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ABSTRACT

Purpose: Babble Boot Camp (BBC) is a parent-implemented telepractice inter-
vention for infants at risk for speech and language disorders. BBC uses a
teach—model-coach—review approach, delivered through weekly 15-min virtual
meetings with a speech-language pathologist. We discuss accommodations
needed for successful virtual follow-up test administration and preliminary
assessment outcomes for children with classic galactosemia (CG) and controls
at age 2.5 years.

Method: This clinical trial included 54 participants, 16 children with CG receiv-
ing BBC speech-language intervention from infancy, age 2 years, five children
receiving sensorimotor intervention from infancy and changing to speech-
language intervention at 15 months until 2 years of age, seven controls with
CG, and 26 typically developing controls. The participants’ language and articu-
lation were assessed via telehealth at age 2.5 years.

Results: The Preschool Language Scale—Fifth Edition (PLS-5) was successfully
administered with specific parent instruction and manipulatives assembled from
the child’s home. The GFTA-3 was successfully administered to all but three
children who did not complete this assessment due to limited expressive
vocabularies. Referrals for continued speech therapy based on PLS-5 and
GFTA-3 scores were made for 16% of children who received BBC intervention
from infancy as compared to 40% and 57% of children who began BBC at
15 months of age or did not receive BBC intervention, respectively.
Conclusions: With extended time and accommodations from the standardized
administration guidelines, virtual assessment of speech and language was possible.
However, given the inherent challenges of testing very young children virtually, in-
person assessment is recommended, when possible, for outcome measurements.

Babble Boot Camp (BBC) is a proactive speech and
language intervention designed for young children with a
genetic or environmental risk for significant developmen-
tal delays (Finestack et al., 2022; Peter et al., 2019, 2021,
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2022). The focus of BBC is to foster the earliest forms of
spoken communication. All BBC intervention activities
and routines were designed to be parent-implemented and
incorporated into the child’s daily routine in their natural
environment. BBC is administered via telepractice by a
speech-language pathologist (SLP) who trains parents
using a teach-model-coach-review approach to recognize
and reinforce the following six core communication com-
ponents: (a) intentional eye gaze to support bonding, (b)
responding to infant vocalizations to increase vocalization
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behaviors and to build dyadic interactions, (c) eliciting
and reinforcing babble to increase babble complexity and
to build associations between motor gesture and acoustic
output, (d) labeling objects to expand the child’s vocabu-
lary, (e) modeling word productions to increase the child’s
phonemic inventory, and (f) recasting and expanding sim-
ple sentences to build syntactic complexity. The SLP, in
collaboration with the parents, identifies speech and lan-
guage skills that the child is capable of learning but has
not yet mastered, consistent with operating within the
zone of proximal development. Those skills are expected
to develop relatively quickly, becoming the focus of the
SLP’s treatment plan (Smagorinsky, 2018).

BBC was designed to be delivered virtually and has
the advantages of convenience, time efficiency, and
reduced overall cost versus in-person therapy for parents
of infants and toddlers (Behl et al., 2017; Campbell &
Goldstein, 2022a; Thomas et al., 2017). Parents and chil-
dren participate from home, eliminating preparation and
commute time associated with outpatient models. One
advantage of this flexibility is a reduction of cancellations.
On average in the United States, patients do not show up
for 18% of all outpatient appointments, with the no-show
rates ranging from 5% to 55% (Berg et al., 2013). In con-
trast, the BBC families had only an 8% appointment no-
show rate resulting in increased learning opportunities and
decreased wasted provider time (Finestack et al., 2022).
Virtual delivery saves families money by eliminating com-
muting and parking expenses. One additional advantage
of the virtual delivery model for BBC is that parents are
engaged throughout the therapy session and can partici-
pate even when the child is sleeping, thereby further
reducing appointment cancellations and increasing atten-
dance and retention.

The earlier a child is identified as having a risk for a
developmental delay or disorder, the greater the likelihood
that the child will benefit from targeted intervention (Bruder,
2010). Very early intervention can empower families and
increase parenting skills and self-confidence, which in turn
positively impacts a child’s early learning and develop-
ment. Early interventions have also been shown to be
effective because they leverage brain plasticity and avoid
the need to unlearn unintended behaviors (Blauw-Hospers
& Hadders-Algra, 1999; Richter et al.,, 2017). Because
BBC was designed to be delivered via telepractice, we
were not limited by geographic area when deciding on our
sample population; therefore, families who had children
with rare conditions, residing in various locations in the
United States and abroad, were eligible to participate in
this study. We selected infants with classic galactosemia
(CG) as the first population to trial BBC. The infants
with CG were randomly assigned to one of two groups,
Talk Time or Motor Milestones, at the time of enrollment
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between 2 and 6 months of age. Infants assigned to Talk
Time began with weekly speech-language intervention
while infants enrolled in Motor Milestones began with
monthly motor intervention and transitioned to weekly
speech-language intervention at 15 months of age. BBC
intervention stopped for both groups when the children
reached 24 months of age. CG is a rare recessive genetic
disorder that occurs in one of approximately 30,000 live
births in the United States, with a higher prevalence in
individuals of Irish descent (Iwasawa et al., 2019). It is
detected during the routine uniform newborn screening
panel, typically conducted within the first 48-hr after
birth. Individuals with CG have a near absence of an
enzyme, galactose-1-phosphate uridyl transferase, which is
needed to metabolize galactose, one of the sugars making
up the lactose molecule and present in all mammal-
derived milk and milk products. After detection, affected
infants are immediately placed on a lactose-restricted diet,
which rescues the infant from serious kidney, liver, eye
complications, and death, but not from the high probabil-
ity of speech and language disorders (Fridovich-Keil &
Berry, 2022). Early identification of a risk for a speech or
language disorder and effective intervention to possibly
minimize or prevent the disorder would be especially ben-
eficial to the CG population as an estimated 60%-85% of
affected children have long-term expressive language and
speech disorders, including a 180-fold risk for childhood
apraxia of speech (CAS; Overby & Highman, 2021; Potter
et al., 2008; Timmers et al., 2011). Infants at risk for
expressive language delays and CAS often show early
indications of slower language development trajectories
and delayed speech sound acquisition as compared to
their typically developing (TD) peers, with many infants
not meeting cooing and babbling milestones (Highman
et al., 2012, 2013).

To evaluate the effectiveness of BBC, infants
and toddlers are assessed in an ongoing longitudinal
study with standardized indirect and direct assessments.
The Preschool Language Scale-Fifth Edition (PLS-5;
Zimmerman et al.,, 2011) and the Goldman-Fristoe Test
of Articulation-Third Edition (GFTA-3; R. Goldman &
Fristoe, 2017), assessments with sound psychometric prop-
erties, are directly administered to assess early speech and
language abilities. Originally, the BBC intervention was
designed to be delivered via telepractice, with follow-up
assessments completed in person and conducted by local
SLPs. The PLS-5 and GFTA-3 were selected because most
early childhood SLPs are familiar with these assessments.

A challenge precipitated by the COVID-19 pan-
demic was the need to implement virtual assessments with
toddlers. The publisher of the PLS-5 and GFTA-3 advised
that professionals should use their clinical judgment
to determine if an assessment via telepractice was
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appropriate for the examinee and situation (Pearson
Corporation, 2021a, 2021b; Wright et al., 2020). They
further stated that documentation of all considerations,
procedures, and conclusions remained a professional
responsibility, suggesting that remote administration could
be conducted without serious violations of validity or an
inability to interpret the test. In addition, the American
Speech-Language-Hearing Association (ASHA) advised
that standard evaluations may require modifications
that may impact the interpretation of scores but does not
rule out tele-administration of standardized tests, includ-
ing the GFTA-3 and PLS-5 (ASHA, 2021; Freckmann
et al., 2017).

The PLS-5 and the GFTA-3 are available in digital
and print formats, but validity and reliability have not
been formally and rigorously reported in the literature for
remote or virtual administration. A concern with the vir-
tual assessment of young children is that behaviors may
interrupt administration and challenge interpretation. The
GFTA-3 instructional manual indicates that the assess-
ment is appropriate for administration in a comfortable,
quiet, well-lit, home, clinical, or school environment with
minimal distractions (R. Goldman & Fristoe, 2017).
According to the GFTA-3 manual, the SLP may repeat
items if the child is off task, is distracted, has missed the
prompt, or if administration is interrupted. This flexibility
to re-administer items makes the GFTA-3 optimal for
remote administration. In one report in the literature,
Campbell and Goldstein (2022b) administered the GFTA-
3 to children ages 3-8 years, most diagnosed with speech
sound disorders including CAS (Campbell & Goldstein,
2022b). They reported that there were one or more inci-
dents that disrupted scoring on 30% of in-person and 50%
of virtual assessments, but these incidents did not compro-
mise accurate speech sound scoring and virtual and in-
person administration yielded equivalent test results for
individual sounds and standard scores. Thus, there is some
successful precedent and discussion in the literature in sup-
port of remote administration of communication tests
such as the GFTA-3.

The PLS-5 instructional manual states that the
assessment is appropriate for administration in an area of
the child’s home with plenty of light and minimal distrac-
tions with extraneous stimuli removed from the testing
area (Zimmerman et al.,, 2011). Children ages 1-3 years
may be seated on the floor or at a table. The child may
receive credit for passing specific test items if the caregiver
provides specific examples even if the examiner did not
observe the child demonstrating the behavior. Unlike the
GFTA-3, in which all visual stimuli are presented on a
screen, the PLS-5 alternates the stimuli among screen pre-
sentation, verbal instructions, and manipulatives; there-
fore, the PLS-5 manual states that the examiner should

develop competence with assessment via telepractice
through activities such as practicing, studying, consulting
with other professionals, and engaging in professional
development. The PLS-5 has been used in other teleprac-
tice studies with young children, with one study explicitly
using the PLS-5 and its subscales to compare telepractice
and an in-person early intervention delivery (Behl et al.,
2017). Another study examining remote administration of
speech and language tests suggests that the PLS-5 should
be adapted cautiously for remote administration because
it is “designed to provide diagnostic information...[and]
would not capture skill growth as well as studies designed
for broader purposes” (Lund & Werfel, 2022, p. 401).
Thus, there is some precedent for remote administration
of the PLS-5, but it is an emerging tool in this modality
and future work is needed to better understand it.

The full assessment protocol for BBC includes direct
and indirect approaches. Each has its own advantages.
Indirect approaches such as surveys or parent question-
naires typically require less time and effort to complete.
Direct approaches require the commitment of the family,
child, and assessor, typically over a longer time period
and often multiple sessions (Ollington, 2016). We report
on the procedures and outcomes of direct assessment of
children in BBC at ages 2-2.5 years of age. Previous pub-
lications have demonstrated that BBC intervention can be
successfully implemented with high parent satisfaction and
shows early indications of boosting babble and early
speech production (Finestack et al., 2022; Peter et al.,
2019, 2021, 2022). In this report, we examine early out-
comes, along with the advantages and challenges, of asses-
sing receptive, expressive language, and articulation skills
of children in BBC at 2.5 years of age via telepractice.
Specifically, we asked the following research questions.

1.  Can the PLS-5 or GFTA-3 be successfully adminis-
tered virtually to assess toddlers’ speech and lan-
guage skills? If yes, what accommodations facilitate
successful administration?

2. Does virtual test administration duration differ from
in-person test administration duration?

3. Do the follow-up assessments show treatment effects
for the children in the BBC Talk Time treatment
group compared to treatment initiated at 15 months
for the BBC Motor Milestones treatment group or
the children in the no treatment control groups?

Method

Parents provided informed consent to participate in
this study for themselves and provided written permission
for their child’s participation. The study was reviewed and
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approved by the institutional review boards at Arizona
State University (STUDY00004969) and Washington
State University (13099-014, 19422-001) and is registered
at ClinicalTrials.gov under Beate Peter and at Open Sci-
ence Framework under https://osf.io/yzht4/.

Participants

The study included 28 children with CG and 26 TD
children. To be eligible for the study, the children with CG
had a confirmed genetic neonatal diagnosis with no evi-
dence of other chromosomal, sensory, or medical condi-
tions. Children with CG were recruited through referrals by
health care providers, via social media or online announce-
ments on the Galactosemia Foundation website (https:/
galactosemia.org). The families of the children with CG
were enrolled in this study as soon as possible following
referral or initial contact and always within a month fol-
lowing their referral.

All BBC families needed to have at least one parent
who completed high school or earned their general educa-
tion diploma. Most parents (69%) had earned a bachelor’s
or graduate degree. Participating families spoke English as
their primary language and lived in the United States (n =
29) or the United Kingdom (n = 3). Internet access was
required, and all families already had computers and
Internet access. Most families identified their child as
White, not Hispanic (n = 31). One family identified their
child as Black. The limited diversity in our participant
pool reflects the genetic risk for CG being concentrated in
people of European, predominantly Irish, decent (Iwasawa
et al., 2019).

BBC TD controls were volunteers known to the
research team or recruited by word of mouth or social
media. They were a sample of convenience and were
included as age-matched controls because only a few chil-
dren in the BBC TD control group (n = 4) had reached
2.5 years of age at the time of this report. The TD con-
trols were from the HomeBank (VanDam et al., 2016)

Table 1. Demographic and group details of participants.

and the Cougar Corpus repositories (VanDam, 2018),
together referred to as HomeBank TD controls in this
report. The data for this study were collected from the
HomeBank repository because they represented compara-
ble demographic characteristics and included GFTA-3 for
all the children. None of the TD children received inter-
vention. The HomeBank TD children had at least one
parent who completed high school or equivalent, all spoke
English as their primary language, and all lived in the
United States. All identified their children as White, and
one identified as Hispanic. All HomeBank TD controls
reported no disabilities or developmental concerns.

Demographic and group details are included in
Table 1. CG Infants were randomly assigned to engage in
BBC at two different time points. The BBC Talk Time
group included 16 children with CG who received weekly
BBC speech-language intervention from the time of enroll-
ment at ages 2-6 months until 24 months of age. The
BBC Motor Milestones group included five children with
CG who received biweekly sensorimotor/occupational
therapy intervention from the time of enrollment, at ages
2-6 months, through age 14 months and then discontin-
ued sensorimotor therapy intervention and began weekly
BBC speech-language intervention from 15 months until
24 months of age. The Motor Milestones group was
included as a control group with less frequent intervention
during the sensorimotor/occupational therapy intervention
period to examine if the predicted long-term positive out-
comes were related to the provision of parent-implemented
intervention in general during infancy or to the specific
BBC early speech-language intervention. The BBC CG
control group included a total of seven children. One child
enrolled in the study between 2 and 6 months of age and
was randomized into a control group. Six children enrolled
as toddlers and did not receive intervention. The families of
the children with CG enrolled as toddlers had either not
heard about BBC before their child reached 6 months of
age or the added demands of the pandemic prevented them
from responding to the study announcements. The BBC

Group Males Females Total n Diagnosis
BBC Talk Time 8 8 16 CG
BBC Motor Milestones 1 4 5 CG
BBC CG controls 2 5 7 CG
BBC TD controls 1 3 4 TD
HomeBank TD controls 11 11 22 TD
Total participants with CG 11 17 28 CG
Total TD participants 12 14 26 D
Total participants 23 31 54 Mixed

Note. Talk Time and Motor Milestones are two different treatment arms of Babble Boot Camp. HomeBank is an online, public corpus
including TD children used here as controls. BBC = Babble Boot Camp; CG = classic galactosemia; TD = typically developing.

4 Journal of Speech, Language, and Hearing Research ¢ 1-13

Downloaded from: https://pubs.asha.org Lauren Thompson on 11/06/2023, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions


http://ClinicalTrials.gov
https://osf.io/yzht4/
https://galactosemia.org
https://galactosemia.org

TD controls were four children who did not have CG or
any other known diagnosis negatively affecting develop-
ment and did not receive BBC intervention. The Home-
Bank TD controls were children ages 22-34 months, mean
age of 28.5 months, did not have intervention, and had
been assessed with the GFTA-3, but not the PLS-5.

The data reported here are part of an ongoing BBC
clinical trial. Participants in the BBC pilot study were
infants assigned to the Talk Time group, accounting for
the larger number of children in this group who have
reached the age of at least 2.5 years compared to the other
groups. While new participant enrollment for the CG pop-
ulation has been completed, most of the children in Motor
Milestones and the controls have not yet reached age
2.5 years and some are still under 1 year of age.

Measures

The GFTA-3 is an articulation test for ages 2:0—
21:11 (years;months); the Sounds-in-Words subtest assesses
initial medial and final sounds for 23 consonant and 15
consonant blends in 60 target words. Children name or
attempt to name all 60 target words. The PLS-5 is a com-
prehensive developmental language assessment for ages
birth to 7;11. The Auditory Comprehension subtest
(PLS-5 AC) assesses receptive language skills, whereas the
Expressive Communication subtest (PLS-5 EC) assesses
expressive language skills. The PLS-5 AC includes 65 num-
bered items, and the PLS-5 EC includes 67 numbered
items. The starting item is based on the child’s chronologi-
cal age. A basal is achieved when a child responds correctly
to three consecutive items, and a ceiling is achieved when a
child misses six consecutive items. Time to complete assess-
ments was computed post hoc from recordings and session
notes. For the PLS-5, only the number of hour-long ses-
sions was recorded due to time-out interruptions reducing
the overall ability to accurately record testing time includ-
ing re-administering earlier correctly answered items to
engage the child at the beginning of a new session, short
breaks for the child to eat or drink, toileting and diapering
breaks, the child leaving the testing area to retrieve a differ-
ent preferred item, and sibling interruptions. GFTA-3 test-
ing time was recorded in minutes.

Procedure

Children’s speech and language were assessed, using
the PLS-5 and GFTA-3, at age 2.5 years, 6-months after
they had completed BBC intervention. These two assess-
ments were administered in connection with a battery of
indirect standardized tests, not further reported here. Early
in the pandemic, our research team tried virtually admin-
istering these assessments to two children at 24-months of

age. The children had difficulty staying focused on the
screen in their home environment and crawled onto the
table or left the testing area. Following the assessment
attempt with 24-month-olds, the BBC team made the deci-
sion to move the assessment ages to 2.5, 3.5, and 4.5 years
to increase success rates. Three 1-hr virtual assessment ses-
sions were scheduled on separate days within 2-weeks for
each child. The GFTA-3 and items from the PLS-5 AC
were completed during Session 1. The remaining items
from the PLS-5 AC and all of PLS-EC were completed
during Session 2 and Session 3, if needed. Assessment ses-
sions were discontinued when the child exhibited fatigue
or could not be redirected to the assessment. Children
were allowed short breaks as needed. Assessments were
conducted and recorded over Zoom with pictures pre-
sented electronically over a shared screen. Two examiners
were present on Zoom for > 80% of the assessment ses-
sions. A single examiner was present for all other assess-
ment sessions. When two examiners were present, one
examiner shared their screen and provided the question,
model, or instructions to the parent or child, per the stan-
dardized administration guidelines in the assessment man-
uals. Both examiners independently recorded the child’s
answers. In addition, the second examiner observed the
child and wrote notes regarding the child’s responses. The
assessment team was blinded to the child’s diagnosis and
treatment group membership.

PLS-5

Prior to the first assessment session, parents were
e-mailed a list of objects to assemble to substitute for the
manipulatives in the PLS-5 test kit. All parents had the
required items in their home and did not need to purchase
additional materials. Parents were actively involved in
keeping the child’s attention focused on the assessment
and manipulating objects for the PLS-5. The PLS-5 man-
ual states that items requiring manipulatives cannot be
administered remotely unless a specially trained facilitator
is at the remote site (Zimmerman et al., 2011). If such a
facilitator is well trained and in a professional role (i.e., a
professional facilitator), he or she can be provided with
training to administer test items that have manipulatives
specific to PLS-5, as well as adjust audiovisual equipment.
In times when physical distancing is necessary (such as the
COVID-19 pandemic), using a professional facilitator may
not be safe or feasible. If testing must occur under these
conditions, it is possible that the examinee may participate
with a caregiver as an on-site facilitator to assist the child
during the test session. For the PLS-5, parents were given
specific instructions for test items with manipulatives
immediately before asking the child to complete the task
(e.g., “Scatter eight crayons on the table”). When specific
instructions would compromise the child’s response,
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instructions were spelled (e.g., “Put the spoon U-N-D-E-R
the box™). The sequence of items on the PLS-5 alternates
between the child viewing pictures in the manual or on the
screen and manipulating objects. The manual’s instructions
for item administration state that the items may be admin-
istered out of sequence to maximize the child’s perfor-
mance. We administered groups of test items requiring
manipulating objects and groups of items requiring atten-
tion to the screen to minimize transitions for children and
their parents who were facilitating the assessment. Parents
verbally indicated “R” for right and “W” for wrong for
responses that were not visible to the examiner.

Parents may be concerned when their child misses
the six consecutive items needed to reach a test ceiling on
the PLS-5. The PLS-5 manual instructs that the examiner
should explain to a parent or caregiver who is present dur-
ing the assessment that some of the items will exceed the
child’s abilities. To minimize parental distress, we explained
that we would be testing beyond the child’s abilities and
stated when the child was at the starting point for ages 4,
5, 6, or 7 years. Since the PLS-5 administration was spread
out over two to three sessions with breaks as needed, often
the assessment was discontinued mid-subtest and resumed
on the next scheduled day. The examiners intentionally
used repetition of an earlier correctly answered item to
increase the child’s initial success to start the session. The
PLS-5 was scored online when two examiners were present
or with video review as needed when only one examiner
was present.

GFTA-3

The GFTA-3 test manual directions suggest using
the question, “What is this?” to elicit target responses for
most items (R. Goldman & Fristoe, 2017). It is acceptable
for the examiner to vary the stimulus question, but the
item’s name should not be included in the prompt. Indi-
viduals may also name the item without a prompt. If the
individual cannot name the item, the examiner may pro-
vide the item’s name followed by an intervening sentence
without the item’s name. The manual does not state if, or
what, modifications were needed to elicit the targets with
toddlers. In this study, the GFTA-3 was administered per
standardized directions by asking the child, “What is
this?” or waiting for the child to name the target. If the
child was unable to name the target the examiner stated,
“This is a . What is it?” If the child did not name
the target or the response was incorrect, the target was
elicited in imitation. The GFTA-3 was scored online by
both examiners and postadministration by consensus with
an experienced SLP/researcher and a graduate student.
The SLP/researcher (N.L.P., first author) had clinical and
research expertise in galactosemia and the assessment of
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severe speech sound disorders, including CAS. Following
each GFTA-3 assessment, the examiners completed an
item-by-item comparison. All questionable phoneme pro-
ductions and any scoring discrepancies between examiners
were resolved by consensus after watching and listening to
the recording of each target item a maximum of 3 times.
When only one examiner was present, the same examiner
rescored the entire assessment after watching and listening
to the recording of each target a maximum of 3 times.
Any item that was in question was video-reviewed and
rescored by the consensus of two examiners. A child’s pro-
duction was considered correct if there was > 50% adult-
like accuracy on manner, place, and voicing. We used a
consensus process, listening to the recording, indepen-
dently judging manner, place, and voicing, followed by
discussion among examiners, to resolve discrepancies for
two reasons. First, one of the examiners was a graduate
student who was learning to score the GFTA-3; and sec-
ond, it is difficult to judge 2.5-year-olds’ phoneme produc-
tion as correct and incorrect.

Standard Scores

For this study, “within normal limits” was defined
as a standard score between 85 and 115 on the PLS-5 and
GFTA-3. Both assessments are normed to a population
mean of 100 and a standard deviation of 15. A standard
score of 85 corresponded to a PLS-5 AC raw score of 29,
PLS-5 EC raw score of 28, and GFTA-5 raw score of 85—
88. Following the completion of all the assessments, the
examiners met and referred children with standard scores
less than 85 on the PLS-5 or GFTA-3 for further in-
person speech-language evaluation by a local SLP. Based
on the number and type of errors, the examiners also
recorded whether CAS could be reasonably ruled out.

Analyses

Demographic and group variables were entered into
models as independent variables, and GFTA-3 standard
scores, PLS-5 standard scores, and testing time were
treated as dependent variables in separate models. The
data did not meet the assumptions of the parametric
model, for example, the assumptions of a reasonably large
number of observations was not maintained and, by visual
inspection of the histogram, the data did not clearly consti-
tute a normal distribution. We compared pairwise groups
for difference using the nonparametric Wilcoxon—-Mann—
Whitney test. Alpha threshold was set to .05. To estimate
effect sizes, all pairwise comparisons were considered using
Hedge’s g. Hedge’s test is appropriate here because it gives
relative weighting to the distributions under consideration
according to sample size (Grissom & Kim, 2005). Because
of this attention to (dissimilar) sample sizes, Hedge’s test is
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Table 2. Standard scores and standard deviations for the GFTA-3, PLS-5 AC, and PLS-5 EC for all groups.

Assessment (standard BBC Motor BBC CG BBC TD HomeBank TD
score/standard deviation) BBC Talk Time Milestones controls controls controls
GFTA-3 105.6/15.1 96.2/19.5 81.7/21.5 106.7/27.2 98.5/11.7
PLS-5 AC 103.6/11.9 103.8/10.6 93.8/10.4 113.7/18.7

PLS-5 EC 100.3/9.8 102.8/16.7 90.4/14.9 103.7/21.4

Note. GFTA-3 = Goldman-Fristoe Test of Articulation—-Third Edition; PLS-5 AC = Auditory Comprehension subtest of the Preschool Lan-
guage Scale—Fifth Edition; PLS-5 EC = Expressive Communication subtest of the Preschool Language Scale—Fifth Edition; BBC = Babble

Boot Camp; CG = classic galactosemia; TD = typically developing.

suitable for the present data. The Hedge’s g statistic is
interpreted in terms of standard deviations difference-scores
between the samples.

Results

All the children in BBC at age 2.5 years were able
to complete the PLS-5 AC and EC subtests by achieving
basal and ceiling scores. In the sample reported here, the
PLS-5 standard scores did not differ between any groups
based on pairwise comparisons (all p values > .1); however,
it is noted that the statistical tests have a modest number
of participants in the Motor Milestones and control
groups. The preliminary results reported here show that
the children in the BBC Talk Time and BBC Motor Mile-
stones intervention groups had PLS-5 AC mean standard
scores of 103, indicating typical language development,
which is above the scores for the BBC CG controls but
below the BBC TD controls (see Table 2). PLS-5 EC stan-
dard scores were comparable across the BBC Talk Time,
BBC Motor Milestones, and BBC TD control groups
but lower in the BBC CG control group. Summary statis-
tics including means, standard deviations, test statistics,
observed probability values, and effects sizes represented
by Hedge’s g are shown in Tables 2-5. Overall, three chil-
dren had PLS AC standard scores above 115 (two from
Talk Time, one from the BBC TD control group) and two
children (both from the BBC CG control group) had stan-
dard scores below 85. The remaining 27 children were
within normal limits of 85-115. On the PLS-5 EC subtest,
three children had standard scores above 115 (one from

Talk Time, one from Motor Milestones, one from the
BBC TD control group) and five had standard scores
below 85 (one from Talk Time, one from Motor Mile-
stones, two from BBC CG control group, one from the
BBC TD control group). The remaining 24 children were
within normal limits of 85-115.

None of the BBC participants were able to sponta-
neously name all the GFTA-3 targets (e.g., “vegetable,”
“pajamas,” “crown”) and required a model followed by
the question, “What is this?” or direct imitation of the
examiner’s model. All children except three were able to
complete the GFTA-3. The three children (all in the CG
control group) who attempted the GFTA-3 were unable
to complete it due to limited expressive vocabularies (e.g.,
[e.g., baba] for most responses), simplified syllables (e.g.,
[po] for “apple”), and single phonemes (e.g., [p] for “pig”)
to approximate the targets. For the GFTA-3 comparisons,
the BBC CG control group had lower standard scores
than the BBC TD control group (U = 2.34, p = .019). No
other comparisons reached statistical significance. The pre-
liminary results reported here show a trend toward similar
performance on the GFTA-3 for the BBC Talk Time
group and BBC TD control groups with slightly better
articulation skills than the BBC Motor Milestones and
significantly better than the BBC CG control group. Over-
all, nine children had GFTA-3 standard scores above 115
(four from Talk Time, one from Motor Milestones, two
from the CG control group, two from the HomeBank TD
control group), and 10 children had standard scores below
85 (one from Talk Time, two from Motor Milestones,
four from the CG control group, one from the BBC TD
control group, two from the HomeBank TD control

Table 3. Number of children with a Goldman-Fristoe Test of Articulation—Third Edition (GFTA-3) raw score of > 85 (raw score = number of errors).

Group Male Female n/total Diagnosis
BBC Talk Time 1/8 (13%) 1/8 (13%) 2/16 (13%) CG
BBC Motor Milestones 1/1 (100%) 1/4 (25%) 2/5 (40%) CG
CG no BBC intervention 2/2 (100%) 2/5 (40%) 4/7 (57%) CG
BBC TD controls 0/1 (0%) 1/3 (33%) 1/4 (25%) TD

Note. Raw score of 85 corresponds to a standard score of < 85 or -1 SD on the GFTA-3. BBC = Babble Boot Camp; CG = classic galac-

tosemia; TD = typically developing.
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Table 4. Observed probability and Mann—-Whitney U scores (given as z scores) for each pairwise comparison.

BBC TD &

Mann-Whitney U BBC Motor HomeBank TD
(p/z value) Group BBC Talk Time Milestones BBC CG controls controls
GFTA-3 MM .26/1.11

CG ctr .019/2.34 .32/0.98

TD ctr .70/-0.37 .54/-0.61 .10/-1.62

TDHB .066/1.83 .66/-0.43 .07/-1.76 .33/0.96
PLS-5 AC MM .96/-0.04

CG ctr .13/1.50 .22/1.22

TD ctr .29/-1.04 .45/-0.75 .08/-1.70
PLS-5 EC MM .61/-0.49

CG ctr .15/1.40 .28/1.06

TD ctr .96/-0.04 .99/0.01 .39/-0.85

Note. BBC = Babble Boot Camp; CG = classic galactosemia; TD = typically developing; GFTA-3 = Goldman-Fristoe Test of Articulation—Third
Edition; MM = Motor Milestones; ctr = control; TDHB = typically developing HomeBank; PLS-5 AC = Auditory Comprehension subtest of the
Preschool Language Scale—Fifth Edition; PLS-5 EC = Expressive Communication subtest of the Preschool Language Scale—Fifth Edition.

group). The remaining 35 children were within normal
limits of 85-115. Summary descriptive statistics are given
for all tests and all groups in Figure 1 and Table 2.

About half of the children (52%) completed the PLS-
5 and GFTA-3 in two 1-hr assessment sessions and the rest
required three 1-hr sessions. The PLS-5 manual states that
the assessment takes 45-60 min to administer. Virtual
administration time was longer but could not be accurately
calculated as there were interruptions for multiple reasons,
as discussed in the procedure section, and most children
required multiple breaks. The GFTA-3 manual states that
the assessment takes 5-15 min to administer. Virtual
administration time for this assessment at age 2.5 years
ranged from 9 to 33 min with a mean of 19 min.

Following the assessments, the SLP/researcher and
one graduate student on the assessment team discussed the
child’s performance and follow-up recommendations. We

determined that CAS or other severe speech disorders
could be not ruled out if the child showed early signs of
speech delay/disorder with decreased intelligibility, GFTA-
3 standard scores below 85, and errors characterized by
omissions, substitutions, vowel errors, consonant voicing
errors, and distortions. CAS could not be ruled out, and
further speech-language evaluation and intervention were
recommended for a total of nine children, 57% (n = 4) of
the children in the BBC CG control group, 40% (n = 2) of
the children in the BBC Motor Milestones, 25% (n = 1) in
the BBC TD control group, and 13% (n = 2) of the chil-
dren in the BBC Talk Time group. Of the nine children
referred for further in-person speech-language follow-up,
two had PLS-5 AC standard scores and four had PLS-5
EC standard scores below 85. No children were referred
for in-person speech-language based on their PLS-5 stan-
dard scores alone. Only one other child had a PLS-5 EC
standard score slightly below 85, but this child showed

Table 5. Effect sizes represented by Hedge’s g for each pairwise comparison.

Effect size, BBC Motor BBC TD & HomeBank
Hedge’s g Group BBC Talk Time Milestones BBC CG controls TD controls
GFTA-3 MM 0.622

CG ctr 1.391 0.699

TD ctr 0.062 0.454 1.061

TDHB 0.536 0.173 1.161 0.562
PLS-5 AC MM 0.017

CG ctr 0.852 0.954

TD ctr 0.76 0.676 1.448
PLS-5 EC MM 0.215

CG ctr 0.861 0.792

TD ctr 0.031 0.047 0.767

Note. BBC = Babble Boot Camp; CG = classic galactosemia; TD = typically developing; GFTA-3 = Goldman-Fristoe Test of Articulation—Third
Edition; MM = Motor Milestones; ctr = control; TDHB = typically developing HomeBank; PLS-5 AC = Auditory Comprehension subtest of the
Preschool Language Scale—Fifth Edition; PLS-5 EC = Expressive Communication subtest of the Preschool Language Scale—Fifth Edition.
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Figure 1. Means (triangles) and standard deviations (vertical lines)
across groups for the GFTA-3 (articulation), PLS-5 AC (receptive
language), PLS-5 EC (expressive language) standard scores.
GFTA-3 = Goldman-Fristoe Test of Articulation—Third Edition ;
PLS-5 AC = Auditory Comprehension subtest of the Preschool
Language Scale—Fifth Edition; PLS-5 EC = Expressive Communi-
cation subtest of the Preschool Language Scale—Fifth Edition;
TT = Talk Time (black); MM = Motor Milestones (green); CG = BBC
Classic Galactosemia untreated controls (aqua); TD = typically
developing controls (red); HB = HomeBank typically developing
controls (blue); BBC = Babble Boot Camp.
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signs of being distracted during this subtest and had PLS-
5 AC and GFTA-3 standard scores within normal limits
so was not referred for follow-up at the time of testing.
This child will be referred if standard scores are less than
85 when assessed at age 3.5 years.

Discussion

This study examined the follow-up speech and lan-
guage assessments of children in BBC Talk Time and
Motor Milestones at age 2.5;6 after their BBC interven-
tion ended, and controls who did not receive BBC inter-
vention. We aimed to describe what accommodations were
needed for the successful administration of the PLS-5 and
GFTA-3 and whether the follow-up assessments showed
treatment effects.

Feasibility of Virtual Assessments

BBC intervention is well suited for telepractice
administration with parents reporting that they valued the
information and support, the intervention was well-
designed, and their child benefited from participating in
BBC (Finestack et al., 2022). The virtual direct assessment
of 2.5-year-olds with standardized tests was challenging
and less well suited than the intervention, but still possi-
ble. The original plan for the BBC clinical trial was for
parent-coaching to be virtual with direct follow-up assess-
ment by a local SLP at participant ages 2, 3, and 4 years
using the PLS-5 and GFTA-3. The publisher of the PLS-5
and GFTA-3 advised that professionals should use their

clinical judgment to determine if an assessment via tele-
practice was appropriate for the examinee and situation,
but due to the Covid-19 pandemic, all assessments moved
to a virtual administration (ASHA, 2021; Pearson Corpo-
ration, 2021a, 2021b; Wright et al., 2020). The PLS-5
manual states that the examiner should develop compe-
tence with assessment via telepractice through activities
such as practicing, studying, consulting with other profes-
sionals, and engaging in professional development. The
SLP/researcher had more than 15 years of experience
using telepractice for assessment and intervention prior to
the pandemic. These factors taken together are all consis-
tent with the letter and the spirit of test administration
and interpretation.

Early in the pandemic when the surface transmission
risk was unknown, we asked parents to assemble a kit of
manipulatives for the PLS-5 from a list sent in advance
rather than mail a set of manipulatives that carried an
unknown risk of disease transmission (E. Goldman, 2020;
Greenhalgh et al., 2021; Zimmerman et al., 2011). An
unintended positive consequence of using test manipulatives
from the child’s environment was that the familiar items
acted as natural reinforcers. Natural reinforcers are familiar
items that have high availability within the child’s natural
environment and serve to facilitate a child’s successful per-
formance (Los Horcones, 1992). Parents reported that they
chose the child’s preferred items to use during test adminis-
tration. Children engaged quickly with their favorite stuffed
animal, substituted for the plastic purple bear from the
PLS-5 test kit, when asked to share their crayons with their
stuffed animal or give it a drink. The greatest challenge
with using parents as facilitators, rather than the recom-
mended professional facilitator for the assessments, was
that all parents want their child to succeed so watching
their child miss six consecutive items to reach the PLS-5
ceiling was stressful for parents (Zimmerman et al., 2011).
Parents were noticeably more at ease serving as the test
facilitator when the examiners stated, “We are now at the
starting point for age __.” At times, parents started to
restate the PLS-5 questions or instructions when their child
did not appear to understand. In these instances, parents
were gently reminded that they may provide a repetition
but may not change the wording.

Assessment Time

The parents’ primary responsibility during the
administration of the GFTA-3 was to keep the child
engaged and redirect their attention to the screen as
needed. Some parents asked if they could use a food item
to reward their child for attending and participating dur-
ing the assessment. We requested that parents withhold
food items during the GFTA-3 administration and, while
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not encouraged, we allowed food reinforcers during the
PLS-5 administration. Most 2.5-year-olds have limited
attention spans and do not typically return to a previous
location or return their attention to a previous activity fol-
lowing a pause or a break. Offering a snack in the testing
area seemed to encourage the children to remain in the
assessment location (Sarid & Breznitz, 1997).

The mean administration time of 19 min slightly
exceeded the publisher’s 15-min maximum estimated time
required to administer the GFTA-3 in person as stated in
the manual with most children completing the GFTA-3
without needing a break (R. Goldman & Fristoe, 2017).
Considering that the published administration time was
inclusive of ages 2-21 years and that in-person administra-
tion time for the GFTA-3 for children ages 2-3 years was
not specifically stated, it would be reasonable to assume
that young children would likely require more time com-
pared to the administration time with older children. Par-
ents appeared comfortable during the GFTA-3 assessment
and often were surprised by their child’s spontaneous
naming of items they did not predict the child could
name. The examiners chose to discontinue the GFTA-3
assessment for the three children with limited expressive
vocabulary and lexical inventories when the parent or
child showed signs of frustration and distress.

Treatment Effects

The early results of the direct follow-up assessments
indicate that BBC parent-implemented very early interven-
tion, whether speech-language or motor focused, appeared
to positively impact language development. Nearly all the
children in the BBC Talk Time group, who received weekly
speech-language intervention from infancy to age 2 years,
and the BBC Motor Milestones group, who received bi-
weekly motor intervention from infancy through age
14 months and then weekly speech-language intervention
until age 2 years demonstrated typical language develop-
ment at 2.5 years of age while 29% of the CG control
group, who received no intervention, had receptive and
expressive language delays. Speech-language disorders are
estimated to affect 50%-60% of the children with CG who
have had standard care, with CAS affecting about 24% of
the children with speech disorders (Shriberg et al., 2011).
Most children with CG have expressive language disorders
with normal or near-normal receptive language (Potter
et al., 2008). Expressive language delays were less prevalent
than expected in our sample. Using the PLS-5 standard
score of less than 85, only two children, both in the CG
control group, had receptive and expressive language
delays, and an additional three children had only expressive
language delays (one each from Talk Time, Motor Mile-
stones, and BBC TD control group). Across all the CG
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groups, language delays were less prevalent than we
expected based on other studies examining language devel-
opment in CG. One possible explanation is that, as dis-
cussed by other assessment teams, the PLS-5 is not sensitive
for detecting subtle expressive language delays and disorders
at age 2.5 years (https://community.asha.org/viewdocument/
pls-S-validity-study?CommunityKey=f64f6543-3ba0-445e-bbe7-
al14586106c59&tab=librarydocuments). The BBC study fol-
lows children until 4.5 years of age, and we predict that the
children with CG in the control group will have a higher
prevalence of language delays as more complex language
skills are expected to emerge.

Our finding that children who received BBC Talk
Time intervention from infancy to 2 years of age had
fewer speech errors when assessed at age 2.5 years than
infants with no intervention supports the premise that
BBC speech-language intervention reduces the risk of later
speech delays. By intervening during early infancy, babies
were exposed to frequent and repetitive correct speech
sound models and given many opportunities to produce
phonemes and phoneme combinations within their zone of
proximal development. We propose that targeting the spe-
cific precursors of speech, a baby’s first words, and later
phrases during the rapid neuroplastic changes that occur
in children under the age of 2 years minimizes acquiring
and habituating errored sound patterns (Natu et al.,
2021). Another possible explanation for the higher perfor-
mance in the Talk Time group, compared to the Motor
Milestones group, is that the intense focus on babble
quantity and complexity during the prespeech phase
served to solidify motor-sound associations that can later
support speech sound production. It is reasonable to
expect that with standard care, more than 50% of the chil-
dren with CG in each BBC group would show indications
of a significant speech delay or disorder and would have a
high risk of CAS. However, there are no universally
accepted standards for prevalence or type of risk factors
that lead to a later CAS diagnosis in children under
3 years of age (Overby & Highman, 2021). In older chil-
dren, one tool referred to as the Mayo 10 is the observa-
tion of at least four of the 10 signs of CAS in three differ-
ent speaking situations (Shriberg et al., 2011, 2017). The
Mayo 10 signs require that the child can produce some
conversation with novel multiword utterances, which is a
developing skill at age 2.5 years. We were able to observe
the children’s performance in this study on two different
standardized assessments. Following the assessments, the
SLP/researcher and one graduate student on the assess-
ment team discussed the child’s performance and follow-
up recommendations. The children who were referred had
more than 85 errors on the GFTA-3, and multiple vowel
errors and voicing errors on consonants, which are the
first two signs on the Mayo 10 list, in addition to
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consistent and inconsistent substitutions, omissions, and
some distortions. These observations are not meant to be a
short list of CAS diagnostic criteria but rather a means to
compare across the different groups of children in BBC.
Young children have heterogeneous speech development;
thus, a delay at 2.5 years is not necessarily indicative of a
persistent speech disorder. However, as supported by the
CAS literature, early speech development of children later
diagnosed with CAS differs from that of TD children in
quantity and quality (Overby & Highman, 2021).

ASHA advises that assessment scores may differ
across in-person and online administration (ASHA, 2021).
Researchers (Campbell & Goldstein, 2022b) examining
virtual versus in-person multiple examiner administration
of the GFTA-3, with 39 children, ages 3-8 years with and
without speech sound disorders, reported that the different
test environments yielded equivalent standard scores. An
earlier telepractice intervention study demonstrated that
the PLS-5 was an effective outcome measure to differenti-
ate between groups of toddlers receiving in-person or tele-
practice speech-language intervention, with the telepractice
intervention group scoring higher than the in-person inter-
vention group (Behl et al., 2017). The authors did not
state whether the PLS-5 was administered in person or via
telepractice for either group. While data comparing in-
person versus telepractice performance on standardized
assessment with children under age 3 years is not currently
available, we confidently report standard scores here as a
comparison among children and groups in this study since
the same BBC team administered and scored the assess-
ments via telepractice. Following the assessments, parents
were sent summary reports with raw scores, standard
scores, confidence intervals, and percentiles with the fol-
lowing caveat statement, “Assessments were not developed
for online administration, so standard scores are estimates
of performance only.”

Limitations

The study is still in progress, so the results are pre-
liminary. We were fortunate to have a telepractice study
underway when the pandemic hit, but had we had an
inkling that the clinical world would go on pause, we
would have tested in-person and online administration of
follow-up assessments prior to needing them. There is lit-
tle diversity in our participant pool, which reflects the
strong Irish risk factor for CG, but this may limit direct
application to other populations. The HomeBank Control
group was a sample of convenience that was comparable
on age and GFTA scores, but that sample was not con-
trolled in the same systematic ways as the large, more
cohesive data from the CG families and other controls in
the larger BBC study.

Conclusions

Overby and Highman (2021) made a plea for
research to address the great unmet need for treatment
studies focused on the infant and toddler population, espe-
cially children at risk for CAS. They challenged researchers
to develop an effective, impactful, specific intervention to
address our youngest clients’ unique needs, attentional
focus, memory, and learning style. BBC is an answer to
this great unmet need with a practical parent-implemented
approach for at-risk infants that can be administered by
SLPs via telepractice in 20-min weekly sessions. Without
intervention, we would expect that more than 50% of the
children with CG would demonstrate delays in language
and articulation development. Our early positive effect sizes
show that at 2.5 years of age the children who received
BBC intervention as infants until age 2 years were perform-
ing as well in receptive and expressive language and articu-
lation at the phoneme in words level as the TD controls. In
addition to showing early effectiveness, BBC intervention
had high parent involvement and satisfaction.

We demonstrated that it is possible to successfully
administer standardized assessments with parents as the
test facilitators via telepractice with children as young as
2.5 years of age. In addition to access to a computer and
Internet service, successful administration requires advance
preparation to assemble substitute physical stimuli and
multiple scheduled sessions. Although feasible, given the
inherent challenges of testing very young children virtu-
ally, in-person assessment is recommended, when possible,
for outcome measurements.

Author Contributions

Nancy L. Potter: Conceptualization (Equal), Investi-
gation (Lead), Writing — original draft (Equal), Writing —
review & editing (Equal). Mark VanDam: Conceptualiza-
tion (Equal), Methodology (Lead), Writing — original draft
(Equal), Writing — review & editing (Equal). Laurel Bruce:
Writing — review & editing (Supporting). Jenny Davis:
Conceptualization (Equal), Investigation (Equal), Writing —
review & editing (Supporting). Linda Eng: Project admin-
istration (Equal), Writing — review & editing (Support-
ing). Lizbeth H. Finestack: Conceptualization (Equal),
Methodology (Equal), Writing — review & editing
(Equal). Victoria Heinlen: Investigation (Equal), Writing —
original draft (Equal), Writing — review & editing (Sup-
porting). Nancy Scherer: Writing — review & editing
(Supporting). Claire Schrock: Investigation (Equal),
Writing — review & editing (Supporting). Ryan Seltzer:
Methodology (Supporting), Writing — review & editing
(Supporting). Carol Stoel-Gammon: Conceptualization

Potter et al.: Virtual Speech and Language Assessment of Toddlers 11

Downloaded from: https://pubs.asha.org Lauren Thompson on 11/06/2023, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions



(Equal), Writing — review & editing (Supporting). Lauren
Thompson: Methodology (Equal), Writing — review &
editing (Equal). Beate Peter: Conceptualization (Lead),
Project administration (Lead), Writing — review & editing
(Equal).

Data Availability Statement

The data sets generated during and/or analyzed dur-
ing this study are available in anonymized form from the
corresponding author on reasonable request.

Acknowledgments

This research was funded by Eunice Kennedy Shriver
National Institute of Child Health and Human Develop-
ment RO1 SROIHD098253 to B. Peter, N. Potter, and M.
VanDam; Arizona State University New Faculty Startup
Fund award to B. Peter; Arizona State University Insti-
tute for Social Science Research to B. Peter; private dona-
tions to the College of Health Solutions Babble Boot
Camp Gift fund at the Arizona State University Founda-
tion; and the National Science Foundation Social Behav-
ioral and Economic Resource Implementations for Data
Intensive Research 1539133, Washington Research Foun-
dation to M. VanDam. We thank the parents and children
who faithfully stayed with this clinical trial requiring fre-
quent participation and long-term dedication. To our
researchers and students who worked tirelessly to launch
and sustain this work, thank you. A clinical trial with
babies does take a village.

References

American Speech-Language-Hearing Association. (2021). Consider-
ations for speech, language, and cognitive assessment via tele-
practice. https://www.asha.org/slp/clinical/considerations-for-speech-
language-and-cognitive-assessment-via-telepractice/

Behl, D. D., Blaiser, K., Cook, G., Barrett, T., Callow-Heusser,
C., Brooks, B. M., Dawson, P., Quigley, S., White, K. R.,
& White, K. R. (2017). A multisite study evaluating the
benefits of early intervention via telepractice. Infants and
Young Children, 30(2), 147-161. https://doi.org/10.1097/
I'YC.0000000000000090

Berg, B. P., Murr, M., Chermak, D., Woodall, J., Pignone, M.,
Sandler, R. S., & Denton, B. T. (2013). Estimating the cost of
no-shows and evaluating the effects of mitigation strategies.
Medical Decision Making, 33(8), 976-985. https://doi.org/10.
1177/0272989X13478194

Blauw-Hospers, C. H., & Hadders-Algra, M. (1999). A systematic
review of the effects of early intervention on motor develop-
ment. Developmental Medicine & Child Neurology, 47(6), 421—
432. https://doi.org/10.1017/S0012162205000824

12 Journal of Speech, Language, and Hearing Research e 1-13

Bruder, M. B. (2010). Early childhood intervention: A promise to
children and families for their future. Exceptional Children,
76(3), 339-355. https://doi.org/10.1177/001440291007600306

Campbell, D. R., & Goldstein, H. (2022a). Evolution of telehealth
technology, evaluations, and therapy: Effects of the COVID-
19 pandemic on pediatric speech-language pathology services.
American Journal of Speech-Language Pathology, 31(1), 271—
286. https://doi.org/10.1044/2021_AJSLP-21-00069

Campbell, D. R., & Goldstein, H. (2022b). Reliability of scoring
telehealth speech sound assessments administered in real-
world scenarios. American Journal of Speech-Language
Pathology, 31(3), 1338-1353. https://doi.org/10.1044/2022_
AJSLP-21-00219

Finestack, L. H., Potter, N., VanDam, M., Davis, J., Bruce, L.,
Scherer, N., Eng, L., & Peter, B. (2022). Feasibility of a pro-
active parent-implemented communication intervention deliv-
ered via telepractice for children with classic galactosemia.
American Journal of Speech-Language Pathology, 31(6), 2527—
2538. https://doi.org/10.1044/2022_AJSLP-22-00107

Freckmann, A., Hines, M., & Lincoln, M. (2017). Clinicians’ per-
spectives of therapeutic alliance in face-to-face and teleprac-
tice speech-language pathology sessions. International Journal
of Speech-Language Pathology, 19(3), 287-296. https://doi.org/
10.1080/17549507.2017.1292547

Fridovich-Keil, J. L., & Berry, G. T. (2022). Pathophysiology of
long-term complications in classic galactosemia: What we do
and do not know. Molecular Genetics and Metabolism,
137(1-2), 33-39. https://doi.org/10.1016/j.ymgme.2022.07.005

Goldman, E. (2020). Exaggerated risk of transmission of COVID-
19 by fomites. The Lancet Infectious Diseases, 20(8), 892-893.
https://doi.org/10.1016/S1473-3099(20)30561-2

Goldman, R., & Fristoe, M. (2017). Goldman-Fristoe Test of
Articulation—Third Edition (GFTA-3). Pearson.

Greenhalgh, T., Jimenez, J. L., Prather, K. A., Tufekci, Z.,
Fisman, D., & Schooley, R. (2021). Ten scientific reasons
in support of airborne transmission of SARS-CoV-2. The
Lancet, 397(10285), 1603-1605. https://doi.org/10.1016/S0140-
6736(21)00869-2

Grissom, R. J., & Kim, J. J. (2005). Effect sizes for research: A
broad practical approach. Erlbaum.

Highman, C., Hennessey, N. W., Leitao, S., & Piek, J. P. (2013).
Early development in infants at risk of childhood apraxia of
speech: A longitudinal investigation. Developmental Neuropsy-
chology, 38(3), 197-210. https://doi.org/10.1080/87565641.2013.
774405

Highman, C., Leitao, S., Hennessey, N., & Piek, J. (2012). Prelin-
guistic communication development in children with child-
hood apraxia of speech: A retrospective analysis. International
Journal of Speech-Language Pathology, 14(1), 35-47. https:/
doi.org/10.3109/17549507.2011.596221

Iwasawa, S., Kikuchi, A., Wada, Y., Arai-Ichinoi, N., Sakamoto,
0., Tamiya, G., & Kure, S. (2019). The prevalence of GALM
mutations that cause galactosemia: A database of functionally
evaluated variants. Molecular Genetics and Metabolism,
126(4), 362-367. https://doi.org/10.1016/j.ymgme.2019.01.018

Los Horcones, C. (1992). Natural reinforcement: A way to
improve education. Journal of Applied Behavior Analysis,
25(1), 71-75. https://doi.org/10.1901/jaba.1992.25-71

Lund, E., & Werfel, K. L. (2022). The effects of virtual assess-
ment on capturing skill growth in children with hearing loss.
Language, Speech, and Hearing Services in Schools, 53(2),
391-403. https://doi.org/10.1044/2021_LSHSS-21-00074

Natu, V. S., Rosenke, M., Wu, H., Querdasi, F. R., Kular, H.,
Lopez-Alvarez, N., Grotheer, M., Berman, S., Mezer, A. A., &

Downloaded from: https://pubs.asha.org Lauren Thompson on 11/06/2023, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions


https://www.asha.org/slp/clinical/considerations-for-speech-language-and-cognitive-assessment-via-telepractice/
https://www.asha.org/slp/clinical/considerations-for-speech-language-and-cognitive-assessment-via-telepractice/
https://doi.org/10.1097/IYC.0000000000000090
https://doi.org/10.1097/IYC.0000000000000090
https://doi.org/10.1177/0272989X13478194
https://doi.org/10.1177/0272989X13478194
https://doi.org/10.1017/S0012162205000824
https://doi.org/10.1177/001440291007600306
https://doi.org/10.1044/2021_AJSLP-21-00069
https://doi.org/10.1044/2022_AJSLP-21-00219
https://doi.org/10.1044/2022_AJSLP-21-00219
https://doi.org/10.1044/2022_AJSLP-22-00107
https://doi.org/10.1080/17549507.2017.1292547
https://doi.org/10.1080/17549507.2017.1292547
https://doi.org/10.1016/j.ymgme.2022.07.005
https://doi.org/10.1016/S1473-3099(20)30561-2
https://doi.org/10.1016/S0140-6736(21)00869-2
https://doi.org/10.1016/S0140-6736(21)00869-2
https://doi.org/10.1080/87565641.2013.774405
https://doi.org/10.1080/87565641.2013.774405
https://doi.org/10.3109/17549507.2011.596221
https://doi.org/10.3109/17549507.2011.596221
https://doi.org/10.1016/j.ymgme.2019.01.018
https://doi.org/10.1901/jaba.1992.25-71
https://doi.org/10.1044/2021_LSHSS-21-00074

Grill-Spector, K. (2021). Infants’ cortex undergoes microstruc-
tural growth coupled with myelination during development.
Communications Biology, 4(1), 1191-1112. https://doi.org/10.
1038/542003-021-02706-w

Ollington, N. (2016). Comparison of a direct and an indirect
approach for the functional assessment of insistence on same-
ness in a child with autism spectrum disorder and a typically
developing child. Developmental Neurorehabilitation, 19(1),
38-45. https://doi.org/10.3109/17518423.2014.898161

Overby, M., & Highman, C. (2021). The need for increased study
of infants and toddlers later diagnosed with childhood apraxia
of speech. Perspectives of the ASHA Special Interest Groups,
6(4), 728-735. https://doi.org/10.1044/2021_PERSP-20-00202

Pearson Corporation. (2021a). Telepractice and the GFTA-3 and
GFTA-3 Spanish. https://[www.pearsonassessments.com/content/
dam/school/global/clinical/us/assets/telepractice/guidance-documents/
telepractice-and-the-gfta-3-and-gfta-3-spanish.pdf

Pearson Corporation. (2021b). Telepractice and the PLS-5 and
PLS-5 Spanish. https:/[www.pearsonassessments.com/content/dam/
school/global/clinical/us/assets/telepractice/guidance-documents/
telepractice-and-the-pls-5-and-pls-5-spanish. pdf

Peter, B., Davis, J., Cotter, S., Belter, A., Williams, E., Stumpf,
M., Bruce, L., Eng, L., Kim, Y., Finestack, L., Stoel-Gammon,
C., Williams, D., Scherer, N., VanDam, M., & Potter, N.
(2021). Toward preventing speech and language disorders of
known genetic origin: First post-intervention results of babble
boot camp in children with classic galactosemia. American
Journal of Speech-Language Pathology, 30(6), 2616-2634.
https://doi.org/10.1044/2021_AJSLP-21-00098

Peter, B., Davis, J., Finestack, L., Stoel-Gammon, C., VanDam,
M., Bruce, L., Kim, Y., Eng, L., Cotter, S., Landis, E.,
Beames, S., Scherer, N., Knerr, 1., Williams, D., Schrock, C.,
& Potter, N. (2022). Translating principles of precision medi-
cine into speech-language pathology: Clinical trial of a proac-
tive speech and language intervention for infants with classic
galactosemia. Human Genetics and Genomics Advances, 3(3),
100119. https://doi.org/10.1016/j.xhgg.2022.100119

Peter, B., Potter, N., Davis, J., Donenfeld-Peled, 1., Finestack, L.,
Stoel-Gammon, C., Lien, K., Bruce, L., Vose, C., Eng, L.,
Yokoyama, H., Olds, D., & VanDam, M. (2019). Toward a
paradigm shift from deficit-based to proactive speech and lan-
guage treatment: Randomized pilot trial of the babble boot
camp in infants with classic galactosemia. FI000Research, 8,
271. https://doi.org/10.12688/f1000research.18062.4

Potter, N. L., Lazarus, J. A., Johnson, J. M., Steiner, R. D., &
Shriberg, L. D. (2008). Correlates of language impairment in
children with galactosaemia. Journal of Inherited Metabolic Dis-
ease, 31(4), 524-532. https://doi.org/10.1007/s10545-008-0877-y

Richter, L. M., Daelmans, B., Lombardi, J., Heymann, J., Boo,
F. L., Behrman, J. R., Lu, C., Lucas, J. E., Perez-Escamilla, R.,
Dua, T., Bhutta, Z. A., Stenberg, K., Gertler, P., Darmstadt,

G. L., & Paper 3 Working Group and the Lancet Early Child-
hood Development Series Steering Committee. (2017). Investing
in the foundation of sustainable development: Pathways to scale
up for early childhood development. The Lancet, 389(10064),
103-118. https://doi.org/10.1016/S0140-6736(16)31698-1

Sarid, M., & Breznitz, Z. (1997). Developmental aspects of sus-
tained attention among 2- to 6-year-old children. International
Journal of Behavioral Development, 21(2), 303-312. https://doi.
org/10.1080/016502597384884

Shriberg, L. D., Potter, N. L., & Strand, E. A. (2011). Prevalence
and phenotype of childhood apraxia of speech in youth with
galactosemia. Journal of Speech, Language, and Hearing Research,
54(2), 487-519. https://doi.org/10.1044/1092-4388(2010/10-0068)

Shriberg, L. D., Strand, E. A., Fourakis, M., Jakielski, K. J.,
Hall, S. D., Karlsson, H. B., Mabie, H. L., McSweeny, J.,
Tilkens, C. M., & Wilson, D. L. (2017). A diagnostic marker
to discriminate childhood apraxia of speech from speech
delay: 1. Development and description of the pause marker.
Journal of Speech, Language, and Hearing Research, 60(4),
S1096-S1117. https://doi.org/10.1044/2016_JSLHR-S-15-0296

Smagorinsky, P. (2018). Is instructional scaffolding actually
Vygotskian, and why should it matter to literacy teachers?
Journal of Adolescent & Adult Literacy, 62(3), 253-257.
https://doi.org/10.1002/jaal.756

Thomas, D. C., McCabe, P., Ballard, K. J., & Bricker-Katz, G.
(2017). Parent experiences of variations in service delivery of
rapid syllable transition (ReST) treatment for childhood
apraxia of speech. Developmental Neurorehabilitation, 21(6),
1-11. https://doi.org/10.1080/17518423.2017.1323971

Timmers, 1., van den Hurk, J., Di Salle, F., Rubio-Gozalbo,
M. E., & Jansma, B. M. (2011). Language production and
working memory in classic galactosemia from a cognitive
neuroscience perspective: Future research directions. Journal
of Inherited Metabolic Disease, 34(2), 367-376. https://doi.org/
10.1007/s10545-010-9266-4

VanDam, M. (2018). VanDam Cougar HomeBank Corpus.
https://doi.org/10.21415/TSWT25

VanDam, M., Warlaumont, A. S., Bergelson, E., Cristia, A.,
Soderstrom, M., Palma, P. D., & MacWhinney, B. (2016).
HomeBank: An online repository of daylong child-centered
audio recordings. Seminars in Speech and Language, 37(2),
128-142. https://doi.org/10.1055/s-0036-1580745

Wright, A. J., Mihura, J. L., Pade, H., & McCord, D. M. (2020).
Guidance on psychological tele-assessment during the COVID-19
crisis. American Psychological Association Services. https:/www.
apaservices.org/practice/reimbursement/health-codes/testing/tele-
assessment-covid-19?2fbclid=IwAR1d_YNXYS2Yc5mdlz_
Z1Y SkrrJ_6A9BQeKulHxEEjjRh1XDR6fOYncM3b4

Zimmerman, I. L., Steiner, V. G., & Pond, R. E. (2011). Pre-
school Language Scale—Fifth Edition (PLS-5). APA PsycTests.
https://doi.org/10.1037/t15141-000

Potter et al.: Virtual Speech and Language Assessment of Toddlers 13

Downloaded from: https://pubs.asha.org Lauren Thompson on 11/06/2023, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions


https://doi.org/10.1038/s42003-021-02706-w
https://doi.org/10.1038/s42003-021-02706-w
https://doi.org/10.3109/17518423.2014.898161
https://doi.org/10.1044/2021_PERSP-20-00202
https://www.pearsonassessments.com/content/dam/school/global/clinical/us/assets/telepractice/guidance-documents/telepractice-and-the-gfta-3-and-gfta-3-spanish.pdf
https://www.pearsonassessments.com/content/dam/school/global/clinical/us/assets/telepractice/guidance-documents/telepractice-and-the-gfta-3-and-gfta-3-spanish.pdf
https://www.pearsonassessments.com/content/dam/school/global/clinical/us/assets/telepractice/guidance-documents/telepractice-and-the-gfta-3-and-gfta-3-spanish.pdf
https://www.pearsonassessments.com/content/dam/school/global/clinical/us/assets/telepractice/guidance-documents/telepractice-and-the-pls-5-and-pls-5-spanish.pdf
https://www.pearsonassessments.com/content/dam/school/global/clinical/us/assets/telepractice/guidance-documents/telepractice-and-the-pls-5-and-pls-5-spanish.pdf
https://www.pearsonassessments.com/content/dam/school/global/clinical/us/assets/telepractice/guidance-documents/telepractice-and-the-pls-5-and-pls-5-spanish.pdf
https://doi.org/10.1044/2021_AJSLP-21-00098
https://doi.org/10.1016/j.xhgg.2022.100119
https://doi.org/10.12688/f1000research.18062.4
https://doi.org/10.1007/s10545-008-0877-y
https://doi.org/10.1016/S0140-6736(16)31698-1
https://doi.org/10.1080/016502597384884
https://doi.org/10.1080/016502597384884
https://doi.org/10.1044/1092-4388(2010/10-0068)
https://doi.org/10.1044/2016_JSLHR-S-15-0296
https://doi.org/10.1002/jaal.756
https://doi.org/10.1080/17518423.2017.1323971
https://doi.org/10.1007/s10545-010-9266-4
https://doi.org/10.1007/s10545-010-9266-4
https://doi.org/10.21415/T5WT25
https://doi.org/10.1055/s-0036-1580745
https://www.apaservices.org/practice/reimbursement/health-codes/testing/tele-assessment-covid-19?fbclid=IwAR1d_YNXYS2Yc5mdIz_ZIYSkrrJ_6A9BQeKuIHxEEjjRh1XDR6fOYncM3b4
https://www.apaservices.org/practice/reimbursement/health-codes/testing/tele-assessment-covid-19?fbclid=IwAR1d_YNXYS2Yc5mdIz_ZIYSkrrJ_6A9BQeKuIHxEEjjRh1XDR6fOYncM3b4
https://www.apaservices.org/practice/reimbursement/health-codes/testing/tele-assessment-covid-19?fbclid=IwAR1d_YNXYS2Yc5mdIz_ZIYSkrrJ_6A9BQeKuIHxEEjjRh1XDR6fOYncM3b4
https://www.apaservices.org/practice/reimbursement/health-codes/testing/tele-assessment-covid-19?fbclid=IwAR1d_YNXYS2Yc5mdIz_ZIYSkrrJ_6A9BQeKuIHxEEjjRh1XDR6fOYncM3b4
https://doi.org/10.1037/t15141-000

	Virtual Post-Intervention Speech and Language Assessment of Toddler and Preschool Participants in Babble Boot�Camp
	ABSTRACT
	Method
	Participants
	Measures
	Procedure
	PLS-5
	GFTA-3
	Standard Scores
	Analyses

	Results
	Discussion
	Feasibility of Virtual Assessments
	Assessment Time
	Treatment Effects
	Limitations

	Conclusions
	Author Contributions
	Data Availability Statement
	Acknowledgments
	References



