Research Article

Toward Preventing Speech and Language
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First Post-Intervention Results
of Babble Boot Camp in Children
With Classic Galactosemia
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Purpose: Babble Boot Camp (BBC) is a package of proactive
activities and routines designed to prevent speech and
language disorders in infants at predictable risk. It is
implemented via parent training and currently undergoing
clinical trial in children with a newborn diagnosis of classic
galactosemia (CG), a metabolic disease with high risk of
speech and language disorders. The purpose of this study
is to provide updates to a previous pilot study and to present
the first set of post-intervention results.

Method: The intervention and data collection occurred
during child ages < 6-24 months, with follow-up assessments
of speech and language at ages 2.5 and 3.5 years. Treatment
targets included earliest vocalization rates, babble complexity,
speech production accuracy, and vocabulary and syntactic
growth. The oldest 15 children with CG (including three
untreated controls) completed the first set of follow-up
assessments. Aggregate data up to 10 months were

available for 17 treated children with CG, six untreated
children with CG, and six typical controls.

Results: At ages 7-9 months, babbling complexity, as
measured with mean babbling level, was higher in the
treated children with CG than in the untreated children
with CG and the typical controls. Prior to 24 months of
age, the treated children with CG had greater expressive
but not receptive vocabulary sizes than an untreated control.
Follow-up testing showed typical language scores for all
12 treated children with CG and typical articulation scores
for 11 of these, whereas one of three untreated children with
CG had low articulation and expressive language scores.
Conclusions: The BBC appears to be a viable intervention
to support the speech and expressive language development
of children with GC. Future studies will evaluate the relative
contributions of the earliest and later BBC components
to outcomes.
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( j hildhood speech and language disorders are not
rare. Approximately 4% of first graders in the
United States have a diagnosis of speech sound

disorder (SSD; Campbell et al., 2003; Law et al., 2000;

Shriberg et al., 1999), defined as difficulty with producing

the speech sounds in their language correctly by the expected

milestones (Campbell et al., 2003; Law et al., 2000; Shriberg

et al., 1999). Developmental language disorder (DLD),

defined as difficulty with formulating and comprehending

language, is diagnosed in 7%—-10% of children in the United

States (Tomblin et al., 1997). Both of these disorders exert a

heavy toll on children with SSD or DLD and their families.

Generally, SSDs are associated with the frustration of not

being understood (Lousada et al., 2014), negative perceptions

and bullying by peers (Hall, 1991; Hitchcock et al., 2015;
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Lindsay et al., 2008; McCormack et al., 2009), reading dis-
abilities (Peterson et al., 2009), and, if left untreated or
undertreated, social and work-related difficulties in adulthood
(Allard & Williams, 2008; Culton, 1986; Mitchell et al.,
2005). Treatment can be lengthy and costly (Baker &
McLeod, 2011; Campbell, 1999; Vieland et al., 1995).
Similarly, children with DLD are at risk for educational
and social disadvantages (Young et al., 2002) and increased
health costs (Cronin et al., 2017). Thus, SSDs and DLDs
present formidable challenges not only in terms of the high
numbers of affected children but also in terms of the asso-
ciated personal and societal costs.

Speech and language disorders cannot be diagnosed
reliably on behavioral grounds until children are old enough
to show evidence of delays. Most standardized assessment
tools are available for child ages at which sufficient speech
and language abilities have typically emerged, for instance,
> 24 months for speech (Goldman & Fristoe, 2015) and
> 36 months for language (Semel et al., 2004). Only after the
initial diagnosis has been made can intervention begin. This
time course presents a problem for very early and preventive
interventions. Whereas children with autism spectrum dis-
order can be identified and begin to benefit from early in-
tervention as young as 12 months of age (Dawson et al., 2010;
Rogers et al., 2014), most children with SSD and DLD are
toddlers and preschoolers when they first have the opportu-
nity to benefit from interventions. If the risk for SSD and
DLD could be predicted on biological grounds instead of
identified on behavioral grounds, this would motivate the
development of very early and preventive interventions. The
idea to prevent, rather than remediate, SSD and DLD
draws on at least two concepts: leveraging the brain plastic-
ity of very young infants and avoiding the need to unlearn
faulty behavior patterns (Teulier et al., 2015).

The general question whether young children’s speech
and language skills can be positively influenced by strategic
parental input has been addressed in a few studies. For in-
stance, in a sample of typical infants, parents were coached
in using “parentese” (speaking style with higher pitch, slower
speed, and enhanced intonational contours) and turn-taking
techniques when interacting with their children when they
were 6, 10, and 14 months old. Compared to a control group,
the treatment group had higher rates of using the interaction
techniques, and these metrics were correlated with the chil-
dren’s language growth rates (Ferjan Ramirez et al., 2020).
A randomized controlled trial of adolescent mothers and
their infants, 20% of whom were born preterm, showed
that parent coaching during the infants’ first year of life was
associated with higher infant vocalization and turn-taking
rates, compared to the control group (Hoffman et al., 2020).
In a series of three studies of infants born at very low birth
weight and normal birth weight (Landry et al., 2006, 2008,
2012), parent coaching in responsive parenting techniques
when the infants were 6-13 months old was associated with
increased emotionally supportive behaviors in the mothers
and broad benefits for child development. A second round
of coaching when the children were toddlers was associated
with the mothers’ increased cognitive response behaviors.

These results were seen in both groups of children, those
born at very low and normal birth weight. These findings
support a beneficial effect of parent training on the lan-
guage development of typical children and children born
at very low birth weight.

To investigate whether SSD and DLD can be prevented
in infants born with a known and predictable risk for these
disorders, Babble Boot Camp (BBC) was designed and
implemented in a pilot sample of infants with a newborn
diagnosis of classic galactosemia (CG). This disease is a
recessively inherited inborn error of metabolism charac-
terized by defective conversion of galactose to glucose
due to a near absence of the enzyme galactose-1-phosphate
uridyl transferase. In the United States, CG is diagnosed
via newborn screening. Annual incidence rates in the
United States range from one in 30,000 to one in 60,000
(Fridovich-Keil, 2008), whereas among individuals of
Irish descent, the incidence rate is higher, one in 16,000
(Coss et al., 2013). The inability to metabolize galactose
causes an accumulation of galactose in the blood, which
has toxic and potentially lethal effects if not treated with a
lactose-restricted diet. However, despite early detection
and strict adherence to lactose-restricted diets (Berry, 2011;
Demirbas et al., 2018; Rubio-Gozalbo et al., 2019; Ryan
et al., 2013), children with CG are at high risk not only for
fine and gross motor deficits and learning disabilities
(Antshel et al., 2004; Karadag et al., 2013; Potter et al.,
2013) but also for DLD (Lewis et al., 2013a, 2013b; Potter
et al., 2008; Timmers et al., 2011, 2012; Waggoner et al.,
1990) and SSD (Waisbren et al., 1983), especially a severe
form called childhood apraxia of speech (CAS; C. D. Nelson
et al., 1991; D. Nelson, 1995; Shriberg et al., 2011; Webb
et al., 2003). Approximately 40%—-85% of individuals with
CG were reported to have SSDs (Hughes et al., 2009; Rubio-
Gozalbo et al., 2019; Waggoner et al., 1990), compared to
4% among young school-age children in the United States
generally (Shriberg et al., 1999), and 24%-63% of children
with CG were reported to have CAS (Shriberg et al., 2011;
Waggoner et al., 1990; Waisbren et al., 2012; Webb et al.,
2003), compared to 0.1% among children generally (Shriberg
et al., 1997). Approximately 50%—78% of children with
CG were reported to have DLD (Potter et al., 2008; Rubio-
Gozalbo et al., 2019; Waggoner et al., 1990), compared to
7%—10% among children generally (Tomblin et al., 1997).
Expressive language abilities are affected more frequently
by CG than receptive abilities. Specifically, expressive lan-
guage delays were mainly seen in children with CG who had
typical cognitive abilities, whereas mixed expressive/receptive
language delays were seen in children with CG who had
concomitant cognitive delays (Potter et al., 2008). Impor-
tantly, children with CG qualify for speech and language
services based on observed deficits and typically begin
therapy before 4 years of age; however, despite treatment,
difficulties with speech and language persist in many cases
(Potter et al., 2008, 2013).

Children with CG were selected for the clinical trial
of the BBC because of the known genotype—phenotype as-
sociations. If BBC proves to be effective in this population,
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this will motivate new clinical trials in other populations of
very young children at genetic risk. Genetics of communi-
cation disorders is an emerging field, from the discovery of
the role of the FOXP2 gene in a family with familial CAS
(Lai et al., 2001, 2003) to more recent genetic (Hildebrand
et al., 2020) and chromosomal (Fedorenko et al., 2016;
Peter et al., 2014, 2017) findings in individuals and families
with various forms of disorders of spoken and written lan-
guage, as recently reviewed (Guerra & Cacabelos, 2019).
Advances in understanding genotype-phenotype associations
in addition to those in CG will facilitate early identification
of infants at risk who may benefit from proactive interven-
tions such as BBC. BBC may also be suitable for trialing
with children with other known risk factors, such as pre-
term birth (Hillman et al., 2019; Vohr, 2014) and cranio-
facial disorders (Scherer et al., 1999; note that our team has
initiated pilot trialing of the BBC in infants born preterm).
Tailoring proactive interventions based on individual pre-
dictable risk factors is an approach that leverages aspects
in precision medicine (Goetz & Schork, 2018), translated
here into the realm of behavioral traits, specifically commu-
nication abilities.

The BBC is a bundle of routines and activities designed
to stimulate and foster the earliest signals of communication,
prespeech and speech sound production, receptive and ex-
pressive language skills, and communicative competency.
As the first comprehensive proactive program for infants
at predictable risk for SSD and DLD, BBC is currently un-
dergoing a randomized controlled trial (ClinicalTrials.gov
NCT03838016).

The basic concept underlying the BBC implementation
is parent training (see Figure 1). A pediatric speech-language
pathologist (SLP) trains parents to use strategies designed
to support and increase their child’s communication skills,
and the parents implement these activities and routines on
a daily basis. Fidelity checks (reliability and validity) are
conducted at two levels: the SLP’s training methods and
the parents’ implementation.

The first infants in the BBC project were enrolled in
2017, and initial results were reported for the oldest five
children with CG who participated in the clinical trial (Peter
et al., 2019). Four of these children had participated in the
active treatment arm, and one was an untreated control. The

following metrics were analyzed and reported: Complexity
of babble productions as measured with the mean babbling
level (MBL; Stoel-Gammon, 1989); complexity of meaning-
ful speech productions as measured with the syllable structure
level (SSL; Paul & Jennings, 1992); receptive and expres-
sive vocabulary size as measured with the MacArthur—
Bates Communicative Development Inventories—Second
Edition (CDI; Fenson et al., 2007); and general development
of fine and gross motor, personal-social communication,
and problem solving as measured with the Ages & Stages
Questionnaires—Third Edition (Squires & Bricker, 2009). Of
the four children in the treatment arm, all had higher MBL
scores than the untreated control child, three had higher
SSL scores, two had higher expressive vocabularies, and three
had higher communication and personal-social skills.

Since the first report on the BBC (Peter et al., 2019),
the participant sample has grown in age and number. Here,
we provide updates on an expanded sample of 12 treated
participants with CG and an untreated control child with
CG, all of whom had provided continuous data since in-
fancy, and for the first time, we provide results from follow-
up assessment at age 2.5 or 3.5 years. Here, the focus is on
earliest speech sound productions in babble and speech and
vocabulary size during the intervention, as well as follow-up
articulation and language outcomes after the end of the in-
tervention phase. In addition, data are included on younger
untreated children with CG and typical controls.

The following research questions (RQ) and hypotheses
(H) were addressed:

RQI: Do children with CG who are undergoing the
BBC intervention show better speech sound production skills,
as measured with MBL and SSL, than the untreated controls
during BBC’s active phase (child ages > 2-24 months)?

RQIH: In the BBC, parents learn to support quantity
and quality of their children’s vocalizations with
respect to not only babble but also meaningful speech.
If the SLP’s’ training and the parents’ implementation
of this treatment target are effective, the MBL and
SSL scores in the treated children will be higher than
those in the untreated controls.

RQ2: Do children with CG who are undergoing the
BBC intervention show higher expressive and receptive

Figure 1. Babble Boot Camp conceptualization of parents receiving and implementing the training. SLP = speech-language pathologist.

Training fidelity

SLP trains
parents

Implementation

Parents
implement
the training
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vocabulary sizes, compared to the untreated control during
the BBC active phase?

RQ2H: If vocabulary size aligns with the observation
that expressive language skills are more frequently
affected by CG than receptive language skills (Potter
et al., 2008) and if the intervention is effective on
both levels (SLP training and parent implementation),
we expect that the untreated control with CG will
have lower expressive vocabulary skills, compared to
the treated children with CG, but that the untreated
control’s receptive vocabulary skills do not differ from
those in the treated children with CG.

RQ3: Do children who underwent the BBC interven-
tion have better articulation skills at follow-up, compared to
untreated controls?

RQ3H: If early professional support during the first
2 years of life had a beneficial effect on the children’s
developing articulation skills, we expect this benefit
to persist, and we predict higher articulation skills at
follow-up in the treatment group, compared to the
untreated controls. Under that same hypothesis, we
expect a close association between speech production
skills as measured during the treatment phase and
speech production skills at follow-up.

RQ4: Are the language skills as measured at follow-
up higher in the treated group, compared to the untreated
controls?

RQ4H: Similarly to RQ3H, we expect the treatment
effects on language, regardless of whether they are
based on the known associations between early speech
sound production skills and later language skills, on
the direct language-based treatment targets, or both,
to persist to follow-up. Based on previous observations
that expressive language is more often affected by CG
than receptive language (Potter et al., 2008), treatment
effects on expressive language are expected to be
greater than those on receptive language. We predict
close associations between early language measures
and language measures at follow-up.

RQ5: Are early measures of speech sound production
associated with articulation and language skills later on?

RQS5H: Previous research showed that babble
complexity is associated with speech and language
abilities later on (American Speech-Language-
Hearing Association, 2007; DePaolis et al., 2013;
McCune & Vihman, 2001; Oller et al., 1998, 1999;
Stoel-Gammon, 1989, 2011; Vihman & Greenlee,
1987; Vihman et al., 1985). If these early skills lay
down the foundation for later skills in speech and
language and if the BBC intervention is effective in
boosting babble skills, then the association between
early babble skills and later articulation and language
skills should persist, even if the early babble skills
were enhanced by the intervention. Alternatively,
an association between early babble skills and later

articulation and language skills could be explained
by an environmental factor underlying both skills,
such as parental modeling and feedback on all levels
from babble to expressive and receptive language.
This study is not designed to disambiguate these two
possibilities, as it lacks a sufficiently large sample
of children with CG who did and did not receive
intervention during the babble stage.

In either case, if we find that babble complexity
predicts speech and language abilities later on in
children who are receiving an intervention during all
stages of babble, meaningful speech, and language
during the first 2 years of life, this confirms previous
observations of the predictive relationship between
these early and later skills, but here in the context of an
intentional intervention. If we do not find evidence of
a predictive relationship between the early and later
skills, the intervention may have had different effects
on the children’s skills at various ages.

Method

The Appendix contains the Template for Intervention
Description and Replication checklist with the location of
the core components of the clinical trial in this document.

Participants

This study was conducted with the approval of the
institutional review board at Arizona State University. Adults
gave written consent for their own participation and written
permission for their children to participate. Families were
recruited via online announcements on the Galactosemia
Foundation website (https:/staticl.squarespace.com/static/
551b5c96e4b00eb2216e7c74/t/5fac2ded 1ef47e6e87ee3 bS5/
1605119465763/ BBC+CG+Flyer20200918_Approved.pdf)
and in social media and by referral by health care providers.
Recruitment and enrollment are ongoing.

Infants with CG and their parents were randomized
into one of two groups, speech-language early (SLE) inter-
vention starting at child age 2-5 months or delayed entry
into the speech and language intervention starting later
(SLL), at child age 15 months (see Figure 2). In the initial
phase of the project, a control group for infants with CG
who did not receive any part of the BBC’s speech and lan-
guage intervention was established; however, retention in
the untreated group was problematic. The delayed entrance
into the speech and language intervention was established
to take the place of the untreated control group. Two other
participant groups were typically developing (TD) infants
who entered the study at 2-5 months of age, and toddlers
and preschoolers with CG who were already too old to
participate in the BBC speech and language intervention and
who participated in annual standardized assessments at
ages 2.5 years and older.

Inclusionary criteria for participation in the two BBC
speech and language intervention groups were as follows:
Boys and girls in any region of the United States or abroad
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Figure 2. Summary of available data for the participating children by subgroup and health status. Diagonal pattern fill: treatment and data
collection. Solid fill: data collection only. Rightward arrow: continues in the study. Rightward vertical line: withdrew from the study. Dashed
line: start of follow-up testing. CDI = MacArthur—Bates Communicative Development Inventories—Second Edition; CG = classic galactosemia;
Expr. = expressive; GFTA-3 = Goldman-Fristoe Test of Articulation—Third Edition; MBL = mean babbling level; PLS-5 = Preschool Language
Scales—Fifth Edition; RQ = research question; SSL = syllable structure level.

Groups Girls, Boys

Child Age in Months

12 18 24 30 42

CG Speech Language Early 8,5
CG Speech Language Early 1,0
CG Speech Language Early 2,4
CG Speech Language Late 4,2

(7777777777777

CG Untreated Control

0,1
CG Untreated Control 2,0
Typical Control 5,2

Research Questions

I ﬂ§|

44

RQ1 Speech sound production: MBL, SSL
RQ2 Expr., receptive vocabulary: CDI
RQ3 Speech sound production: GFTA-3
RQ4 Expr., receptive language: PLS-5
RQ5 Associations among measures

were eligible to participate as long as their primary language
in the home was English. All racial and ethnic groups were
eligible. At least one parent with at least an eighth-grade
education had to be available to participate. Parents could
be biological, foster, or adoptive parents. To be included in
one of the CG treatment groups, the child had to have a
newborn diagnosis of CG, be free of any other health im-
pairment that could confound the results of the study, and
be between 2 and 5 months of age at entry into the study.
The same criteria applied to the toddler/preschool group
with CG, except that their age at entry into the study was
< 2.5 years. To participate in the TD group, children had
to be free of CG and any health impairment that could
confound the results of the study, and they had to be 2—
5 months old when they entered the study.

At the time of this writing, 45 families are enrolled in
the project. For the purposes of this study, data from the
oldest children with CG who provided continuous data up
to 24 months of age and underwent follow-up testing at
2.5 or 3.5 years of age are presented. These were 12 children
with CG who received the speech and language intervention
from < 6 to 24 months of age and one untreated child with
CG. One additional child with CG in the treatment group
left the study at 18 months of age; only those metrics appli-
cable up to that age were included in the study. Two children
with CG joined the study as untreated toddlers and provided
speech and language assessment data at 2.5 years of age.
Data up to 10 months of age were available for six un-
treated children with CG who were waiting to start the speech
and language intervention at 15 months of age and seven
TD controls. In total, 26 of 28 children with CG were de-
scribed by their parents as White, and two were described
as “more than one race.” This high prevalence of White
children among the participants with CG is consistent with

the high CG incidence rates in individuals of Irish descent
(Coss et al., 2013). Of seven typical children, five were de-
scribed as White, and two were described as “more than
one race.” Figure 2 summarizes the participant groups
and time points for which data were available. Table 1
provides parents’ highest educational attainment in percent

per group.

Procedure

The intervention was implemented by a pediatric SLP,
co-author J. D., who met with the families on a regular basis.
To train the parents, the SLP used the teach-model-coach—
review approach (Roberts et al., 2014). A key principle un-
derlying most activities is the zone of proximal development
(ZPD; Vygotsky, 1979), also referred to as scaffolding, where
parents provide speech and language models that bridge
what the child can already do and what is slightly beyond
the child’s skill set: Within the ZPD are skills that the child
can do with help.

The intervention begins with an orientation meeting
during which the SLP provides an overview of the BBC’s
components. During the active intervention phase (child
ages either < 6-24 months or 15-24 months, when the in-
tervention is implemented and data are collected on a fre-
quent and regular basis), the SLP meets with the parents
once per week for approximately 20 min. Prior to the weekly
meeting, parents send the SLP two brief home videos, each
maximally 2 min long. One of these videos shows the par-
ent and child engaged in the activity or routine that is pres-
ently being implemented; the other video shows the child
during a typical daily activity as deemed representative of
the child skill by the parent. The building blocks of the
program are 17 activities and routines designed to support
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Figure 3. Selected treatment activities and routines and their intended effects on child behaviors and skills. Curved arrows pointing back to
the element of origin under “Parent Treatment Activities and Routines”: feedback loops. Curved arrows pointing to a different element under

“Effects on Child Skills”: indirect treatment effects.

Child Age Parent Treatment Effects on Child Behaviors Effects on Child Skills
Activities and Routines
— Enhanced visual & auditory
Birth ” g coupling, enhanced
Word bath” using & A
“oarentese” sensitivity to phoneme
P boundaries
Express emotions via > Enhanced pragmatic
facial expressions communicative awareness
and prosody
Auditory/motor
2-8 months Respon'd to any — Increase vocalizations rates — associations of any vocal
vocalization ; behavior, dyadic
interactions
Auditory/motor
6-12 months Model and reinforce —p > associations of speech-like
babble Increase babble rates sounds, increased phonetic
: inventor
- Larger receptive and expressive
6-24 months Label objects, Model | Imitate the label, request vocabulary, increased phonemic
word productions : more object labels : inventory, increased articulation
skills
12-24 months Recast and expand | memp Imitate utterances, iprodiice — Increased syntactic
v utterances : more utterances complexity

children’s communication abilities. These include intentional
eye contact to support bonding and modeling, responding
to infant vocalizations to increase vocalization behaviors
and to build dyadic interactions, eliciting and reinforcing
babble to increase babble complexity, labeling objects to
expand the child’s vocabulary, modeling word productions
to increase the child’s phonemic inventory, and recasting
and expanding simple sentences slightly to build syntactic
complexity within the ZPD. A detailed description of these
activities and routines is available at the Open Science
Framework entry for the BBC (https://osf.io/yzht4/) and
in our previous publication (Peter et al., 2019).

The BBC model (see Figure 2) incorporates several
intended direct and indirect treatment effects and feedback
loops. For example, when parents talk to their young infant
frequently, using child-directed speech patterns, the “intended

Table 1. Parents’ highest educational achievement in percent per g

direct effects” on the child are enhanced visual and auditory
coupling in the child’s perception of the speech signal and
enhanced sensitivity to phonemic boundaries. As the chil-
dren’s vocalization rates at all levels (coo, babble, and
meaningful speech) increase, presumably at least in part due
to the parents’ eliciting and reinforcing strategies, parents
have more opportunities to provide responses and expansions.
This increase in child behaviors thus represents a “feedback
loop” that potentiates the treatment effect on child speech
production and language skills. An example of a potential
“indirect treatment effect” is influencing speech and language
skills later on by fostering babble complexity during the
prespeech stage. As mentioned, previous research on typical
children has shown that speech sound production skills in
babble are associated with speech and language abilities
later on (American Speech-Language-Hearing Association,

roup.

CG speech-language early

CG speech-language late

CG untreated controls Typical controls

Education Mothers Fathers Mothers Fathers Mothers Fathers Mothers Fathers
Completed college (%) 76 76 83 67 67 100 67 100
Some college (%) 18 12 17 0 67 0 33 0
Completed high school (%) 6 12 0 17 0 0 0 0
Some high school (%) 0 0 0 17 0 0 0 0
Note. CG = classic galactosemia.
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2007; DePaolis et al., 2013; McCune & Vihman, 2001; Oller
et al., 1998, 1999; Stoel-Gammon, 1989, 2011; Vihman &
Greenlee, 1987; Vihman et al., 1985). If phonetic complexity
in babble predicts articulation and language skills later on,
it is possible that intentionally increasing a child’s babble
complexity via BBC activities provides the foundation for
advanced speech and language abilities later on. As men-
tioned, however, if parents not only provide strong support
during the prespeech stage but also during verbal devel-
opment, enhanced speech and language skills in toddlers
could result from the support during the prespeech stage,
support during verbal development, or both. Figure 3 is a
schematic of selected direct and indirect treatment effects
and feedback loops.

When the children turn 24 months old, the active phase
ends. Follow-up assessments of speech and language skills,
along with other metrics of health, development, and quality
of life are conducted once yearly at 2.5, 3.5, and 4.5 years
of age. Regarding the children in the present report, co-author
N. P. oversaw these follow-up assessments.

For the children described in this study, all interven-
tion activities were conducted online using telepractice soft-
ware that is compatible with Health Insurance Portability
and Accountability. This online approach made it possible
for families to participate regardless of place of residence.
Prior to March 2020, follow-up testing was conducted face-
to-face by local SLPs. After this date, due to the coronavi-
rus disease 2019 pandemic, follow-up testing was seamlessly
converted to virtual testing using telepractice tools by co-
author N. P., an SLP with extensive pediatric telepractice
and assessment experience. To date, participants include
families living in the United States, Canada, and the
United Kingdom.

While enrolled in the BBC, all children 24 months of
age and younger were closely monitored by team members
who did not include the treating SLP, using a variety of
tools. Sets of questionnaires were collected every 3 months
to generate metrics covering child language development,
general health and development, and quality of life. Here,
we report on child language development in terms of ex-
pressive and receptive vocabulary, as measured with the
CDI (Fenson et al., 2007). Parents filled out the ques-
tionnaires by checking the “understands” or “understands
and says” options next to specific words in lists of common
words in children’s vocabularies. The CDI provides expres-
sive vocabulary percentiles, convertible to standard scores,
for ages 12, 15, 18, 21, and 24 months, whereas receptive
vocabulary data are only available for 12 and 15 months.

Close monitoring also included a day-long audio re-
cording once a month, using the Language Environment
Analysis (LENA) recording system (LENA Research
Foundation). On the day of the recording, parents activated
the LENA recording device and placed it into the front
pocket of a specially designed vest that the child wore
throughout the day. When the recording was complete at
the end of the day, parents either uploaded the recording
to a secure cloud where it was accessed by the research team
or they mailed the device back to the research team. For the

participants in this report, the average recording length was
13.25 hr (SD = 2.17 hr). To obtain sufficient material for an-
alyzing child utterances, the .wav file produced by the LENA
device was digitally segmented to obtain the three 5-min
segments with the highest number of infant vocalizations,
following the methods of a large public corpus of child speech
samples (VanDam, 2021; VanDam et al., 2016).

Team members with advanced training and experience
in phonetics, all undergraduate or graduate students of Speech
and Hearing Science at Arizona State University, tran-
scribed the infant vocalizations into the International Phonetic
Alphabet beginning with child age 6 months. Over time,
11 different transcribers were involved, typically two or three
in any given semester. All were blind to the status of the
child (treated or untreated CG, untreated typical).

For the purposes of this study, child speech sound
productions were analyzed using the MBL for nonmeaning-
ful (babbled) utterances (Stoel-Gammon, 1989) and the SSL
for meaningful (words and word attempts) utterances (Paul
& Jennings, 1992). A meta-analysis of six studies of the MBL
and SSL showed that low MBL levels were predictive of
lack of meaningful speech at 24 months of age and that chil-
dren with language impairment obtained lower SSL scores
than typical peers, supporting the reliability and clinical va-
lidity of these measures (Morris, 2010). MBL calculations
were based on the first 50 nonmeaningful utterances in the
three 5-min sections with highest infant vocalization rates
identified by the LENA software. In cases where fewer than
50 utterances could be transcribed, no MBL score was reported.
Per MBL guidelines (Stoel-Gammon, 1989), each nonmeaning-
ful utterance was scored on a 3-point system, where a score of 1
is assigned for simple utterances consisting of a vowel, a syllabic
consonant, or a consonant-vowel or vowel-consonant se-
quence where the consonant is a glide, a glottal stop, or a
glottal fricative, which are not considered to be true consonants.
Examples of Level 1 utterances are [a] and [wawa]. A score
of 2 is assigned to utterances containing at least one consonant—
vowel or vowel-consonant sequence with a true consonant, for
example, [ba] or [ip]. The same score of 2 is assigned where
a true consonant occurs in a cluster with a glide, for example,
[bwa]. In utterances with two or more syllables, the conso-
nants may be the same ones or differ only in voicing. Examples
are [bapa] and [dida]. A score of 3 is assigned to utterances
containing at least two true consonants produced in different
parts of the mouth and/or with different manner of articula-
tion. Examples are [bama] and [ dap]. Scores were averaged
to arrive at the MBL for that child and month. The guide-
lines for scoring the SSL are similar to those for the MBL.
One difference is that consonant clusters receive a score of 4.
Computing an SSL score requires a minimum of 10 mean-
ingful utterances (defined as consisting of recognizable words,
as opposed to babbled utterances). In cases where fewer
utterances were available, no SSL score was recorded.

During the annual follow-up testing, speech sound
accuracy was measured with the Goldman-Fristoe Test of
Articulation-Third Edition (GFTA-3; Goldman & Fristoe,
2015). Here, we report the standard scores from the Sounds
in Words subtest. Expressive and receptive language skills
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were measured with the Preschool Language Scales—Fifth
Edition (PLS-5; Zimmerman et al., 2011).

Reliability and Validity

Implementation fidelity was ensured in several ways.
All sessions were video-recorded. The same SLP provided
the interventions for all the children in this report. The SLP
checked that all components of the teach-model-coach—
review model (Roberts et al., 2014) were implemented. Dur-
ing sessions where parents learned new routines or activities,
the SLP provided feedback to ensure correct implementation,
and she checked the weekly home videos for correct im-
plementation. The families described in this study attended
the available sessions at an average rate of 95% (SD = 3%)).
Furthermore, compliance was measured with a point system
where 1 point was awarded for each of the following com-
ponents: submitting the home videos before the session,
showing evidence of follow-through in at least one of the
videos or in the discussion, and attending the scheduled
session. The average score for the families described here
was 2.73 (SD = 0.19). One additional measure of implemen-
tation fidelity is the regularity with which monthly LENA
audio recordings were provided by the parents. Out of a
total of 373 recordings expected, 331 were completed and pro-
vided to the team, an overall compliance rate of 89%.

MBL and SSL transcribers were blind to the group
assignment of the participants. Of the 227 sets of sound re-
cordings from children > 6 months of age transcribed to
obtain MBL and SSL values for this study, 10% were retran-
scribed by a different team member, and an average discrep-
ancy between the two sets of transcriptions was calculated.
For each double-transcribed recording, the absolute differ-
ence between the two scores was calculated relative to the
mean of the two scores, as follows:

| Score 1 — Score 2 |
(Score 1 + Score 2)/2°

Discrepancy =

(M

The average discrepancy was 0.04 (SD = 0.05). This
low discrepancy rate indicates a high degree of intertran-
scriber reliability, not necessarily with respect to the exact
phonetic transcriptions, but certainly with respect to the
MBL and SSL values.

All MBL and SSL scores were checked for correct
calculations and correct data entry. Any errors detected
during this quality control step were corrected.

Each CDI questionnaire was scored by one team
member and rescored and entered into the database by
another team member. Any differences between the two
sets of scores were resolved by consensus.

The follow-up testing with the GFTA-3 and PLS-5
was video-recorded. The child’s responses were noted on
the test protocol during the testing and checked later by a
second team member based on the recording. Any score
differences were resolved by consensus. The assessment team
(co-authors N. P. and D. W.) was blind to the group status
(treated CG, untreated CG, or TD) of the child.

Statistical Analysis

RQ1 (Differences Between Treated and Untreated Children
With CG Regarding Speech Sound Production Skills
During the BBC Active Phase)

For children who had reached 24 months of age, growth
of MBL and SSL was measured in terms of the trajectory
slope over time. Children were only included if at least two
data points were available for each half of the captured
age range. One treated child’s SSL data were excluded be-
cause this metric could only be measured at 20, 21, and
23 months. To compare the untreated control child to the
12 treated children, a z test was performed. Adjusted statistical
significance for these two z tests is 0.025.

The fact that, at < 15 months of age, the SLL group
had not yet received any speech and language treatment
allowed us to compare some available data from these un-
treated children with CG to data from treated children with
CG. To compare MBL scores in the treated CG children
(data available for 17 children), children with CG still
awaiting treatment (data available for seven children), and
TD children (data available for six children), scores were
averaged across ages 7-9 months, and between-groups effect
sizes were computed using Cohen’s d, where the difference
between two group means is expressed relative to the pooled
standard deviations of the two groups. A Cohen’s d of 0.2
indicates a small effect size, 0.5 indicates a medium effect
size, and > 0.8 indicates a large effect size (Cohen, 1992).
Because SSL scores cannot be measured until meaningful
speech emerges, they could not be compared across these
treated and untreated groups.

RQ2 (Differences Between Treated and Untreated Children
With CG With Respect to Expressive and Receptive
Vocabulary Size During the BBC Active Phase)

CDI data from the oldest treated children with CG
were compared to those from the untreated control with
respect to expressive and receptive vocabularies. To capture
maximum potential treatment effects, expressive vocabulary
percentiles, converted to z scores, were averaged for the two
data points near the end of the intervention, at ages 21 and
24 months. Receptive vocabulary percentiles, converted to
z scores, were averaged for the only two available data points
at 12 and 15 months. A z test of equality of means was
carried out for both measures of vocabulary size. The ad-
justed alpha for two z tests is .025.

RQ3 (Differences in Articulation Skills Between Treated
and Untreated Children With CG at Follow-Up) and RQ4
(Differences in Language Skills Between Treated

and Untreated Children With CG at Follow-Up)

Speech and language outcomes at follow-up (GFTA-3,
PLS-5 Expressive, and PLS-5 Receptive) were tested against
expectations under random conditions, using Fisher’s exact
test. Expectations were conservatively based on 60% of
children with CG being at risk for speech disorders and
language disorders (Hughes et al., 2009; Potter et al., 2008;
Rubio-Gozalbo et al., 2019; Waggoner et al., 1990). Outcomes

Peter et al.: Babble Boot Camp’s First Post-Intervention Results 2623



were classified as typical or below expectation using —1.5 SD
(< 7th percentile) as a cutoff (Bryan et al., 2015; Villagomez
et al., 2019). With three measures tested against expec-
tations, adjusted o = .0167.

RQS5 (Associations Between Early Measures of Speech
Sound Production and Articulation and Language
Skills at Follow-Up)

Correlations between each of two measures of speech
sound production (the averaged MBL at ages 7-9 months
and the averaged MBL and SSL at 19-24 months) and
each of three follow-up assessments (articulation, expres-
sive language, and receptive language) were calculated.
Adjustment for multiple testing leads to o = .0083.

Due to the lack of independence among the data points,
both in terms of inherent similarities in the variables and
longitudinal data from the same children, adjusting for
multiple testing is highly conservative. Therefore, nominal
statistical significance at .05 can be considered, as well.

Results
MBL

MBL scores up to 24 months of age were available
for 12 children with CG who had completed the BBC in-
tervention and close monitoring phase (monthly LENA re-
cordings and quarterly questionnaires) at 24 months of age
and one control child with CG who had completed the close
monitoring but had not received the intervention. Where
MBL data points were missing, the main reason was that
the child did not produce enough nonmeaningful utterances
to calculate an MBL score. This occurred primarily in the
older children with high SSL scores. MBL slopes were dis-
tributed with skewness of —.08 and kurtosis of 1.87. All chil-
dren showed growth in their MBL scores, as indicated by a
positive slope of their trendlines. The untreated control child
with CG obtained the second lowest slope (0.0126), whereas
the mean (and standard deviation) of the treated children’s
scores were 0.05 (0.02), ranging from 0.0108 to 0.086. The
inequality between the slope of the untreated control and
the treated children with CG was statistically significant
(z = 5.95, one-tailed p < .0001). Figure 4 shows MBL scores
as a function of child age in months for the 13 children
who completed the BBC at 24 months of age, of whom one
was an untreated control. Note the variability from month
to month and the overall rising trajectories in the treated
CG group.

For purposes of comparing MBL scores of the chil-
dren with CG in the treatment group to typical controls
and untreated children with CG, average MBL scores for
ages 7-9 months were consulted. Data from the older un-
treated CG control and six children with CG who had not
yet started the intervention were combined and compared
to data from six TD children and 17 children with CG in
the treated group. This variable was distributed with skew-
ness of .74 and kurtosis of 2.61. Highest MBL scores were
seen in the CG treatment group (M = 1.46, SD = 0.20),

followed by the TD (M = 1.27, SD = 0.12) and untreated
CG (M =1.25, SD = 0.16) groups. The effect size (Cohen’s
d) between the CG treatment and TD groups was 0.99, and
between the CG treated and untreated groups, it was 1.08.
Figure 5 shows per-group box plots.

SSL

SSL scores for ages 12-24 months were available for
11 children with CG who were receiving the BBC speech
and language intervention and one untreated child with
CG. When SSL scores were not available, the main reason
was that the child was not producing enough meaningful
speech during the selected transcription segments to calcu-
late an SSL score. This occurred primarily in younger chil-
dren in the treatment group and multiple times during ages
12-24 months in the untreated control. This variable was
distributed with skewness of .54 and kurtosis of 2.16. The
treated children had higher growth slopes (M = 0.05, SD =
0.05, range: —0.2 to 0.15) than the untreated control (0), z =
3.32, one-tailed p = .0005. Figure 6 shows SSL scores as a
function of child age in months.

Expressive and Receptive Vocabulary Size

Expressive vocabulary sizes, measured with CDI
(Fenson et al., 2007) scores, fell below —1.5 SD (seventh
percentile) for one treated child with CG at ages 18, 21, and
24 months and the untreated control with CG at 24 months
of age. All other scores were above this level. Based on the
average scores for 21 and 24 months of age, the untreated
control with CG ranked 10th of 11 in the expressive vocab-
ulary size. A z test based on z scores derived from the per-
centiles, averaged for ages 21 and 24 months (distributed
with skewness = —0.25 and kurtosis = 1.92), was significant
(z = 4.40, p < .0001).

Receptive vocabulary scores fell below —1.5 SD
(seventh percentile) for one treated child with CG at both
12 and 15 months and another treated child at 15 months.
The untreated control child with CG obtained percentile
rankings well above this cutoff at both time points, with a
ranking as seventh of 13 based on the averaged receptive
vocabulary scores for 12 and 15 months. A z test based on
z scores derived from the percentiles, averaged for ages 12
and 15 months (distributed with skewness = —.31 and
kurtosis = 2.61), was not significant (z = 0.19, p = .5736).
Figures 7 and 8 show percentile rankings for the participants
as a function of age for expressive and receptive vocabulary
sizes, respectively.

Follow-Up Testing

Standardized test scores at follow-up age 2.5 years
(3.5 years of age in two cases, SLE0O5S and CTRO1) were
available for the oldest 12 children with CG who underwent
the BBC intervention and three control children with CG
who did not undergo the intervention. Of the treated children
with CG, 11 had articulation scores of > —1.5 SD (GFTA-3
standard score > 78) and one obtained a lower score (GFTA-3
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Figure 4. Mean babbling level scores for 12 children with classic galactosemia (CG) who received the Babble Boot Camp (BBC) intervention
and one child with CG who did not receive the BBC intervention (bolded black line). CTR = untreated control with CG; SLE = speech-language

early intervention.
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standard score = 70). Conservatively estimating that speech
disorders are seen in 60% of children with CG, finding one
of 12 children with disordered articulation and no children
with disordered language is above expectation under ran-
dom conditions (Fisher’s exact p = .014). Note that one
child had an articulation standard score that exceeded +1.5
SDs. Two untreated controls with CG had articulation scores

of > —1.5 SD, but one untreated control (CTRO1) had ar-
ticulation standard score of 47, which placed him below
the first percentile.

All of the treated children with CG had expressive
and receptive language scores of > —1.5 SD. Under the
conservative expectation that 60% of children with CG
have language disorders, finding no children with disordered

Figure 5. Averaged mean babbling level (MBL) scores across ages 7-9 months in six typically developing children, 17 children with classic
galactosemia (CG) who underwent the Babble Boot Camp (BBC) intervention, and five children with CG who did not undergo the BBC

intervention during this age span.
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Figure 6. Syllable structure level scores for 12 children with classic galactosemia (CG) who received the Babble Boot Camp (BBC) intervention
and one child (CTR01) with CG who did not receive the BBC intervention. CTR = untreated control with CG; SLE = speech-language early

intervention.
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language is above expectation under random conditions
(Fisher’s exact p = .002). One of the treated children had
a receptive language score that exceeded +1.5 SDs. Two
untreated controls with CG had expressive and receptive
language scores of > —1.5 SD. One untreated control, the
same one whose articulation score fell below the first per-
centile, had a receptive language score of > —1.5 SD, but
his expressive language corresponded to the first percentile.
For nine of the 12 treated children, receptive language
scores were higher than expressive language scores, and
the same was true for two of the three untreated controls.

Figure 9 is a bar graph of the obtained standard scores
for the treated and untreated children with CG, sorted by
GFTA-3 scores.

For purposes of calculating correlations among met-
rics of early speech sound production and follow-up speech
and language testing, two metrics of speech sound production
during the intervention period were calculated. The earliest
measure was an averaged MBL score for ages 7-9 months.
To capture general speech sound complexity in babble and
meaningful speech, MBL and SSL scores were averaged, and
to further capture maximum possible treatment effects near

Figure 7. Expressive vocabulary size based on MacArthur—-Bates Communicative Development Inventories—Second Edition (CDI) percentiles
in 13 children with classic galactosemia (CG) who underwent the Babble Boot Camp (BBC) intervention and one child with CG who did not.
Horizontal lines at the seventh and 93rd percentiles = +1.5 SDs. CTR = untreated control with CG; SLE = speech-language early intervention.
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Figure 8. Receptive vocabulary size based on MacArthur-Bates Communicative Development Inventories—Second Edition (CDI) percentiles in
13 children with classic galactosemia (CG) who underwent the Babble Boot Camp (BBC) intervention and one child with CG who did not.
Horizontal lines at the seventh and 93rd percentiles = +1.5 SDs. CTR = untreated control with CG; SLE = speech-language early intervention.
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the end of the intervention period, these combined scores
were averaged for ages 19-24 months. The earliest MBL
measure was not statistically significantly correlated with any
of the three follow-up measures of articulation and language.
The combined MBL/SSL scores at ages 19-24 months were
correlated with the follow-up measures of articulation (GFTA-3;
r=.79, p = .0013) and expressive language (PLS-5; r = .58,
p = .0354), but not with receptive language (PLS-5; r = .19,
p = .5413).

Discussion

This study follows an initial study of the effects of a pre-
ventive intervention (BBC) for children with CG who are at
predictable risk for speech and language disorders (Peter et al.,

2019). In this expanded sample of participants, continued sug-
gestive evidence of beneficial treatment effects is presented. For
the first time, we report on outcomes at follow-up testing.

RQI asked whether children with CG achieve higher
speech sound production skills, as measured with MBL and
SSL, compared to untreated controls. This question was
answered positively in two ways. First, the overall growth
trajectories for MBL and SSL were greater for 12 (11 for
SSL) treated children with CG, compared to those in the
untreated control who provided data throughout the study.
The trajectories show considerable variability from month
to month, but overall growth in the treated children with
CG (see Figure 4). Second, for ages 7-9 months, where data
were available for a total of 17 treated children with CG
and, additionally, six untreated children with CG who

Figure 9. Follow-up test scores for articulation, expressive language, and receptive language for 12 children with classic galactosemia (CG)
who completed the early speech and language intervention (SLE) and three untreated children with CG (CTR), ordered by Goldman-Fristoe
Test of Articulation—Third Edition (GFTA-3) standard score. Horizontal lines at standard scores 78 and 123 = +1.5 SDs. PLS-5 = Preschool

Language Scales—Fifth Edition.
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were awaiting treatment at 15 months of age and seven
children with TD, MBL scores in the group of treated chil-
dren with CG were greater than those in the other two
groups. This is consistent with treatment effects on babble
complexity that provided a boost to the treated children,
compared to even the children with TD.

RQ2 asked if children with CG in the treatment group
achieved higher expressive and receptive vocabulary sizes
during the intervention, compared to the untreated control.
Consistent with the hypothesis that the BBC intervention is
beneficial for the expressive language skills of children with
CG because CG affects expressive language to a greater
degree than receptive language (Potter et al., 2008), the
untreated control obtained the second lowest ranking of
the expressive percentile scores, scoring significantly lower
than the treated group on average. Again, consistent with
the observation that receptive language is affected to a lesser
degree than expressive language, the untreated control child
with CG ranked near the middle of the receptive vocabulary
percentiles, and his scores did not differ from those in the
treated group. Note that at 12 months of age, all children
had expressive vocabulary percentiles above 7, but some
children obtained scores below that cutoff later on. This
reflects the fact that at 12 months of age, having no or few
words is not uncommon; the CDI shows that at the 50th
percentile, girls have seven words and boys have two words.
To keep up with typical development, children need to add
many words quickly; the CDI shows 50th percentile averages
of 91 words for girls and 81 words for boys at 18 months of
age and 346 words for girls and 252 for boys at 24 months
of age. By 24 months of age, the untreated control and
one treated child with CG, both boys, had fallen below
the 7th percentile.

RQ3 asked whether children with CG in the treatment
group had higher articulation scores at follow-up than what
would be expected based on the literature of children receiving
conventional treatment. Only one of the 12 treated children
obtained an articulation score below —1.5 SD, fewer than
would be expected under random conditions. One of three
untreated controls with CG had, by far, the lowest articulation
score. These findings are consistent with a beneficial effect of
the BBC on articulation that were sustained at follow-up.

RQ4 asked whether the treated children with CG had
higher language abilities at follow-up, compared to untreated
children with CG as reported in the literature. Children with
CG who are receiving conventional treatment typically have
difficulty with expressive language; only in the presence of
cognitive delays, both expressive and receptive language
would be expected to be disordered (Potter et al., 2008).
All children in the treated group with CG had typical ex-
pressive language scores, which is above expectation given
the published rates of expressive language disorders in chil-
dren with CG. One of three untreated controls had a very
low expressive language score. Together, these findings are
consistent with a beneficial effect of the BBC on expressive
language.

Receptive language scores at follow-up were above —1.5
SD for all children with CG in this study, whether they had

received treatment or not. Prior to 24 months of age, the
single untreated control for whom data were available for
that age range had typical receptive vocabulary skills, whereas
two of 13 treated children had low receptive language skills.
These two observations are consistent with the previously
published findings that CG affects receptive language skills
to a lesser degree than expressive language skills (Potter
et al., 2008).

RQ5 addressed possible associations among early
measures of speech production during nonmeaningful
speech and later measures of articulation and language.
The most significant correlation was found between the
combined MBL/SSL measure of speech sound complexity
at ages 19-24 months and the follow-up measure of ar-
ticulation. A nominally significant correlation was found
for this same measure and expressive language at follow-
up. The observation that the average MBL score for ages
7-9 months was clearly elevated in the treatment group,
compared to the untreated controls with CG and the typical
controls, suggests a possible treatment effect at that age.
However, this measure was not correlated with any of the
follow-up measures of articulation and language, a first
indication that perhaps the earliest treatment effects are not
causally related to the outcomes. Speech sound complexity
near the end of the intervention, as measured with averaged
MBL and SSL scores, was correlated with articulation
scores at follow-up, suggesting that these metrics address
the same construct and that MBL and SSL scores near the
end of the intervention predict articulation skills later on.

Conclusions

Overall, the findings from this report are consistent
with a beneficial effect of the BBC intervention on early
speech sound production skills and early expressive vocab-
ulary skills during the intervention and a sustained benefit
on articulation and expressive language skills at follow-up.
This is consistent with the intended change of parent be-
haviors that mediated changes in the children, although
parent behaviors were not explicitly included in this study.
In future studies, we will report direct measures of changes
in parent behaviors.

Not all children with CG develop speech and language
disorders. It is possible that a proportion of the treated chil-
dren with CG would not have developed these disorders but
that the intervention gave them a boost in these areas. This
may explain why two treated children with CG obtained
some speech and language scores above +1.5 SDs at follow-
up. Similarly, the MBL scores at ages 7-9 months were
higher in the treatment group than the untreated and even
the typical children. This may represent a boost in speech
sound complexity skills at that age.

Limitations and Future Studies

The small sample size and some missing data are clear
limitations of this study. Nonetheless, statistically significant
results were found, even with conservative adjustments for

2628 American Journal of Speech-Language Pathology e Vol. 30 s 2616-2634 « November 2021



multiple testing. Because the project is ongoing, new partici-
pants are added continually, and the enrolled participants
generate new data on a monthly basis. Future publications
will report on increasingly larger data sets.

As mentioned, high babble complexity levels predict
high speech and language skills later on in typical children
(American Speech-Language-Hearing Association, 2007,
DePaolis et al., 2013; McCune & Vihman, 2001; Oller
et al., 1998, 1999; Stoel-Gammon, 1989, 2011; Vihman &
Greenlee, 1987; Vihman et al., 1985). Here, we show evi-
dence that the intervention focus on earliest speech produc-
tion during babble was associated with higher complexity
scores in the treated children with CG, compared to un-
treated children with and without CG. We also show that
the treated children with CG obtained average expressive
language skills at follow-up, an unexpected result under
random conditions. Whether the observed growth in lan-
guage skills is influenced by the focus on prespeech skills
or driven mainly by the direct focus on language skills later
on will be investigated in future studies based on more ex-
tensive data, comparing the results in children who started
the intervention prior to 6 months of age to those in chil-
dren who started at 15 months of age. Future studies will
also address many additional aspects of the BBC intervention,
for instance, child health and development across many
domains, parent and child quality of life as a function of
the children’s progress in communication skills, treatment
effects on cognitive development, and the role of CG geno-
type and gender in treatment response.
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Appendix (p. 1 of 2)

The TIDieR (Template for Intervention Description and Replication) Checklist*

T:iDieR
Template for Interv
Description and Replication

The TIDieR (Template for Intervention Description and Replication) Checklist*:

Information to include when describing an intervention and the location of the information

Item Item Where located **
number Primary paper Other  (details)
(page or appendix
number)
BRIEF NAME
1. Provide the name or a phrase that describes the intervention. p.2 ClinicalTrials.gov
CT03838016
WHY
2. Describe any rationale, theory, or goal of the elements essential to the intervention. pp. 2-3
pp. 5-6
WHAT
3. Materials: Describe any physical or informational materials used in the intervention, including those Open Science
provided to participants or used in intervention delivery or in training of intervention providers. Framework
Provide information on where the materials can be accessed (e.g. online appendix, URL). https://osf.iolyzh
t4l)
4. Procedures: Describe each of the procedures, activities, and/or processes used in the intervention, pp. 5-9 Open Science
including any enabling or support activities. Framework
https://osf.iolyzh
t4l)
WHO PROVIDED
5. For each category of intervention provider (e.g. psychologist, nursing assistant), describe their pp. 5—6
expertise, background and any specific training given.
HOw
6. Describe the modes of delivery (e.g. face-to-face or by some other mechanism, such as internet or pp. 5-7
telephone) of the intervention and whether it was provided individually or in a group.
WHERE
7. Describe the type(s) of location(s) where the intervention occurred, including any necessary p.7
infrastructure or relevant features.
WHEN and HOW MUCH
8. Describe the number of times the intervention was delivered and over what period of time including pp. 6=7
the number of sessions, their schedule, and their duration, intensity or dose.
TAILORING
9. If the intervention was planned to be personalised, titrated or adapted, then describe what, why, pp. 5-6
when, and how.
MODIFICATIONS
10.* If the intervention was modified during the course of the study, describe the changes (what, why, p. 4
when, and how).
HOW WELL
1. Planned: If intervention adherence or fidelity was assessed, describe how and by whom, and if any p.8
strategies were used to maintain or improve fidelity, describe them.
12.% Actual: If intervention adherence or fidelity was assessed, describe the extent to which the p.8

intervention was delivered as planned.

TIDieR checklist
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The TIDieR (Template for Intervention Description and Replication) Checklist*

*We strongly recommend using this checklist in conjunction with the TIDieR guide (see BMJ 2014;348:91687), which contains an explanation
and elaboration for each item.

The focus of TIDieR is on reporting details of the intervention elements (and where relevant, comparison elements) of a study. Other elements
and methodological features of studies are covered by other reporting statements and checklists and have not been duplicated as part of
the TIDieR checklist. When a randomized trial is being reported, the TIDieR checklist should be used in conjunction with the CONSORT
statement (see www.consort-statement.org) as an extension of Item 5 of the CONSORT 2010 Statement. When a clinical trial protocol
is being reported, the TIDieR checklist should be used in conjunction with the SPIRIT statement as an extension of ltem 11 of the SPIRIT
2013 Statement (see www.spirit-statement.org). For alternate study designs, TIDieR can be used in conjunction with the appropriate
checklist for that study design (see www.equator-network.org).

**Authors — use N/A if an item is not applicable for the intervention being described. Reviewers — use “?” if information about the
element is not reported/not sufficiently reported.

TIf the information is not provided in the primary article, give details of where this information is available. This may include locations such
as a published protocol or other published articles (provide citation details) or a website (provide the URL).

*If completing the TIDieR checklist for a protocol, these items are not relevant to the protocol and cannot be described until the study is
complete.
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