of similar verbal age range. In order to fulfill the additional
objective of comparing methods of phonological assessment,
the oral production samples of words for the analyses were
obtained using two elicitation methods: a test of articulation and
spontaneous speech. Based on previous studies, it is hypothesized
that frequency of phonological processes will be lower than
expected for verbal age in the Down syndrome group and that
the articulation test will be more demanding (i.e., sensitive) due
to increased complexity of targets.

The specific objectives are: (1) to compute frequency of
phonological processes and to compare intergroup differences
in total frequency, and the profiles of frequency of processes by
classes: Syllable structure, Substitution, Omission, Assimilation,
and Addition; (2) to determine the effect of the assessment
method on frequency of processes, and the effect of interaction
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between elicitation method and group; (3) to assess the profiles
of relative frequency of processes (proportion) by class as a
function of group and method, in search for atypical features
in the phonological profile of individuals with Down syndrome;
and (4) to analyze the differences in the proportion of matches at
three positions at the syllable-level: complex onset (tautosyllabic
consonant clusters), word-medial coda (C1 in heterosyllabic
consonant clusters), and word-final coda.

METHOD

Participants
The participants were 24 children and adolescents with Down
syndrome (Age-M: 13.9; range: 7 years; 1 month−19 years; 1
month; Verbal Age-M: 4.3; range: 3 years; 9 months−5 years; 9
months), clinically diagnosed and tested for full trisomy 21; and
52 typically developing preschool children (Age-M: 4.1; range: 3
years−5 years; 4 months); all of them were monolingual speakers
of Spanish from middle-class backgrounds and gave informed
consent to participate in the study. The criterion for inclusion
in the DS group was a sufficient verbal ability to engage in
conversation, and in the TD group it was the absence of language
problems or protracted development. Verbal age in the DS group
was calculated as a composite of lexical age, obtained from
Peabody Vocabulary Test (PPVT: Lexical age-M: 5.8; range: 5
years−7 years; 11 months), and a grammatical age estimate based
on MLU age stages (Levy and Eilam, 2013) (Grammatical age-M:
2.9; range: 2 years; 6 months−3 years; 6 months).

The Down syndrome group (DS) and the Typical
Development group (TD) were divided into four subgroups by
method of elicitation (AT: articulation test vs. SS: spontaneous
speech): DS-AT (seven females/five males) (Age-M: 14.4;
range: 10 years; 4 months−18 years; 9 months); DS-SS (seven
females/five males) (Age-M: 13.5; range: 7 years; 1 month−19
years; 1 month); TD-AT (eight females/four males) (Age-M: 4.1;
range: 3 years−5 years; 4 months); TD-SS (20 females/20 males)
(Age-M: 4.2; range: 4 years−4 years; 4 months).

The TD-AT group was further divided into three age groups
of four children: TD-AT3 (Age-M: 3.1; range: 3 years−3 years;
2 months); TD-AT4 (Age M: 4.1; range: 4 years−4 years; 3
months); and TD-AT5 (Age M: 5.2; range: 5 years−5 years;
4 months).

Instruments and Procedures
Phonological assessment was based on the oral production
of word types collected using two methods of elicitation: (1)
a test of articulation (TA) (Prueba de Fonología en Español-
PFE: Bernhardt et al., 2016); (2) transcription and analysis of
spontaneous speech (SS). The PFE was administered individually
by two investigators in the context of speech therapy sessions
and was audiotaped. During the test, if the children did not
produce spontaneously a target-word after being shown the
picture, they were given a choice between two words and, if they
still failed, a direct repetition of the word was elicited in order
to assess all the items. The PFE contains 100 items (pictures
to name), including nouns and verbs of diverse length, stress,
and syllable structure. They were transcribed in the International

Phonetic Alphabet (IPA) (International Phonetic Association,
2018) and analyzed with the tools of the Phon Project (Rose
and MacWhinney, 2014). Using the program Phon 3.1 (Hedlund
and Rose, 2019) the words were introduced in independent
records, building a corpus for each participant with the audio
and the orthographic and phonetic transcripts of the words
(IPA target and IPA actual). The investigators who administered
the test made independent transcriptions with a high level of
agreement (99.5%); discrepancies were solved by the principal
investigator, a total of 995 processes were analyzed and only three
words were considered unintelligible. The spontaneous speech
samples were obtained from recorded dyadic conversations in
naturalistic settings between the children and an investigator,
and then transcribed and analyzed with the CLAN programs
of the CHILDES Project (MacWhinney, 2000). A transcription
agreement of 99.5% was reached following the same procedure as
in the articulation test, a total of 3,736 processes were analyzed
and 44 words were considered unintelligible.

Data Analysis
The dependent variables of the study were: (i) Frequency
of phonological processes: total and by classes; (ii) Relative
distribution (percentage) of phonological processes by classes;
(iii) Full match of phonemes (percentage) at different positions
in syllable structure: complex onset, medial coda and final coda.

Phonological processes were analyzed and categorized into
one of the following classes (Diez-Itza et al., 2001): Syllable
structure, Substitution, Omission, Assimilation, and Addition.
Syllable structure processes include patterns of substitution and
omission in complex onsets, complex nuclei, and codas at the
syllable-level; whole syllable omission; metathesis; coalescence;
and epenthesis. Substitution andOmission processes refer only to
patterns affecting consonants and vowels serving as simple onsets
and simple nuclei.

In order to control for the covariant effect of the size
of spontaneous speech samples, frequency of phonological
processes (total and by classes) was expressed through a
Phonological Processes Index (PPI) (number of processes over
100 word types), obtaining quantitative profiles of groups. In
spontaneous speech samples, only processes affecting different
word types were taken into account. Relative distribution of
processes by classes in percentage was also calculated for each
subgroup in order to obtain qualitative profiles of groups (i.e.,
independent of absolute frequency of processes), and to assess
the possible atypical distribution of processes in the Down
syndrome group. The program Phon 3.0 (Hedlund and Rose,
2019) provided percentages of Full match of phonemes at
different positions in syllable structure: complex onsets, codas
(medial and final).

Differences in frequency (PPI) and relative distribution
(percentage) of processes (total and by classes) were assessed with
2×2 two-factor ANOVA’s of group [DS,TD] × Method [AT,SS],
including statistical power analyses. Independent one-factor
ANOVA’s were conducted to assess differences in frequency of
processes between the DS-AT group and TD-AT age subgroups.
One-factor multivariate ANOVA’s of subgroups [DS-AT, DS-SS,
TD-AT, TD-SS] allowed for post-hoc comparisons with Tukey’s
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TABLE 1 | Phonological processes index (total and by classes) means and standard deviations for groups and methods, 2×2 ANOVA F values, effect size, and power of

tests.

DS (n = 12/12) TD (n = 12/40) F p d 1–β

PPI total 50.18 (24.40) 18.34 (20.88)

Articulation test 54.50 (16.98) 28.41 (24.40) 13.27 0.000 1.48 1.00

Spontaneous speech 45.87 (30.26) 15.32 (19.01)

PPI syllable structure 27.44 (13.76) 9.79 (11.52)

Articulation test 27.08 (13.00) 15.16 (12.90) 12.52 0.000 1.45 1.00

Spontaneous speech 27.80 (15.05) 8.18 (10.73)

PPI substitution 15.33 (9.54) 6.06 (8.66)

Articulation test 22.08 (4.68) 8.58 (8.97) 13.24 0.000 1.49 1.00

Spontaneous speech 8.42 (8.15) 5.35 (8.55)

PPI omission 3.86 (5.86) 0.76 (0.99)

Articulation test 1.50 (1.78) 1.16 (1.03) 10.09 0.000 1.30 0.99

Spontaneous speech 6.23 (7.51) 0.64 (0.96)

PPI assimilation 2.25 (1.96) 0.75 (0.97)

Articulation test 2.50 (2.02) 1.25 (1.42) 7.75 0.000 1.14 0.98

Spontaneous speech 2.00 (1.96) 0.60 (0.75)

PPI addition 1.36 (1.25) 0.93 (1.66)

Articulation test 1.33 (1.56) 2.25 (2.93) 4.90 0.004 0.90 0.89

Spontaneous speech 1.40 (0.91) 0.53 (0.70)

PPI, Phonological processes index; DS, Down syndrome group; TD, Typical development group; d, Cohen’s effect size; 1–β, Power of test.

HSD. Intergroup and intragroup Full Match differences in
position at syllable-level were assessed with independent samples
t-tests. Effect size was estimated using Cohen’s d calculated with
the tools provided in Lenhard and Lenhard (2016).

RESULTS

Table 1 reports the results of the ANOVA’s of two factors:
group [Down syndrome, Typical Development] × method
[Articulation test, Spontaneous speech], conducted to assess
differences in frequency of processes as expressed by a
Phonological Processes Index (PPI) (Total and by Classes
of processes: Syllable structure, Substitution, Omission,
Assimilation, and Addition). It also includes frequency of
processes (PPI) means and standard deviations for each
group (Down syndrome, Typical Development) and method
(Articulation test, Spontaneous speech). ANOVA’s report
statistically significant results on total frequency of processes
(PPI total) and in all classes of phonological processes.

The ANOVA for Total frequency of processes showed a main
effect of group [F(1, 75) = 24.78; p < 0.001; d = 1.17], such that
the Down syndrome group presented a significantly higher index
of phonological processes. ANOVA’s for the different classes
of processes yielded the following main effects and interaction
effects: for Syllable structure processes, a main effect of group
[F(1, 75) = 24.40; p < 0.001; d = 1.16], indicating that the
frequency of Syllable structure processes was significantly higher
in the DS group; for Substitution processes, a main effect of
group [F(1, 75) = 15.30; p < 0.001; d = 0.92], a main effect of

method [F(1, 75) = 15.90; p < 0.001; d= 0.94], and an interaction
effect of group x method [F(1, 75) = 6.07; p = 0.016; d = 0.58],
which indicate that the frequency of Substitution processes was
significantly higher in the DS group and in the Articulation test
condition, and that the effect of method was greater in the DS
group; for Omission processes, a main effect of group [F(1, 75) =
13.09; p = 0.001; d = 0.85], a main effect of method [F(1, 75) =
6.60; p = 0.012; d = 0.61], and an interaction effect of group x
method [F(1, 75) = 10.31; p = 0.002; d = 0.76], indicating that
the frequency of Omission processes was significantly higher in
the DS group and in the Spontaneous speech condition, and
that the effect of method was greater in the Down syndrome
group; for Assimilation processes, a main effect of group [F(1, 75)
= 14.06; p < 0.001; d = 0.88], which reveal that the frequency
of Assimilation processes was significantly higher in the DS
group; for Addition processes, a main effect of method [F(1, 75)
= 4.79; p = 0.032; d = 0.51], and an interaction effect of group
x method [F(1, 75) = 5.598; p = 0.021; d = 0.557], showing that
the frequency of Addition processes was significantly higher in
the Articulation test condition and that the effect of method was
higher in the Typical development group.

Independent one-factor ANOVA’s were conducted with the
aim of analyzing differences in frequency of processes [PPI total]
in the Articulation test condition between the Down syndrome
group (M = 54.50; SD = 16.98) and the Typical Development
age subgroups: 3 years (M = 57.50; SD = 15.80); 4 years (M =

21.25; SD= 8.38); and 5 years (M= 6.50; SD= 5.20). Significant
differences were observed between the Down syndrome group
and the subgroups of 4 years [F(1,15) = 13.72; p = 0.002; d =

1.98] and 5 years [F(1,15) = 29.74; p< 0.001; d= 2.92], indicating
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TABLE 2 | Subgroup differences in frequency of processes (PPI) and HSD Tukey post-hoc contrasts.

DS vs. TD AT vs. SS

PPI SS vs. SS AT vs. AT SS vs. AT AT vs. SS DS vs. DS TD vs. TD

Total 30.54*** 26.08* 17.45 39.17*** 8.62 −13.09

Syllable Structure 19.61*** 11.91 12.63 18.89*** −0.72 6.97

Substitution 3.06 13.50*** −0.16 16.72*** 13.66*** 3.22

Omission 5.59*** 0.33 5.07*** 0.85 −4.73** 0.52

Assimilation 1.40* 1.25 0.75 1.89*** 0.49 0.64

Addition 0.86 −0.91 −0.84 0.79 −0.06 1.71**

PPI, Phonological processes index; DS, Down syndrome group; TD, Typical development group; AT, Articulation test; SS, Spontaneous speech.

CI: 95%; *p ≤ 0.05; **p ≤ 0.01; *** p ≤ 0.001.

that frequency of processes in the Down syndrome group is
similar to that found in three-year-old children. Thus, frequency
of processes in the Down syndrome-Articulation test group is at
the expected level for “grammatical age” (M= 2.9), but under the
expected level for “lexical age” (M= 5.8).

Table 2 reports one-way Multivariate ANOVA of differences
between groups in frequency of processes (total and by classes)
and statistically significant Tukey’s HSD post-hoc contrasts.

To assess differences in relative frequency of processes (total
and by classes), i.e., proportional distribution of processes in
percentage terms, a multivariate ANOVA of two factors was
conducted: group [Down syndrome, Typical Development] ×

method [Articulation test, Spontaneous speech]. One participant
in the TD-AT group was not included because he did not present
any process. ANOVA’s for the different classes of processes
yielded the following main effects and interaction effects: no
main effects of group; for Substitution processes, a main effect of
method [F(1,74) = 9.59, p = 0.003; d = 0.74], and an interaction
effect of group x method [F(1,74) = 13.94, p < 0.001; d = 0.89],
indicating higher percentage of Substitution processes in the
Articulation test than in Spontaneous speech, and that the effect
of method was higher in the DS group: for Syllable structure
processes, an interaction effect of group x method [F(1,74) =

4.95, p = 0.029; d = 0.56], reflecting an increased proportion of
Syllable structure processes in the Typical development group.

Figure 1 represents the profiles of relative frequency of
processes by classes (in percentages) for each group. It shows
both DS subgroups independently (DS-AT and DS-SS) while
the whole TD group is represented, since post-hoc subgroup
comparisons with Tukey’s HSD did not show differences between
TD subgroups (TD-AT and TD-SS). A one-factor ANOVA with
the three groups (TD, DS-AT, and DS-SS) was then carried
out and revealed differences between the groups only in the
proportion of Substitution processes [F(2,74) = 10.00; p < 0.001;
d = 1.05]. Post-hoc subgroup comparisons with Tukey’s HSD
showed significant differences in the proportion of Substitution
processes between the TD group and both DS-AT subgroup
(difference of Means = −13.2; p = 0.020) and DS-SS subgroups
(difference of Means= 14.0; p= 0.012); significant differences in
proportion of Substitution processes were also found between DS
subgroups (difference of Means= 27.3; p< 0.001). Furthermore,
a tendency was observable, that the DS-SS subgroup presented a

FIGURE 1 | Profiles of relative frequency of processes (in percentages) by

classes (SYS, Syllable Structure; SBT, Substitution; OMI, Omission; ASM,

Assimilation; ADD, Addition) for DS subgroups (DS-SS, Spontaneous Speech;

DS-AT, Articulation Test) and TD group.

higher proportion of Syllable Structure and Omission processes
than the TD group in line with absolute frequency (PPI) results;
that the DS-AT subgroup presented a lower proportion of
Syllable Structure and Omission processes than the TD group;
that proportion of Assimilation processes was similar in the three
groups; and that proportion of Addition processes was lower in
both DS subgroups than in the TD group.

Table 3 reports means and standard deviations of Full Match
(in percentage) in complex onsets and coda positions (Medial
codas, Final codas), and the results of independent samples t-
tests conducted to assess differences between the DS group and
the TD group in the Articulation test. There were significant
differences in Full Match percentages both in Total and in each
coda position, while the difference in complex onset positions
failed to reach significance. Additional independent samples
t-tests were conducted to assess intragroup differences in Full
match percentage between positions (complex onsets, codas,
medial codas, final codas). Within the Down syndrome group,
the following significant differences between positions were
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TABLE 3 | Full match percentage in complex onset and coda positions, t-test values and Cohen’s d effect sizes.

Full match DS (n = 12) TD (n = 12) t p d

Complex onsets 51.5 (24.07) 66.7 (29.86) 1.37 0.184 0.56

Codas 70.2 (14.13) 87.6 (8.97) 3.61 0.002 1.47

Medial codas 61.6 (16.49) 82.0 (13.59) 3.31 0.003 1.35

Final codas 79.2 (17.58) 95.3 (4.10) 3.10 0.009 1.26

Total 63.8 (14.48) 80.6 (15.00) 2.80 0.010 1.14

DS, Down syndrome group; TD, Typical development group; d, Cohen’s effect size.

observed: Complex onsets vs. Codas [t(23) = −2.80; p = 0.017;
d = 0.89]; Complex onsets vs. Medial codas [t(23) = −1.96; p
= 0.076; d = 0.47]; Complex onsets vs. Final codas [t(23) =

−3.13; p = 0.010; d = 1.28]; and Medial codas vs. Final codas
[t(23) = −3.21; p = 0.008; d = 1.03]. Similar differences were
found within the TD group: Complex onsets vs. Codas [t(23) =
−3.03; p = 0.011; d = 0.79]; Complex onsets vs. Medial codas
MCOD [t(23) = −2.34; p = 0.039; d = 0.59]; Complex onsets
vs. Final codas [t(23) = 3.67; p = 0.004; d = 1.02]; and Medial
codas vs. Final codas [t(23) = −3.90; p = 0.002; d = 1.10].
These results suggest that syllable structure positions have an
effect on phonological production in both groups: Full match
is significantly lower in complex onset positions (i.e., it is the
most difficult position), and it is significantly higher in Final coda
positions than in Medial coda positions (i.e., final coda is the
easiest position).

DISCUSSION

The results of the present study confirmed that the frequency
of phonological processes in children and adolescents with DS
is atypically high and is above what is expected for lexical
age and at the same level as grammatical age. However, the
percentage distribution by classes of processes (syllable structure,
substitution, omission, assimilation, and addition) was not
significantly different from that observed in children with DT
of similar verbal age. As for typical development, the most
difficult position at syllable-level is complex onset while coda
in final position is the easiest one. The elicitation method
based on the articulation test generated a higher frequency of
processes, but it did not seem to affect the profiles of children
with typical development. Instead, it determined fewer syllable
structure and more substitution processes in the children and
adolescents with Down syndrome. Although the results are not
conclusive about simply delayed vs. disordered phonological
profiles, highly increased frequency of processes, asynchronous
with verbal age and mental age, suggests atypical developmental
trajectories of phonological development in the Down syndrome
population. Future studies should combinemethods and perform
more detailed analyses of atypical phonological processes in
DS, which is crucial to design interventions that improve social
communication by increasing intelligibility.

The purpose of the study was to explore the phonological
profiles of children and adolescents with Down syndrome. The
profiles were based on the frequency and relative proportion of

the processes observed by classes, and they were compared to
those of typically developing preschool children of similar verbal
age. A complementary goal was to assess the effect of two different
methods of elicitation: a test of articulation and spontaneous
speech sampling. Finally, intergroup and intragroup differences
in full match percentages between three positions at syllable-level
(complex onset, medial coda, and final coda) were assessed.

Profiles based on the assessment of frequency of processes
over 100 word types (PPI) showed a significantly higher number
of phonological processes in the DS group, and consequently
phonological development would be below expectations for
verbal age. This finding is consistent with previous research
suggesting that phonology is an area of special weakness in
the speech production of individuals with DS from early on in
development (Kent and Vorperian, 2013). When assessed with
the articulation test, frequency of processes was similar in the
DS group and the subgroup of TD 3-year-olds, while it was
significantly higher in the DS group than in both groups of
older TD preschoolers (4- and 5-year-olds). Thus, phonological
development in the DS group would be more in agreement with
grammatical verbal age, which usually corresponds to a MLU<3
in that population (Diez-Itza et al., 2019), than with lexical
verbal age. The present study suggests a phonological-lexical
asynchronous development which could be partially explained by
phonological memory deficits (Laws and Gunn, 2004). Beyond a
global delay of language development in the early stages, Iverson
et al. (2003) reported an additional delay in making the transition
from one- to two-word speech as observed in grammatical
development (Vicari et al., 2000). It appears that phonology fails
to emerge at the expected rate in parallel with vocabulary growth
(Jackson-Maldonado et al., 2019).

The profiles of frequency of processes by classes showed
quantitative differences in all classes, except in Addition. These
results were consistent with research reviewed by Stoel-Gammon
(2001). A high frequency of substitution and syllable structure
processes appears to be a characteristic of DS compared to
other neurodevelopmental genetic disorders (Barnes et al., 2009;
Hidalgo de la Guía and Garayzábal, 2019). A relative low
proportion of Addition processes in Down syndrome had been
previously reported by Van Borsel (1996), which could be
explained by reduced short-term memory span. In the DS group,
accumulated frequency of assimilation, omission and addition
is still high (7.6/100 types) compared to the TD group (2.5/100
types), which might indicate that both groups are at different
stages of late phonological development (Diez-Itza et al., 2001).
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As expected, relative frequency of processes in DS and TD groups
showed similar qualitative profiles.

Effects of elicitation methods arose at class level, indicating
higher sensitivity of the articulation test to substitution and to
addition. This may be explained by target word types in the AT
having more complex features, such as length or low frequency.
Inversely, spontaneous speech favors the use of active vocabulary
and less complex words, i.e., shorter and more familiar. As it
would be expected in that case, individuals in the DS group
were more adversely affected by increasing complexity of targets.
Yousif (2018) found the inverse effects of elicitation methods
which may be related to the method of counting, which was
reduced to word types in the present study. The TD group
showed an increased tendency to addition when assessed with
the AT, which would not be expected in the DS group especially
prone to reduce the length of words. In fact, results revealed
an effect of elicitation method on omission, with spontaneous
speech showing higher sensitivity to omission in the DS group.
In this case, short unstressed function words, phonotactically
placed in medial position in connected speech, pose additional
difficulties to individuals in the DS group.

Position at syllable-level was also a source of variability.
Percentage of full match (FM) was significantly higher in the
DT group. However, differences were neutralized at the complex
onset position. Pérez et al. (2018) observed lower full matches of
tautosyllabic consonant clusters (complex onsets) in 5-year-olds
with protracted phonological development (PPD) than children
and adolescents with DS in the present study. On the other
hand, they report for Chilean TD children from between 3 and
5 years of age match percentages averaging 60–70%, which is
consistent with the percentages observed in the present study. In
turn, Vergara et al. (2020) found higher matching percentages
in Chilean TD 4-year-olds. Results on medial codas can be
compared with percentage of matches in heterosyllabic groups
(C1 being a medial coda) from the study by Bernhardt et al.
(2015): TD children between 3 and 5 years of age showed
FM percentages ranging 85–100%, while FM percentages in
children with PPD of similar ages ranged 65–80% in line with
findings in the present study. However, previous comparisons
of phonological profiles of DS with those of children with
phonological disorders yieldedmixed results: Parsons and Iacono
(1992) claimed that phonological processes did not differ from
other phonologically-impaired populations, while inconsistent
production of words appeared to be different from children with
phonological disorder in the study by Dodd and Thompson
(2001).

Concerning the debate on delayed vs. disordered phonological
profiles in Down syndrome, results of the present study might
be diversely interpreted. From the normalcy approach, the
absence of outliers in the relative distribution of processes could
be interpreted as indicative of simply delayed developmental
trajectories (Schaner-Wolles, 2004). However, a more in-depth
analysis might reveal undetected differences (e.g., complex
onsets as in Vergara et al., 2020). From the neuroconstructivist
approach, the focus should be placed on the developmental
process itself (Thomas and Karmiloff-Smith, 2003). Thus,
different rates of development at different linguistic levels may

indicate distinct pathways or as suggested by Levy and Eilam
(2013): asynchronous means atypical.

Atypically increased frequency of processes raises the question
of unintelligibility (Kumin, 2006), which is also common to
other neurodevelopmental disorders (Barnes et al., 2009). Results
of the present study suggest low levels of speech accuracy
in children and adolescents with DS, and therefore a need
to assess and treat speech comprehensibility as a functional
outcome of language intervention (Yoder et al., 2016a,b).
Speech and motor-speech disorders are also present in some
populations with acquired or degenerative impairments (e.g.,
Traumatic brain injury, Cerebrovascular accident or Dementia),
affecting communication and social cognition (Geraci et al.,
2010). Assessing phonological profiles might thus be important
to plan specific speech interventions in the context of
rehabilitative neuropsychology.

The limits of this study come primarily from no controlled
individual differences that could account for significant
percentages of the variance observed, especially in individuals
with Down syndrome. A larger number of participants would
have been necessary to minimize these differences, especially in
the subgroups with Down syndrome. Nevertheless, this was a
small-scale exploratory study and confidence in the conclusions
drawn from the results is enhanced by effect size and statistical
power estimates. Particularly, individual differences might have
affected the results on the effect of elicitation methods given
that different groups were assessed with different methods.
Future research focused primarily on the effects of methods of
elicitation should include intra-group designs. While articulation
tests provide more controlled context for the assessment, it
is always necessary to refine analyses in spontaneous speech,
which is more valid and naturalistic but more difficult to
conduct (Tomasello and Stahl, 2004). Phonological analysis
of processes was limited to broad classes and percentages of
full match in some positions at syllable level. A more in-depth
study would be needed to assess specific characteristics and
processes. To this end, the Phon program could provide detailed
automated analyses.
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