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ABSTRACT ARTICLE HISTORY
The efficiency of intervention for children with speech sound disorder Received 28 September 2020
may be influenced by linguistic complexity of the phonological inter- Revised 23 May 2021

vention target. Complex targets, particularly, later-acquired, less- Accepted 24 May 2021
known consonants and consonant clusters, have been linked to KEYWORDS
greater post-intervention generalization to untargeted phonological Phonological disorder:
structures. Yet there is little direct evidence to support target selection speech sound disorder;
based on linguistic complexity for Spanish-speaking children with Spanish; bilingual;
speech sound disorder. This intervention study utilizes an experimen- intervention; treatment
tal single-case design to examine the efficacy of intervention in

Spanish using different complex targets (i.e. /gc/, /be/, and /1/). For

each of the four Spanish-speaking children with speech sound disor-

der, sounds at 0% accuracy during baseline were monitored across the

baseline period, during and post-intervention, and at one- and two-

month follow-up visits. Over the course of intervention, only one

participant achieved mastery of the targeted structure in practiced

words. However, all participants demonstrated some amount of broad

phonological generalization to untargeted consonants or clusters.

Variable learning trajectories and broad phonological generalization

are discussed as they relate to participant characteristics and linguistic

complexity.

Introduction

The heterogeneous population of children with communication impairments requires
access to equitable, evidence-based, and efficient interventions so that they are prepared
for better language outcomes and academic success (Almost & Rosenbaum, 1998; Law et al.,
2004). Spanish is the second most widely spoken native language in the world, surpassed
only by Mandarin (Ferndndez Vitores, 2017), yet there is a paucity of research available to
support intervention decisions for Spanish-speaking children with speech sound disorder
(SSD), one of the most prevalent categories of communication disorders in young children
(Law et al., 2000). In short, our evidence base for speech interventions in non-English
languages is decades behind what has been accumulated for English. In response to this
disparity, we must conduct translational research sampled in a way that is more represen-
tative of the diversity of children with SSD to provide evidence-based guidelines for speech
intervention in Spanish and other non-English languages.
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Converging evidence, primarily from populations of monolingual English speakers with
various communication disorders, has indicated an advantage in the efficiency of interven-
tions which target more difficult, challenging, or complex components of language (e.g.
Gierut, 1999; Thompson et al., 2003; Van Horne et al,, 2017). For children with SSD, this
type of intervention target selection has been referred to as a complexity or complexity-
based approach. Evidence supporting a complexity-based approach (e.g. Elbert et al., 1984;
Gierut, 1990, 1998a, 1999; Gierut & Morrisette, 2012; Gierut et al., 1996; Pagliarin et al.,
2009; cf. Rvachew & Bernhardt, 2010) suggests that the optimal intervention target is a
phonological feature, contrast, or structure that is typologically less common across lan-
guages (e.g. Ladefoged & Maddieson, 1996), later developing in children (e.g. McLeod &
Crowe, 2018), and less known by the individual (e.g. Gierut et al., 1987). These targets are
thus linguistically complex as well as relatively complex for a given child (Gierut, 2007).
This approach is motivated by implicational relationships that explain cross-linguistic
tendencies for phonological systems with given complex structures to obligatorily also
include or imply certain simpler structures (e.g. Ladefoged & Maddieson, 1996). This, in
conjunction with principles of language learnability (Pinker, 1984), provides a framework
for the observation that intervention targeting such complex structures tends to result in
broad, across-class generalization to untargeted sounds (Gierut, 2007). In other words,
children trained with complex exemplars may demonstrate improvement beyond the
targeted structure, specifically in related structures of similar complexity and cascading to
other less complex structures.

Paradigms for implementing a complexity-based speech intervention (e.g. Baker &
Williams, 2010; Storkel, 2018) commonly target relatively late-acquired singleton conso-
nants (e.g. /l/, /s/ in English) or consonant clusters (e.g. /fl/, /st1i/in English). Relative
complexity among clusters has been associated with sonority, a phonological construct
correlated with acoustic intensity (per the sonority sequencing principle; Clements, 1990;
Parker, 2002), such that clusters with a smaller sonority distance between consonants are
less frequently occurring and more complex. As highlighted, most of the evidence base for
complexity-based target selection has been limited to monolingual English-speaking chil-
dren. However, linguistic complexity is a language-general phenomenon, with some lan-
guage-specific idiosyncrasies. Thus, the general principles that have guided the existing
research with English-speaking children should apply to speakers of other languages (Watts
& Rose, 2020). This has been generally attested in two case studies targeting complex
clusters in Spanish (Anderson, 2002; Barlow, 2005) and investigations with Portuguese-
speaking children (Barberena et al., 2015; Ceron et al., 2013; Mota et al., 2007; Pagliarin
et al., 2009; Pereira & Mota, 2002). However, the language-specific characteristics of Spanish
phonology mean that ideal complex targets for achieving broad generalization in Spanish
will not be identical to those of English (e.g. Cataiio et al., 2009).

Spanish phonology diverges from English phonology in many areas relevant to complex-
ity-based target selection. For instance, even for cross-linguistically similar phonemes, such
as /1/ or /s/ in English and Spanish, age of acquisition can differ substantially (McLeod &
Crowe, 2018), and this may relate to the relative complexity of those segments within each
language. Furthermore, English and Spanish differ in their repertoires of permitted con-
sonant clusters. English permits many onset clusters with up to three elements (e.g. /spl/),
whereas Spanish has a more limited distribution of two-element onset clusters (e.g. /pl/).
Importantly, more than half of the potential consonant clusters in Spanish are consonant
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+glide clusters (e.g. /bw/, /fj/) (Real Academia Espafiola, 2011), and the status of these
sequences as “true” branching onset clusters in Spanish is debated (Barlow, 2005; Harris,
1983; Senturia, 1998). Highly sonorous glides (e.g. /w/, /j/) have vowel-like properties and
may position in the syllable nucleus in some instances or some languages (Blevins, 1995). In
Spanish, glides that are the second element in a syllable-initial cluster (e.g. /pwente/puente,
“bridge”) have been posited either in the nucleus as part of a diphthong (e.g. Harris, 1983)
or in the onset as part of a consonant cluster (e.g. Senturia, 1998). It may also be the case
that the position of glide segments in syllable structure is dynamic and variable within and
across children during Spanish acquisition (Barlow, 2005). Given conflicting evidence, the
syllable constituency of glide segments in a cluster is not clear, which has implications for
the relative complexity of consonant+glide sequences (for additional discussion of Spanish
phonological complexity, see Barlow, 2003; Cataio et al., 2009).

Despite cross-linguistic differences in the parameters of complexity that would impact
complexity-based target selection, there is little evidence with which to compare phonolo-
gical generalization patterns across potentially complex intervention targets in Spanish or
any language other than English. To support intervention for Spanish-speaking children
with SSD, we must better examine the impact of phonological complexity on intervention
provided in Spanish.

Current study

In this initial study, we employ a single-case experimental design to examine the effect of
speech intervention targeting relatively complex phonological structures in Spanish, includ-
ing complex clusters (e.g. /gr/) and complex singletons (e.g. /1/) in four Spanish-speaking
bilingual children with SSD. Given the paucity of research regarding the phonological
characteristics of intervention targets for SSD in Spanish, we address the following
questions:

¢ Is phonological learning stimulated by intervention targeting relatively complex pho-
nological structures?

e What are the observable patterns of phonological generalization following interven-
tion targeting complex singletons and clusters in Spanish?

e Clinically, we contribute to the limited body of intervention efficacy research for
Spanish-speaking children with SSD and identify individual characteristics and fea-
tures of the intervention targets that may impact a child’s response to this speech
intervention.

Method

This study is part of an NIH-funded clinical trial (clinicaltrials.gov, No. NCT03977701) and
was approved by the Institutional Review Board and Human Subjects Protection Program
at San Diego State University. The study procedures were explained to parents and
participating children in person. Parents then provided written informed consent, and
the children assented to their participation.
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Participants

Four Spanish-English bilingual children (hereafter referenced with pseudonyms), aged 4:1-
5:11, with a phonologically based SSD, also referred to as functional phonological disorder
(Gierut, 1998b), are included in this study as participants from a larger, ongoing interven-
tion study. Participants were recruited by circulating digital and paper fliers at a university
speech-language clinic and to local speech-language pathologists. The participants are first-
language speakers of Spanish living in Spanish-dominant households. Living in the US, they
are also second-language learners of English. All participants had some exposure to English
through acquaintances, siblings, or preschool, and two participants (Jaime and Roberto)
had a parent who was proficient in both Spanish and English. Each participant’s relative
exposure is quantified as a ratio of years (or portions of years) of Spanish exposure to years
of English exposure since birth, as displayed in Table 1. For instance, Marta was exposed to
Spanish from birth (4.1 years) and English for one year in preschool. Her ratio of Spanish:
English exposure at the time of the study was thus 4.1:1 (4.1). That these children are
bilingual is not a focal point of this study, nor is this study an examination of cross-linguistic
intervention effects. Although some exposure to English limits our ability to compare
Spanish and English as discrete linguistic entities, we gain the ability to independently
examine an intervention effect in an understudied group that is more representative of
young Spanish-speaking children in majority English-speaking countries.

The presence of phonological disorder was determined via a converging approach
(Restrepo, 1998), including reported concern with speech development or intelligibility in
Spanish by a parent and the study speech-language pathologist, in addition to the absence of
10 or more Spanish phonemes or consonant clusters from their phonetic or cluster
inventories. Participants had age-appropriate language comprehension in Spanish
(Zimmerman et al., 2012), normal hearing, nonverbal cognition within the normal range
(Roid & Miller, 1997), performance within the normal range on an oral-motor examination,
and no diagnosis of other motor, behavioural, cognitive or neurological impairment at the
time of their participation in the study. Additional participant characteristics are given in
Table 1, and inclusionary and exclusionary criteria are specified in Table 2.

Assessment procedures

The Evaluacién de la Fonologia Espafiola (Barlow & Combiths, 2019) and individualized
subsets of this probe used at baseline and mid-intervention timepoints were the primary

Table 1. Participant characteristics at initial assessment.

PLS-5
Name Age Sex Spa:Eng Exp.* Mat. Ed. AC/EC MLUw Leiter-R PCC-R ICS
Diego 04;09.27 M 6.3 HS 84/87 2.74 11.5 57% 2.1
Jaime 05;11.15 M 3.1 HS 96/107 2.65 14 54% 2.1
Roberto 04;05.20 M 3.1 college 120/115 2.25 16 63% 2.6
Marta 04;01.10 F 4.1 HS 104/87 2.32 1 54% 2.8

Mat. Ed. = maternal education. PLS-5 = Standard scores from the Preschool Language Scales-Fifth Edition Spanish
(Zimmerman et al, 2012). AC = Auditory Comprehension subtest. EC = Expressive Communication subtest.
MLUw = mean length of utterance in words (Spanish). Leiter-R = Scaled scores from the Figure Ground and Form
Completion subtests of the Leiter International Performance Scale-Revised (Roid & Miller, 1997). PCC-R = Percentage of
Consonants Correct-Revised (Shriberg et al., 1997). ICS = Intelligibility in Context Scale (McLeod et al., 2012). ICS is
displayed as total average score (maximum 5).

* Ratio of years of Spanish exposure to years of English exposure since birth.
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Table 2. Inclusionary and exclusionary criteria.

Inclusionary criteria

Language profile

Mexican-US Spanish as first language

Living at home with a native Spanish-speaking caregiver

Phonological disorder

> 10 phonemes or clusters missing from phonetic and cluster inventories
Converging parent and SLP report of speech concern (Restrepo, 1998)

Exclusionary criteria

Receiving other speech/language services
Diagnosis of other motor, behavioural, cognitive or neurological impairment
Binaural hearing screen failure
Atypical oral-motor examination
Leiter-R nonverbal cognition standard score < 77.5
PLS-5 Spanish AC standard score < 77.5

PLS-5 Spanish AC = Preschool Language Scales-Fifth Edition Spanish (Zimmerman et al.,,
2012) Auditory Comprehension subtest. Leiter-R = Leiter International Performance Scale-
Revised (Roid & Miller, 1997) Figure Ground and Form Completion non-verbal intelligence
subtests.

sources of speech production data in this study. The EFE is a picture-based single-word
elicitation probe for phonological analysis designed to sample all consonants, consonant
clusters, and vowels of Spanish a minimum of three times in each permissible word position
(see appendix for word list). To preserve this as a generalization measure, words in the EFE
were never used during intervention. The EFE exists in A and B versions, each with a unique
set of images and cues presented in different orders. Repeated administrations of the EFE
with the same participant alternated between A and B versions. A subset of the EFE target
words was used to create individualized probes for each of the participants’ monitored
sounds, sampling each a minimum of three times. This subset probe was administered at
baseline and mid-intervention sessions, as described in the following section.

Dependent and descriptive variables

For each child, following analysis of their pre-intervention productions from the EFE,
consonant phonemes and consonant clusters produced with 0% accuracy (henceforth 0%-
at-baseline sounds) were monitored across baseline and during and after intervention. Each
participant’s 0%-at-baseline monitored sounds are displayed in Table 4. These monitored
structures provide data for the dependent variable in this study: accuracy of 0%-at-baseline
sounds (Gierut et al., 2015). Monitoring 0%-at-baseline sounds is desirable for measuring
generalized phonological change because these sounds are less likely to improve on their
own in a short period of time (i.e. the 6-week intervention time frame; Dinnsen & Elbert,
1984; Miccio et al., 1999; Powell, 1993; Powell et al., 1991; Sommers et al., 1967). Because
this study examines generalization across the phonological system to untreated structures, it
was critical to identify structures that would remain stable in the absence of intervention
(i.e. <10% variability across baseline sessions; McReynolds & Kearns, 1983). A stable
dependent measure was necessary to isolate an intervention effect by mitigating the con-
founds of time, maturation, and general variability in performance across probes.

There is also precedent for the sensitivity of composite change in accuracy of difficult
sounds as an outcome measure in speech intervention research. These accuracy measures
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may be better differentiators of intervention effects across groups or conditions (Smit et al.,
2018) than traditional global accuracy measures, such as Percentage of Consonants Correct-
Revised (PCC-R; Shriberg et al., 1997). Further, much of the work examining the impact of
complex target selection in treatment of phonological disorders for monolingual English-
speaking children has utilized monitoring of low- or zero-accuracy sounds to establish
baseline stability and operationalize broad phonological growth (e.g. Elbert & McReynolds,
1985; Gierut, 1999; Rvachew & Bernhardt, 2010).

In addition to the experimentally controlled dependent variables derived from each
participant’s subset of 0%-at-baseline sounds, additional measures were derived from the
children’s speech productions or otherwise collected across study phases. These descriptive
measures included accuracy of the intervention target in practiced word (i.e. non-general-
ized learning), phonetic and cluster inventories, PCC-R (Shriberg et al., 1997), and parent
report of intelligibility across contexts (McLeod et al., 2012). All assessment measures are
listed in Table 3.

Experimental design

This study uses an experimental single-case design with multiple baselines (Byiers et al.,
2012; Gierut, 2008; Kratochwill et al., 2010; McReynolds & Kearns, 1983) suited to the study
population and research questions as follows. First, this design does not assume homo-
geneity across participants and is appropriate for intervention research for children who are
highly variable in terms of speech and language use (Shriberg & Lof, 1991). Second, the
design lends itself to multiple measurements and a breadth of data, which are descriptive of

Table 3. Assessment measures by study phase.

Phase Assessment Measure
Pre EFE

Little PEEP

Stimulability

Language sample (Spanish)

Language sample (English)

ICS

PLS-5 Spanish

Hearing screening

Oral/peripheral mechanism exam

Developmental and language history questionnaire

Leiter-R
Baselines 1-4 EFE (monitored subset)
Mid EFE (monitored subset)
Post EFE

Little PEEP

Language sample (Spanish)
Language sample (English)

ICS
1 Month Post EFE
2 Month Post EFE

EFE = Evaluacién de la Fonologia Espafiola (Barlow & Combiths, 2019). Little
PEEP = Shorter Protocol for the Evaluation of English Phonotactics (Barlow, 2012).
ICS = Intelligibility in Context Scale (McLeod et al., 2012). Stimulability = Spanish
stimulability task adapted from Glaspey and Stoel-Gammon (2005). Leiter-R = Leiter
International Performance Scale-Revised (Roid & Miller, 1997). PLS-5 = Preschool
Language Scales Fifth Edition Spanish (Zimmerman et al., 2012).
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Table 4. 0%-at-baseline sound structures monitored for generalization.

Participant Monitored sound structures

Diego [bl, br, dr, fl, fr, gl, gr, kI, kr, pl, pr, tr, lj, Iw, rj, rw, mj, nj, nw, bj, fj, pj, sj, tj, r]
Jaime [br, dr, fr, gr, kr, pr, tr, lw, rj, rw, bw, J w, ]

Marta [bl, br, dr, fl, fr, gl, gr, kI, kr, pl, pr, tr, lj, rj, mw, nj, nw, fj, j w, sj, r]

Roberto [bl, br, dr, fl, fr, gl, gr, kI, kr, pr, tr, Ij, rj, mw, nw, bw, dw, fw, j w, kw, pw, tw, r]

each individual’s response to intervention. Third, participants’ baseline stability within and
across conditions provides a point of reference against which the intervention effect can be
observed. Finally, this design is appropriate in cases where the dependent variable (i.e.
phonological accuracy) is not likely to be reversed after intervention is withdrawn
(Kratochwill et al., 2010) as has been attested in prior intervention research for children
with SSD (Gierut et al., 2015).

Per this design, participants were monitored across four sessions during a baseline period
of no intervention, collectively demonstrating stability of participants’ monitored sets of
0%-at-baseline sounds and their intervention targets in the absence of intervention to be
contrasted with the observed intervention effect over the course of the intervention period
and immediately post-intervention.

Intervention targets and materials

As part of their participation in the larger study, each child was randomly assigned to receive
either a complex singleton or cluster target. Within these constraints, target selection was
based on each child’s phonological system at the pre-intervention assessment. For each child,
consonants or clusters used with less than 30% accuracy were considered potential targets.
This was motivated by prior research which identified 20-30% accuracy as a range of potential
cut-off values, below which functional contrastive use is less likely (Combiths et al., 2019). Of
these potential targets, that which was most complex, according to age of normative acquisi-
tion for singletons (McLeod & Crowe, 2018) and sonority distance for clusters (Clements,
1990), was selected as the participant’s intervention target. In instances where multiple
relatively complex targets were plausible, the structure with the lowest accuracy was selected.
Targets were excluded if they were limited by positional constraints (i.e. /r/). Potential
singleton targets with multiple or complex gestures (i.e. /r/ and /{f/) were also excluded due
to articulatory characteristics that complicate the distinction between singleton and cluster
targets (e.g. Berns, 2013). Following these procedures, the cluster targets /gr/ and /br/ were
selected for Jaime and Diego, respectively. The target /l/ was selected for both Marta and
Roberto." Production accuracy of each participant’s target did not vary more than 10% during
baseline (McReynolds & Kearns, 1983).

Phonological targets were embedded in six words used throughout the intervention (see
appendix for treatment word list). These included three real Spanish words (e.g. grupo
“group”, grano “grain”, and grave “serious/bad”) and three nonwords following the

"Both participants with singleton targets were trained with /I/. This consonant is considered less complex in Spanish relative
to English (McLeod & Crowe, 2018); however, its relative complexity may be different in the unique phonological system of
a bilingual child (Fabiano-Smith & Goldstein, 2010). Nevertheless, it was the least accurate, most complex singleton
available for target selection in both cases.
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phonotactic restrictions for permissible words in Spanish (e.g. graki, gruka, and grema).
Nonwords were included as they have been shown to more readily induce generalization in
children with SSD (e.g. Cummings & Barlow, 2011). Associated with these words were a set
of picture cards, a story embedded with the target words, and a simple toy associated with
each noun. All additional toys and materials nonspecific to the target words were consistent
across participants.

Intervention protocol

Intervention was provided in one-to-one sessions for 45 minutes, three times per week, for a
maximum of six weeks. All intervention was provided by one Spanish-English bilingual
speech-language pathologist and conducted in Spanish following a drill-play format
(Shriberg & Kwiatkowski, 1982) with an imitation phase followed by a spontaneous
phase. Participants completed the intervention by attending 18 sessions or by meeting
performance criterion. Criterion for completion of the imitation phase was 75% accuracy
on the treatment probe across two consecutive sessions. Criterion for the spontaneous
phase was 90% accuracy on the treatment probe across three consecutive sessions (Gierut,
2015).

At the start of intervention, children were oriented to their target with visual, verbal,
tactile, and articulatory cues to achieve stimulability of the target or a close approximation
(Bauman-Waengler, 2008; Secord, 2007). In each session, the clinician attempted to max-
imize the child’s target production attempts (M = 226, SD = 63). During the imitation
phase, productions were elicited in imitation with 1:1 clinician feedback. During the
spontaneous phase, elicitations did not include a verbal model, and spontaneous production
was facilitated. Feedback was intermittent during this phase to allow for self-monitoring
and self-correction (Ertmer & Ertmer, 1998; Shriberg & Kwiatkowski, 1990).

Transcription and analysis

At the beginning of each intervention session, the target accuracy probe was administered,
eliciting each of the child’s target words three times via images displayed on a tablet. No
feedback was provided during the target accuracy probe. Productions in the target accuracy
probe were scored by the clinician as accurate or inaccurate, based only on production of
the target. Thus, age-appropriate production of the targeted singleton or cluster was scored
as accurate and any other production of the target (including complete omission) was
scored as inaccurate, independent of the child’s production of the rest of the word.

All participant productions from the EFE at each timepoint were transcribed online with
narrow phonetic notation by the administering clinician or a Spanish-speaking research
assistant trained in Spanish transcription and recorded onto a Roland Edirol R-09 digital
recorder at a sampling rate of 44,000 Hz for later transcription by a different research
assistant blind to the original transcriptions. Point-to-point interrater reliability for 20% of
each session was 90.4% (e.g. Shriberg & Lof, 1991). Transcriptions were entered in Phon
(version 2.2; Rose & Hedlund, 2017), after which production targets were generated and
aligned to each child’s actual productions. For the purposes of analysis, all onset consonant
sequences, including consonant+glide sequences, were categorized as consonant clusters.
Accuracy for 0%-at-baseline consonants and clusters and PCC-R (Shriberg et al., 1997) were
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generated within Phon. Phonetic and cluster inventories based on a two-time occurrence in
productions from the EFE were generated with the AutoPATT plugin (Combiths et al., in
press).

Results

In this section, we provide the results of the study, beginning with a qualitative description
of intervention components and each participant’s intervention progress in terms of
accuracy with the targeted structure in practiced words. Then, we describe the dependent
variable, which captures broad phonological generalization to 0%-at-baselines sounds, and
provide an estimate of the intervention effect size. Finally, we present additional descriptive
measures of each participant’s phonological system and intelligibility.

Intervention and target accuracy

A retrospective qualitative analysis of intervention sessions according to the phonological
intervention taxonomy proposed by Baker et al. (2018) confirmed that teaching moments
were primarily articulatory-phonetic and phonological in nature, and most sessions
included both. Spoken cues and models were provided in every session, and visual or
gestural models were used in some sessions for all participants. Tactile cues were used
infrequently in some sessions for Diego and Roberto only, as follows: for Diego, finger
tapping or moving two fingers together was used to emphasize the presence of two
components in his cluster target, /br/; for Roberto, the area around the nose was touched
to remind him to produce his target /I/ without nasal airflow.

Children’s production attempts were imitated, elicited without a model, or sponta-
neous, with elicited attempts introduced after the midpoint of intervention. Every
session included production attempts in real words and nonwords, and few production
attempts were made in isolation. Sessions after the midpoint of intervention included
more productions in sentences and conversation. Feedback given by the clinician
following production attempts primarily offered knowledge of results (i.e. correct/
incorrect; e.g. “jasi es el nuevo sonido!” [that’s your new sound!]) or knowledge of
performance (e.g. “la proxima vez con los dos sonidos juntitos” [next time with both
sounds together]). Knowledge of results and performance was given in nearly every
session. Clinician recasts demonstrating an accurate production were also frequent,
occurring in about half of sessions. Only few instances of explicit self-reflective feed-
back were recorded. Finally, session activities combined drill and play, with interactive
reading included after the midpoint of treatment.

Each participant’s performance on the target accuracy probe for each intervention
session is displayed in Figure 1. These data reflect the participants’ production accuracy
of their treatment target, in three productions of each of their treatment words (18 total)
collected at the beginning of each treatment session. One participant, Marta (target /1/), met
performance criteria for completion at session 15. The remaining participants completed 18
intervention sessions and demonstrated considerable variability in their learning of the
targeted structure. Jaime (target /gr/) exhibited large fluctuations, ending at 61% accuracy
with his target. Roberto (target /1/) also fluctuated, falling near or below 10% target accuracy
until session 16 where accuracy rose sharply, ending at 89%. Diego (target /br/) did not
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Figure 1. Intervention target accuracy. Solid line separates baseline sessions (pre-treatment) and treat-
ment sessions. Dashed line indicates the treatment midpoint/phase shift. BL = Baseline session.*
Treatment target accuracy at baseline sessions is derived from productions of each participant’s target
structure in onset position from baseline probes (i.e. not treatment words).

produce any accurate instances of his intervention target until session 9 and completed the
intervention at only 22% accuracy.

Generalization to monitored sounds

Considering each child’s monitored set of 0%-at-baseline singleton consonants and clusters
only, we can conservatively examine patterns of change most attributable to an intervention
effect. Composite accuracy for 0%-at-baseline consonants and clusters is displayed in
Figure 2. Note that all monitored sounds remained stable at 0% accuracy across the baseline
sessions. Jaime demonstrated the largest amount of growth in 0%-at-baseline structures,
although fluctuating considerably. Diego and Marta showed smaller but more consistent
patterns of broad growth. Roberto showed the most delayed pattern of generalization, with
no change in 0%-at-baseline structures at the midpoint of intervention, and some growth
evident at the post-intervention assessment.

Each 0%-at-baseline singleton or cluster for which accuracy changed over the course of
the intervention is displayed in Table 5. Examining individual structures, the greatest post-
intervention growth was observed for consonant+glide clusters, with simpler clusters of
larger sonority distance improving the most. Growth in other classes of sound structures
was either small, transient, or unattested in the monitored set.”

Effect size

To estimate an intervention effect size comparable with similar single-case experimental
designs in clinical phonology, standard mean difference was calculated following Gierut

2It should be noted that the only singleton consonant at 0% accuracy across baselines for any of the children was trill /r/;
thus, the absence of singleton change (excepting Jaime at 1 Month Post) reflects, specifically, unchanged accuracy of trill
Irl.
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Figure 2. Composite accuracy of 0%-at-baseline singleton consonants and clusters. BL = baseline. Dashed
lines indicate the onset of intervention.

Table 5. Accuracy change in monitored clusters.

Name Cluster Pre Mid Post 1 Month Post 2 Month Post
Diego /kl/ 0% (0) 0% (0) 20% (0.18) 0% (0) 0% (0)
/br/ /nj/ 0% (0) 0% (0) 50% (0.35) 0% (0) 50% (0.35)
/nw/ 0% (0) 0% (0) 33% (0.27) 0% (0) 0% (0)
/bj/ 0% (0) 33% (0.27) 0% (0) 33% (0.27) 0% (0)
Jaime /fc/ 0% (0) 33% (0.27) 0% (0) 0% (0) 0% (0)
/gt/ /ke/ 0% (0) 33% (0.27) 0% (0) 0% (0) 25% (0.22)
/bw/ 0% (0) 67% (0.27) 33% (0.27) 67% (0.27) 33% (0.27)
Marta /kl/ 0% (0) 0% (0) 20% (0.18) 0% (0) 0% (0)
N/ /mw/ 0% (0) 0% (0) 33% (0.27) 0% (0) 33% (0.27)
/nj/ 0% (0) 0% (0) 50% (0.35) 50% (0.35) 50% (0.35)
/il 0% (0) 33% (0.27) 0% (0) 33% (0.27) 67% (0.27)
/sj/ 0% (0) 0% (0) 25% (0.22) 50% (0.25) 75% (0.22)
Roberto /kl/ 0% (0) 0% (0) 20% (0.18) 0% (0) 0% (0)
N /pr/ 0% (0) 0% (0) 33% (0.27) 0% (0) 0% (0)

Treatment targets are shown under participant names. Standard errors in parentheses.

et al. (2015), using accuracy of singletons and clusters produced with 0% accuracy at the
pre-intervention assessment and the pooled standard deviation of accuracy of those struc-
tures across baselines (0.19). Standard mean difference permits comparison of the impact of
intervention, across study participants, in a way that accounts for participants’ pooled



230 P. COMBITHS ET AL.

variance as well as individual accuracy change during baseline. Note that this metric does
not exclude those 0%-accurate sounds that were produced with some accuracy during the
baseline sessions (not exceeding +10% change). This was necessary to observe each parti-
cipant’s variance in 0%-accurate sounds across baseline sessions and to determine the
standard deviation of accuracy at baseline, which cannot be zero, as it is the denominator
of the standard mean difference calculation.

The standard mean difference for each participant’s growth in accuracy of their monitored
sounds is shown in Table 6. Jaime demonstrated the largest intervention effect at 8.5, followed
by Diego at 1.5, Roberto at 0.8, and Marta at 0.2. Also included in Table 6 is each participant’s
accuracy during the baseline period for those sounds that were 0% accurate at the pre-
intervention session. Any accuracy improvement to those sounds during baseline is indicative
of pre-intervention variability and potential for growth not attributable to the intervention
and, thus, reduces the standard mean difference effect size. During baseline, Jaime and Marta
showed greater variability in their monitored structures, whereas Diego and Roberto showed
little to no change in accuracy of their monitored structures. Table 6 also displays each
participant’s PCC-R (Shriberg et al., 1997) for comparison with a typical clinical metric.

Inventories

Each child’s phonetic and cluster inventories are shown at pre- and post-intervention
timepoints in Table 7. At the post-session, Marta added [r, dw, kw, mj, nj, and tj],
Roberto added [bj, {j, kj, mj, nj, pj, and sj], and Jaime added [v, ¢, §f; dj, fj, nw, pj, sj, tj,
and tw]. Diego did not add any consonants or clusters at the post-session. Furthermore,
Marta “lost” one non-ambient (i.e. not occurring in the target variety of Spanish) consonant
[?], Roberto lost three non-ambient consonants [I, J; 8], and Jaime lost two non-ambient
clusters [k°l, + w] at their post sessions.

Intelligibility in context scale and parent report

The ICS (McLeod, 2020; McLeod et al., 2012) was completed by a parent of each child at pre-
and post-intervention sessions. The ICS is a subjective intelligibility-rating screener, which
asks the respondent to rate their child’s intelligibility on a 5-point scale for different commu-
nication partners (i.e. parent, immediate and extended family, friends, acquaintances, tea-
chers, and strangers). The average total score for each child increased post intervention.
Roberto’s score increased by 0.57 (pre = 2.57; post = 3.14), Marta’s score increased by 0.58
(pre = 2.75; post = 3.33), Diego’s score increased by 1.15 (pre = 2.14; post = 3.29), and Jaime’s
score increased by 0.79 (pre = 2.14; post = 2.93). Parents’ ratings on the ICS were mostly

Table 6. Standard mean difference effect size and PCC-R.

Name Target Baseline Intervention SMD PCC-R Pre PCC-R Post
Diego /br/ 0.3% 3.2% 1.5 57.2% 64.9%
Jaime /gr/ 3.8% 20.0% 85 54.2% 59.8%
Roberto N 0.0% 1.5% 0.8 63.1% 67.1%
Marta N/ 3.8% 4.2% 0.2 53.7% 60.1%

Following Gierut et al. (2015), standard mean difference was calculated using accuracy of singletons and clusters produced
with 0% accuracy during the pre-intervention assessment and the standard deviation of accuracy in those sounds during
baseline pooled across participants (0.19). Baseline = mean accuracy across baseline sessions. Intervention = mean
accuracy across intervention and post sessions. SMD = standard mean difference.
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Table 7. Phonetic and cluster inventories at pre- and post-sessions.
Name Pre Post

Diego [p,b,t,d kg, mnn, fv,sj,xhts,4,wpB,¥,0, [pbtdkgmnn,fsjixht,wpy,0,l]j
/br/ I, r, ]l

[fw, sw, bw, pw, kw, tw] [fw, sw, bw, pw, kw, tw]
Jaime [p,bt,t",d kg mnn,fsixht,15,wB,y,08, [pbtt,dkgmnn,fvsixt s, wp,y,0,
/gr/ I ]l L, ]l

+w, k I, mw, mj, fw, fl, pw, pl, kw, kj, ki] nw, mj, mw, fl, sj, fw, fj, dj, pw, pl, kl, tj, tw, kw, pj, kj]

[ [
Marta [p, b, t,d, kg7, mnn,fvsj,xhwB,y,06,,j [pbtdkgmnn,fsjixhwpB,y,0,lr,j
N [dj, bw] [nj, mj, dj, dw, kw, tj]
Roberto [p, b, t,d, kg, m,nn, fvs [, i, xt8,4,wB,¥,06, [pbtdkgmnn,fvsixtfwpB,y,0,lr,j
N Ll

[dj, tj] [nj, mj, sj, fj, bj, kj, pjl

Treatment targets are shown under participant names. Singletons or cluster added to the inventory in the post-intervention
session are bolded.

consistent with their report on a post-intervention survey. All participants’ parents indicated
that they noticed improvement in their child’s speech sound production and intelligibility,
except for Diego’s parent, who indicated that she did not notice change. However, she did
report improvement during the 1-month follow-up session.

Discussion

In this study, four Spanish-dominant Spanish-English bilingual children with SSD partici-
pated in a speech intervention targeting complex phonological structures in Spanish. Some
phonological growth was demonstrated by all the children following intervention; however,
there was considerable variation in each child’s learning of the targeted structure and general-
ization to untargeted structures. These findings may support the feasibility of this intervention
for Spanish-speaking children; however, considerable individual variability limits the general-
izability of these findings. Based on standard mean difference, the impact of targeting complex
phonological structure on system-wide generalization was greater for participants who
learned a complex cluster than those who learned a complex singleton, which aligns with
the results of two case studies that have targeted clusters in Spanish (Anderson, 2002; Barlow,
2005). We thus begin to extend the efficacy of an intervention approach that has been shown
to be appropriate for monolingual English-speaking children (Gierut, 1999; Gierut &
Champion, 2001; Gierut et al., 1996) to Spanish-speaking bilingual children.

Individual differences

Although all participating children demonstrated some degree of phonological growth,
there was great variability in their individual responses to the intervention. To facilitate a
discussion of each child’s results, we will summarize the findings for each participant before
reflecting upon potential explanatory factors.

Diego’s intervention target was the complex cluster /br/. Given limited accuracy gains
with his target, acquiring the targeted structure was more challenging for Diego than for the
other participants, including Jaime, who was also trained with a similar complex cluster.
Across the baseline period, his accuracy and speech production patterns were relatively
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stable. Despite achieving only 22% accuracy with the cluster target, his relative stability at
baseline allows his post-intervention generalization to be more confidently attributed to the
intervention, as reflected in a standard mean difference of 1.5, which is higher than the two
children who learned singleton targets and lower than the child who demonstrated greater
success in acquiring the cluster target.

Jaime was trained to produce the cluster target /gr/. In stark contrast to Diego, his
production accuracy in monitored sounds at baseline was markedly variable. He was also
the oldest participant in the study. Although fluctuating, his learning of the targeted cluster
trended upward, peaking at 74% accuracy at session 12. Of all the children, he demonstrated
the most phonological generalization during and immediately post-intervention with a stan-
dard mean difference of 8.5, even after modulating for his variance in accuracy during baseline.

Roberto’s target was the complex singleton /l/. He demonstrated relatively delayed
improvement on his treatment target, despite a singleton target being ostensibly easier to
master than a cluster target (e.g. Rvachew & Nowak, 2001). Despite this, he ultimately
reached a relatively high level of accuracy with his intervention target, surpassed only by
Marta, who was also trained with a singleton target. In keeping with his delayed trajectory in
learning the intervention target, he was also the only participant to demonstrate no general-
ized growth in 0%-at-baseline sounds at the midpoint of intervention. Like Diego, his
variance in monitored accuracy during baseline was very small. He also demonstrated
only limited phonological generalization attributable to the intervention, with a standard
mean difference of 0.8.

Marta’s target was also the complex singleton /l/. She was the youngest participant and
the only one to reach the performance criterion for intervention completion, demonstrating
100% accuracy with her intervention target across three sessions. She was thus the most
rapid and successful in learning the target. She also demonstrated relatively broad phono-
logical growth; however, her standard mean difference was the lowest at 0.2. This may seem
unexpected, but it is attributable to greater variance in her monitored production accuracy
during baseline, which minimizes the amount of phonological generalization, which can be
ascribed to the applied intervention.

Taken together, participating children who demonstrated phonological systems with more
variability in production accuracy of 0%-accurate sounds prior to intervention were also those
that demonstrated the greatest post-intervention phonological growth. After adjusting this
growth for variability during baseline, only a small portion of the observed growth could be
attributed to Marta’s intervention with a singleton target. However, the large amount of broad
phonological growth observed for Jaime, who had a cluster target, still amounted to a
relatively larger effect size, despite attenuating for his variability. The children who were
less variable in their productions did not appear to learn their targeted structures as efficiently
as those who were more variable. This relationship between variability and readiness for
phonological learning is discussed further as a theoretical implication.

Clinical and theoretical implications

One of the goals of this study was to describe patterns of generalization following inter-
vention. Clinically, our understanding of the scope of expected generalization from parti-
cular linguistic structures trained in intervention can support ideal intervention target
selection to maximize improvement in less time (e.g. Barlow & Enriquez, 2008).
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Theoretically, speech acquisition and generalization patterns have been associated with
universal implicational relationships and relative markedness among phonological struc-
tures (Gierut, 2007). It is thus critical that we document phonological generalization
patterns to inform both our clinical and linguistic understanding of target structures,
especially beyond monolingual English speakers.

One observation that spanned all participants’ generalization patterns is the emergence
or maturation of consonant clusters during or post intervention. Per cross-linguistic
implicational laws (e.g. Watts & Rose, 2020), this is expected for Diego and Jaime with
cluster targets, but unexpected for Marta and Roberto with singleton targets. The emer-
gence of other clusters and singletons is expected following intervention targeting clusters
(Gierut, 1999; Gierut & Champion, 2001), but intervention targeting singletons is only
expected to stimulate across-class growth in singleton structures, at least in English (Gierut,
2007). This difference could be influenced by language-specific variables, methodology, or
both.

Most of the observed growth in consonant clusters in this study was within consonant
+glide clusters (e.g. /bw/, /1j/), whose status as “true” branching onset clusters in Spanish is
debated (e.g. Harris, 1983; Senturia, 1998). Thus, the growth in glide clusters observed in
this study may not be analogous to growth in true branching clusters. Additionally, because
intervention targeting a singleton consonant is not expected to cause significant growth in
branching onset clusters, the observed improvement to consonant+glide clusters may
provide additional evidence for the status of these sequences as simpler singleton onsets
followed by a nucleus constituent in these children’s phonological systems. Nevertheless,
participants trained with a singleton also demonstrated limited improvement to other
clusters (i.e. /kl/ and /pr/) that are not subject to the same debate about their branching
onset status (Harris, 1983). Thus, some, but not all the observed growth in clusters following
intervention targeting a singleton, may be attributable to the constituency of glide clusters
within the syllable.

It may also be the case that generalization following intervention targeting singleton
consonants does not exclusively affect individual consonants. Most research establishing
generalization patterns following intervention with singleton targets only reported single-
ton or general consonant generalization data, as consonant clusters were not expected to
change and thus were not monitored (Dinnsen & Elbert, 1984; Elbert & McReynolds, 1985;
Flint & Costello Ingham, 2005; Gierut, 1990, 1991; Gierut et al., 1987; Gierut & Morrisette,
2012; Gierut et al., 1996; Gierut & Neumann, 1992; Miccio et al., 1999; Powell et al., 1998;
Rvachew & Nowak, 2001). For few studies in which complex singletons were targeted and
consonant clusters were included in generalization results, most, if not all, evidenced some
growth in untargeted consonant clusters (Elbert & McReynolds, 1979; Gierut, 1998a; Miccio
& Ingrisano, 2000; Rvachew & Bernhardt, 2010). The observed generalized improvement in
clusters for the two Spanish-speaking children in this study who learned a singleton target is
thus aligned with similar results from intervention with monolingual English-speaking
children.

The question that follows is how we might explain growth in phonological structures that
would not necessarily be predicted by implicational relationships (i.e. singletons do not
imply consonant clusters; Gierut, 2007; Watts & Rose, 2020). The observable improvement
in sound structures that are more complex than the target itself could be analogous to the
effect of a trigger within a dynamic system, which has been cited in explanation of the
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spontaneous emergence of complex motor behaviours (Fogel & Thelen, 1987; Thelen, 1995;
Thelen & Smith, 2007). Within dynamic systems theory, the observation of broad or
cascading improvements in speech-sound production following introduction of a new
structure into the child’s dynamic phonological system does not need to exclusively follow
the patterns of linguistic universals or implicational laws (Rvachew & Bernhardt, 2010).

Of course, there is a large body of research that supports the role of implicational laws in
predicting generalization patterns following speech intervention; thus, a comprehensive
explanation must account for the roles of linguistically predictable generalization and the
dynamic and somewhat unpredictable nature of a child’s motoric and cognitive-linguistic
systems. Children in this study trained with the most complex cluster targets demonstrated
more phonological growth in similarly complex and implied less complex structures (i.e.
clusters of similar and higher sonority distances) than children who were trained with
singleton targets of lesser complexity. This is congruent with predictions based on implica-
tional hierarchies (e.g. Gierut, 1999; Gierut & Champion, 2001). Nevertheless, some limited
growth in true branching onset clusters was also observed in children trained with a
singleton target, which indicates that not all growth is predictable from these linguistic
relationships, but that the introduction of a new complex structure into a child’s phonolo-
gical system can also stimulate growth in as-yet unpredictable ways.

The dynamic nature of a child’s development may also provide insight into the relationship
between variability and readiness for phonological learning shown in these data. Much of the
change that occurs within dynamic systems can occur covertly. Multiple small changes
occurring across interacting systems may go unnoticed or appear as inconsistencies or
variability. However, at some indeterminate point, a small change can trigger one or many
observable behavioural changes, such as the emergence of a new, more complex sound
production pattern. In this scenario, the new behaviour is not the product of the one small
trigger change, but rather the product of accumulated changes prior to and including the
trigger (Thelen & Smith, 2007). In other words, children who were demonstrating greater
variability prior to and during intervention may have been in a state primed for phonological
change, facilitated by the introduction of a complex structure into their phonological system.

Limitations

This study used a single-case experimental design with multiple baselines. It differed from a
canonical multiple-baseline design in that baselines were not staggered across participants.
Instead, baseline variance across participants was pooled and included in the standard mean
difference effect size metric, which permits the pool of participants at baseline to collectively
provide control against which the treatment effect may be observed. Other single-case
designs, such as alternating ABAB designs, can offer greater experimental control by
allowing a participant to serve, exclusively, as their own control; however, these designs
may not be effective when the intervention effect is expected to endure after treatment, as is
the case with this intervention (Byiers et al., 2012; McReynolds & Kearns, 1983).
Nevertheless, there are limitations to the degree of experimental control that can be offered
with this design, and both replication and expansion of this work are needed.

Both participants with singleton targets were trained on /1/. This consonant is considered
less complex in Spanish relative to English (McLeod & Crowe, 2018); however, its relative
complexity may be different in the unique phonological system of a bilingual child
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(Fabiano-Smith & Goldstein, 2010). Although it was the least accurate, most complex
singleton available for target selection in both cases, it may not be an ideal exemplar of a
complex singleton target in Spanish. Other Spanish singletons, particularly /{7, /c/, and /r/
were excluded as potential targets due to positional constraints or the presence of complex
gestures complicating their singleton status (Berns, 2013). However, these singletons could
make for more complex intervention targets due to their later normative age of acquisition
and articulatory complexity (Buchwald, 2017; Stokes & Surendran, 2005). Consequently,
the very small effect sizes observed for the children with singleton targets may reflect the
impact of moderately complex, rather than maximally complex, singleton targets.

Summary and future directions

The findings from this study, in concordance with earlier case studies (Anderson, 2002;
Barlow, 2005), begin to extend the efficacy of targeting complex consonant clusters (i.e. /br/
and /gr/) in intervention for Spanish-speaking bilingual children with SSD. However, broad
phonological generalization was less apparent in children trained with a moderately com-
plex singleton (i.e. /1/). Individual differences in responsiveness to the intervention also
highlight the interconnected roles of variability, linguistic complexity, and the dynamic
nature of a child’s phonological system in speech intervention outcomes.

Given the initial nature of this study, replication and expansion are needed to understand
the generalizability of these findings. Future investigations should consider examining a
greater diversity of linguistic profiles, including monolingual and multilingual speakers of
languages other than English. For instance, a study of speech intervention with monolingual
Spanish-speaking children would permit better isolation of the role of Spanish phonology in
optimal target selection. Related work may also benefit from more extensive monitoring for
phonological generalization to better characterize broad phonological growth within and
across languages. Finally, the role of baseline variability on the intervention outcome merits
further investigation and may be an important consideration when examining related
research questions in larger cohort studies or randomized controlled trials.
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