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ABSTRACT

Purpose: COVID-19 caused a worldwide conversion from in-person therapy to
telehealth; however, limited evidence to support the efficacy of remotely deliver-
ing standardized tests puts the future of widespread telehealth use at risk. The
aim of this study is to investigate the reliability of scoring a speech sound
assessment administered in real-world scenarios including two examples of
telehealth technology.

Method: A total of thirty-nine 3- to 8-year-olds were administered the Goldman-
Fristoe Test of Articulation—Third Edition. Licensed speech-language pathologists
(SLPs) concurrently scored children’s responses in person and in two telehealth
conditions considered typical and enhanced. Mean standard scores and interrater
reliability results were compared among the three conditions. Descriptive statistics
were used to summarize the frequency of technology and behavior disruptions
during administration and the results of an SLP telehealth perception survey.
Results: All scoring conditions were found to be highly correlated, with mean
differences revealing no systematic differences of one condition over- or under-
estimating another. Although response agreement was high (85%—-87%), final
sounds in words or sounds that are difficult to observe tended to attenuate reli-
ability. Neither child nor technology disruptions affected SLPs’ ability to score
responses. Despite no significant differences between conditions on scoring
reliability, SLP participants reported they continued to prefer in-person over a
telehealth speech sound assessment.

Conclusions: This study supports the provision of a pediatric speech sound
assessment using consumer-grade equipment, as in-person, typical telehealth,
and enhanced telehealth scoring conditions produced similar results. However,
SLP participants’ skeptical attitudes toward remote delivery of standardized
tests reveal an ongoing barrier to widespread telehealth use.

Supplemental Material: https://doi.org/10.23641/asha.19593367

In March 2020, the COVID-19 pandemic caused a
massive, worldwide conversion from in-person care to syn-
chronous video conferencing or telehealth (also known as
telemedicine, telepractice, teletherapy, telespeech, teleassess-
ment, and telerehabilitation; American Speech-Language-
Hearing Association [ASHA], 2016a, 2016c; Bashshur
et al., 2020; Cason & Cohn, 2014; Freckmann et al., 2017;
Hao et al., 2021; Keck & Doarn, 2014; Kichloo et al.,
2020; Smith et al., 2020; Tohidast et al., 2020). For many
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speech-language pathologists (SLPs), this was their first
experience with remote service delivery. Despite its novelty,
most SLPs learned and then quickly adopted telehealth, a
testament to their resiliency (Campbell & Goldstein, 2021;
Tohidast et al., 2020). Furthermore, SLPs’ perceptions of
telehealth evolved during the pandemic. Initially, telehealth
was the only option many SLPs had if they were going
to continue providing direct therapy services. However,
over time, many SLPs discovered the benefits of offering
services remotely. Speech-language pathology clinicians
self-reported that they planned to continue to use tele-
health well into the future, thus creating a whole new
generation of telepractitioners (Campbell & Goldstein,
2022; Tohidast et al., 2020).
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During COVID-19, telehealth therapy providers dis-
covered that children were using a range of equipment
and software variations, such as a smartphone connected
to a mobile broadband connection or a tablet with ear-
buds connected to a public hotspot (ASHA, n.d.a). SLPs
realized that they rarely had an option other than using
the technology a child’s family had readily available to
provide direct patient care during the pandemic (Hao
et al.,, 2021; Tohidast et al., 2020; Wang et al., 2020).
Additionally, SLPs employed varying types of technology
to provide their services remotely, including laptops and
tablets, headphones, and external microphones (Campbell
& Goldstein, 2022; Tohidast et al., 2020). Providers,
responding to unprecedented circumstances acknowledged
the prevalent disparities in resources that often fell short
of conditions recommended for ideal telehealth delivery
models (Tohidast et al., 2020).

ASHA also recognized that the therapy offered via
telehealth during the pandemic may not be ideal (ASHA,
2020c). ASHA continued to encourage SLPs to adhere to
their guidelines and Code of Ethics to ensure that SLPs
were providing services of the highest quality when deliv-
ering therapy remotely (ASHA, 2016a, 2016¢c, 2020a,
2020b). ASHA’s position remained that telepractice must
be consistent with the quality of care offered in person
(ASHA, 2020c). In particular, ASHA expressed hesitancy
about broadly supporting remote delivery of evaluative or
diagnostic services (ASHA, 2020c). ASHA noted that the
validity and reliability of most pediatric assessments have
not been evaluated for remote administration (ASHA,
2020c; Freckmann et al., 2017; McGill et al., 2021; Werfel
et al., 2021). ASHA advised that standardized evaluations
conducted with deviations, such as prompting or modifica-
tions to delivery, may impact interpretation of scores or
require children to be reassessed in the future through in-
person administration to acquire valid results (ASHA,
2020c; Freckmann et al., 2017). Moreover, an assessment’s
scoring could be affected if judging responses could be
degraded through remote technology.

Telehealth Research Literature

Taylor et al. (2014) undertook a systematic review
of articles from January 2004 through July 2014 that inves-
tigated the reliability and validity of scoring speech and lan-
guage assessments administered to children through syn-
chronous videoconferencing. Out of 180 articles identified
initially, only five met the inclusion criteria: peer-reviewed
comparison studies of speech and language assessments
administered remotely and in person. Overall, the authors
concluded that evidence suggested valid clinical use of
assessments for articulation screening, language, oral-motor
function, and overall speech intelligibility agreement. How-
ever, the findings revealed inadequate evidence to support

overall remote administration of standardized diagnostic
testing (Taylor et al., 2014). Similarly, Sutherland et al.
(2017) noted that there were few studies examining tele-
assessments for diagnosing and monitoring speech and lan-
guage deficits in children. Sutherland et al. also suggested
that teleassessment investigations need to be performed
using consumer-grade equipment to reflect real-world appli-
cations. The need for research on telehealth assessments for
children with communication disorders remains acute.

Because of the limited evidence to support assess-
ments administered remotely, many school- and clinic-based
pediatric SLPs initially opted to defer evaluating children with
standardized assessments in lieu of offering them remotely
during the pandemic (ASHA, n.d.a; Hall-Mills et al., 2021).
Campbell and Goldstein (2021) reported that only half of
speech-language pathology survey participants administered
speech sound production assessments via telehealth during the
coronavirus pandemic. Moreover, speech-language clinicians
reported that standardized assessments for speech disorders
were one of the most difficult to administer and score
remotely, second only to swallowing evaluations (Campbell &
Goldstein, 2021; Hall-Mills et al., 2021). The ability to obtain
reliable assessment results are an integral part of interpreting
test results and making informed diagnostic decisions (Daub
et al., 2021).

During the coronavirus pandemic, SLPs were not
the only ones expressing concerns about the difficulty with
remote delivery of assessments. Werfel et al. (2021)
described parents’ reservations about participating in tele-
assessments due to concerns about a child’s ability to
meaningfully participate in a virtual testing environment.
Parents worried about a child’s ability to stay engaged, a
child’s distractibility, disruptive behaviors, and challenges
with technology potentially affecting the outcomes of eval-
uations (Werfel et al., 2021). It is unknown the extent to
which behavior and technology problems affect SLPs’
ability to remotely hear or see a child to score test items.

Despite some evidence of comparable remote versus
in-person testing outcomes, most current pediatric assess-
ments have not been evaluated (McGill et al., 2021;
Sutherland et al., 2017). Some standardized tests that were
previously investigated are now outdated (i.e., Clinical
Evaluation of Language Fundamentals—Fourth Edition;
Goldman-Fristoe Test of Articulation-Second Edition
[GFTA-2]). Others were conducted with inadequate sam-
ples or performed under ideal laboratory conditions, that
is, high-end, custom-built computers (Eriks-Brophy et al.,
2008; Sutherland et al., 2017; Taylor et al., 2014; Waite
et al., 2010). Moreover, studies did not assess SLPs’ satis-
faction and impressions. These are factors that can help us
understand SLPs’ willingness and confidence in conducting
teleassessments (Raatz et al., 2021; Taylor et al., 2014).
However, investigators have found that SLPs remain espe-
cially wary about their ability to score articulation tests
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(ASHA, 2020c; Campbell & Goldstein, 2022; Hall-Mills
et al., 2021; McGill et al., 2021).

Despite the low incidence of telehealth use prior to
COVID-19, innovative pediatric and adult telehealth
researchers advanced our knowledge about this delivery
method (ASHA, 2002, 2020b; Fong et al., 2021; Hill &
Miller, 2012; Mohan et al.,, 2017; Taylor et al., 2014;
Tucker, 2012). In pediatric telehealth research, Coufal
et al. (2018) used the ASHA Functional Communication
Measure and National Outcome Measurement System to
investigate differences between therapy provided for
speech sound disorders delivered remotely in contrast to
the traditional, in-person setting. The lack of significant
difference between treatment outcomes supported the use
of telehealth for children with speech sound deficits
(Coufal et al., 2018). Hodge et al. (2019) and Wright
(2020) provided evidence for the reliability and feasibility
for delivering and scoring the Wechsler Intelligence Scale
for Children—Fifth Edition, a pediatric cognitive assess-
ment remotely. Moreover, they also reported that psychol-
ogists and parents rated telehealth positively. In adult tele-
health research, Dekhtyar et al. (2020) recognized the
increased growth in telehealth in both research and clinical
settings. Therefore, they set out to validate the synchro-
nous videoconference administration of a widely used
assessment for aphasia, Western Aphasia Battery—Revised
(Kertesz, 2007). Dekhtyar et al. found that in-person and
remote delivery methods were highly correlated, with no
differences in domain scores. Importantly, they encour-
aged participants to use their own technology to maintain
ecological validity and provided guidelines for modifying
telehealth administration to enhance feasibility.

A telehealth infrastructure that uses consumer-grade
equipment is a critical component for replication of tele-
health studies (Dekhtyar et al., 2020). Taylor et al. (2014)
noted that studying telehealth under ideal research condi-
tions in contrast to real-world scenarios is a limitation to
this line of research. Research investigating the effective-
ness of telehealth services must mirror current, real-world
conditions to apply the findings to everyday use (Benda
et al., 2020; Dekhtyar et al., 2020; Sutherland et al., 2017,
2018; Taylor et al., 2014). The importance of telehealth
infrastructure and technology choice has become apparent
in telehealth studies performed in the past 20 years. On
the basis of a systematic review of speech and language
therapy services for school-aged children, Wales et al.
(2017) reported the widespread use of custom-built hard-
ware and software for studies in the early 2000s (e.g.,
Jessiman, 2003). Because of recent growth in the use of
tablets and smartphones by parents during telehealth ser-
vices, Snodgrass et al. (2017) proposed a telehealth infra-
structure with mobile devices to implement communica-
tion interventions via parent coaching telehealth services.
Investigations are needed to determine the contexts where

widely available telehealth technology both improves
access and is sufficient to provide effective services.

Speech Sound Assessment Scoring

Given that speech sound production disorders are
prevalent on SLPs’ pediatric caseloads, it is important to
determine whether reliability of scoring articulation tests
for diagnostic purposes is jeopardized in a variety of tele-
health conditions (ASHA, 2016b; Grogan-Johnson et al.,
2013; Hall-Mills et al., 2021). ASHA’s 2010 school survey
reported 92% of a typical school-based SLP’s students
consist of children with articulation impairments, and
ASHA'’s 2020 school survey noted that 89% of SLPs were
providing interventions to children with speech sound dis-
orders (ASHA, 2018, 2020d, n.d.b.). Thus, effective assess-
ments of children’s speech sound production are critical
for SLPs to reliably identify children with speech disor-
ders. However, the task of scoring speech sound produc-
tion depends on an SLP’s ability to use visual and audi-
tory input to judge how a child articulates individual
speech sounds (Hall-Mills et al., 2021). This is perhaps
more challenging for SLPs when using synchronous video-
conferencing than in-person administration of picture
stimuli. SLPs must be able to ensure factors such as audio
and video quality do not negatively affect their ability to
accurately record children’s responses. For example, bar-
riers such as inconsistent broadband connections and tech-
nology failures could potentially call into question the fea-
sibility of conducting speech sound assessments with valid
results (Freckmann et al., 2017; Hall-Mills et al., 2021;
Lincoln et al., 2015). Behaviors such as a child turning
away from the device’s camera and microphone could
impede an SLP from accurately scoring a child’s response.
Thus, it is important to investigate whether widely used
articulation assessments can be scored reliably via tele-
health (ASHA, 2020c; Taylor et al., 2014).

Although SLPs commonly use picture-based tests to
evaluate children’s articulation skills (Madison et al.,
1982), there is inadequate evidence demonstrating the reli-
ability of scoring a standardized speech assessment admin-
istered remotely (Taylor et al., 2014). For example, Waite
et al. (2006) compared the scoring of the Single Word
Articulation Test in videoconferencing and face-to-face
scoring conditions. Even though this study reported a high
level of agreement, they only had two assessors who
used custom-built telehealth platforms to evaluate just
six children. Eriks-Brophy et al. (2008) compared
remote to on-site scoring agreement on the GFTA-2. In
contrast to Waite et al. (2006), their findings revealed
high levels of scoring disagreement. However, in the
Eriks-Brophy et al. (2008) study, they lacked a descrip-
tion of the telehealth equipment used and had a small
sample size (n = 5). Moreover, the authors noted that
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difficulty with acoustic transmission and the absence of
headphones and microphones could have negatively
affected their scoring.

Because of the high prevalence of speech sound dis-
orders on SLPs’ pediatric caseloads, it is important to be
able to identify and diagnose speech sound disorders accu-
rately to avoid jeopardizing the long-term viability of offer-
ing diagnostic and treatment telehealth services for speech
sound disorders. The results of standardized tests are part
of the diagnostic procedure that SLPs use to make
evidence-based decisions about the identification of speech
and language disorders. These decisions inform the develop-
ment of interventions and progress monitoring of the ser-
vices a child receives (Daub et al., 2021). Even though there
is research to support therapy interventions delivered
through synchronous videoconferencing, the lack of evi-
dence to support remote scoring of standardized speech and
language assessments represents a significant deterrent to
implementing diagnostic services, putting the future of
widespread speech-language telehealth use at risk.

Purpose

Speech-language assessments are composed of two
dimensions: administration and scoring. Investigating vari-
ations in both dimensions simultaneously presents consid-
erable challenges, and how to prioritize the dimensions
will vary for different types of assessments. To be able to
apply findings in the real world, the telehealth infrastruc-
ture must be accessible to both SLPs and clients. The
purpose of this research is to investigate scoring reliabil-
ity under live versus two telehealth scenarios. To evalu-
ate scoring conditions that mimic the parameters that
are feasible for practicing SLPs, we devised two condi-
tions that might be considered typical or enhanced sce-
narios based on the technology used to deliver the acous-
tic signal to remote SLPs (McGill et al., 2021;
Rauwerdink et al., 2019; Sutherland et al., 2016, 2017,
2018; Taylor et al., 2014).

SLPs’ opinions and perceptions toward using tele-
health represent potential barriers to care (Orlando et al.,
2019; Sutherland et al., 2016, 2017). Negative attitudes
have prevented SLPs in the past from accepting remote
delivery of speech and language therapy services as a via-
ble option (Fong et al., 2021; McClellan et al., 2020).
Although the coronavirus pandemic resulted in a wide-
spread transition from in-person care to therapy services
being delivered via synchronous videoconferencing, long-
term sustainability of telehealth services depends on the
attitudes of SLPs toward remote delivery of their services.
Thus, we sought feedback from the clinicians who were
blinded to the two remote scoring conditions while scoring
but had the opportunity to score an articulation test under
all three conditions.

In addition to a traditional, in-person delivery and
scoring of the Goldman-Fristoe Test of Articulation—
Third Edition (GFTA-3; Goldman & Fristoe, 2015), con-
current scoring was compared with one SLP using Wi-Fi
connections and standard tablet transmission and to
another SLP using an enhanced telehealth assessment con-
dition (i.e., receiving client speech sound production from
an external mic input). Thus, traditional in-person assess-
ment, typical telehealth assessment, and telehealth assess-
ment with mic enhancement were compared to address the
following research questions:

1. Do mean interrater agreement percentages reveal
differences in scoring in the typical and the
enhanced telehealth assessment conditions versus the
in-person condition?

2. Do standard scores of a speech sound assessment
differ when scored in person, in a typical telehealth
assessment condition, and in an enhanced telehealth
assessment condition?

3. To what extent do child behavior or technical dis-
ruptions interfere with administration and scoring of
a speech sound assessment?

4. Do SLPs’ opinions or perceptions about the three
conditions differ?

Method
Participants

SLPs

Six SLPs were recruited. All SLPs were licensed
providers in the state of Florida and currently working in
outpatient clinics. SLP participants’ experience ranged
from 10 to 43 years, inclusive of extensive experience evalu-
ating children with speech sound disorders in school and
clinical settings. All SLP participants had a minimum of
1 year experience providing therapy using telehealth tech-
nology. However, all six SLPs had no more than 1-year
experience administering a standardized speech sound
assessment via synchronous videoconferencing. SLP partici-
pants signed an informed consent prior to participation.
Each SLP was required to be fully vaccinated for COVID-
19 at least 3 weeks prior to participation.

Children

Children between ages 3 and 8§ years were recruited
via fliers distributed in West Central Florida. Child partic-
ipants included typically developing children and children
with speech sound deficits, inclusive of childhood apraxia
of speech, dysarthria, developmental phonological disor-
der, and delayed articulation. None of the children had
reported hearing loss. Both male and female children from
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different socioeconomic backgrounds were included. Chil-
dren were included even if they were receiving speech-
language therapy and were previously diagnosed with a
speech disorder. Child participants were excluded if they
were under the age of 3 years or were age 9 years or
older. Children were excluded if they had a limited lexicon
as the assessment required the child to spontaneously
name presented pictures.

A total of 39 children, 14 females and 25 males, par-
ticipated in the speech sound assessments. Their mean age
was 5 years 10 months (SD = 1 year, 7 months). Parents
completed a demographic questionnaire. Parents self-
reported their child’s race/ethnicity as White/Caucasian
(84.6%), Black/African American (10%), Hispanic (3%),
or more than one race (3%). There were three children
who were dual language learners. Parents classified their
income level as low socioeconomic (79%) or middle/high
(21%) by indicating their income range on an optional
demographic question. Of the 39 children in the study,
92% had been formally diagnosed with a speech sound
disorder, with 90% of the children currently receiving
speech-language services. Comorbid conditions included
autism spectrum disorder (18%), childhood apraxia of
speech (10%), and cerebral palsy (5%). None of the chil-
dren had been diagnosed with a hearing loss. Signed insti-
tutional review board parental permission and child assent
forms were required prior to participation.

Speech Sound Assessment

The GFTA-3 (Goldman & Fristoe, 2015) is a stan-
dardized test used for the clinical assessment of speech
sound production of individuals ages 2 through 21 years
11 months. The Sounds-in-Words subtest of the GFTA-3
was used. The picture stimuli include 60 target words that
contain the initial, medial, and final sound positions in
words of 23 consonants as well as 15 consonant blends.
The third edition of the test is offered in both digital and
print formats. However, the development of the GFTA-3
did not include remote delivery when establishing its valid-
ity and reliability, which calls into question the option of
digital administration and scoring. In contrast to many
assessments conducted by SLPs, the GFTA-3 instructions
for in-person administration make it especially conducive
to remote delivery. Per the GFTA-3 manual, it is appro-
priate to administer the test in a home, clinical, or school
setting. The testing environment, no matter the setting, is
recommended to be in a comfortable, quiet, well-lit area
where distractions are minimal (Goldman & Fristoe,
2015). These testing friendly environments are commensu-
rate with what is needed for remote delivery to be success-
ful (Werfel et al., 2021). Administration of the test items
also is conducive to remote delivery. As noted in the
GFTA-3 manual, the evaluating SLP is afforded multiple

opportunities to allow the child to respond to a test item,
allowing the SLP to readminister an item if the child is
off-task, distracted, missed the target prompt, or if the
administration is interrupted. SLPs can even go as far as
creating their own prompts or cues to elicit the target
word(s) (cf. Goldman & Fristoe, 2015). The flexibility to
repeat and prompt test items during a remote administra-
tion creates an optimal scenario for scoring speech sound
production.

Experimental Design

GFTA-3 was administered in person, whereas scoring
was completed simultaneously across three scoring condi-
tions. A within-subject group design was used to compare
the SLPs’ scoring of children’s speech production responses
under the three conditions: (a) in person, (b) synchronous
videoconferencing with the child using a tablet device’s
built-in microphone, and (c) synchronous videoconferencing
with the child using a tablet device with an external
microphone. Thus, one in-person SLP participant and
two SLP participants via Wi-Fi connections at remote
locations concurrently scored child participants. The
SLP evaluators were randomly assigned and responsible
for scoring children in each of the three conditions.
However, constraints to randomization included dates
the SLP participants were available for each of the scor-
ing conditions, dates and times child participants were
available, and the child participants’ attendance (i.e.,
cancellations) for scheduled assessments. The resulting
distribution across conditions was roughly equal for four
of the SLPs, but one SLP who was less available resulted
in one SLP who was overrepresented for the in-person
condition and one SLP who was overrepresented for
telehealth scoring conditions.

Settings and Telehealth Infrastructure

Data from Campbell and Goldstein’s (2021) Tele-
health Services: Pediatric Provider Survey reported com-
puters with a broadband, Wi-Fi connection were used fre-
quently by most clinicians in school and clinic therapy set-
tings, whereas children used computers almost as often as
mobile devices (i.e., tablet and smartphone) with a broad-
band, Wi-Fi connection. Both clients and clinicians
reported the typical telehealth setup consists of using the
device’s built-in speakers and microphone for their audio
component. The most common hardware upgrades added
to enhance sound quality were headphones with built-in
microphones, with clinicians more likely to use head-
phones than clients. On the basis of the findings of the
survey, the typical and current, real-world technological
infrastructure for remote data collection was established
and used during the telehealth assessment.
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Clinic and Test Administration Setting

The speech sound assessments were conducted in a
standard (3 x 3 m) clinic room with the client and SLP
sitting across from one another at a table. The in-person
SLP always wore a standard Level 1 disposable face mask
and sat behind a 24-in. trifold plexiglass barrier (see Sup-
plemental Material S1 for a picture of the setup). Except
for one child, all children did not wear a mask. The child
who started testing wearing a mask opted to take it off
early on during the testing. On the child’s side of the bar-
rier, two fifth generation Wi-Fi-enabled iPads (side by
side) running IOS Version 14.5.1 were situated for simul-
taneously transmitting audio and video signals to the
remote SLPs. The two iPads were placed in front of the
child at a 120° angle with the cameras on, allowing an
unobstructed view of the child’s face for the in-person
SLP. At the beginning of each testing session, the children
greeted each remote SLP clinician, ensuring each child
was aware that there were two additional SLPs observing
their assessment. Children wore low-cost gaming head-
phones (Anivia AH28 Gaming Headset with Mic) during
the testing and if requested, were allowed to take breaks
from wearing them. The headphones were plugged into
one of the two iPads. The GFTA-3 stimulus book was in
front of the child at the top of the plexiglass, allowing the
in-person SLP to turn the pages.

Each remote SLP used a desktop or laptop com-
puter connected to a Wi-Fi at their remote location (i.e.,
at home and clinic). Both remote SLPs were wearing the
same set of low-cost gaming headphones (Anivia AH28
Gaming Headset with Mic) throughout the testing.

For the two SLPs who scored the GFTA-3 via syn-
chronous teleconferencing, the client’s and SLP’s devices
were connected via Wi-Fi using the Zoom for Healthcare
platform (Zoom Video Communications, Inc., 2021).
Before the child’s testing was begun, Wi-Fi speeds were
verified and recorded on both the client and SLPs side
using an online speed test (https://www.speedtest.net). The
minimum requirement for connectivity using the Zoom
platform is 600 kbps/1.5 Mbps (up/down), but the mini-
mum Internet speed of 20 Mbps was required for this
study to minimize the occurrences of potential connec-
tivity loss (Zoom Video Communications, Inc., 2021).
Each iPad’s microphone sound enhancements were disabled
(i.e., “original sound” setting) before connecting to the plat-
form, and the remote SLPs muted their microphones prior
to testing (Zoom Video Communications, Inc., 2020).

The in-person and remote SLPs had smartphones
available to communicate with each other during the
assessment. This allowed the in-person SLP to verify that
remote SLPs were ready to begin scoring, to report techni-
cal issues on the remote SLPs’ and client’s side, and to
receive feedback at the end of testing for any items that
needed to be readministered.

Procedure

SLP Training

SLP participants received training in the GFTA-3
testing administration and scoring requirements as well as
narrow International Phonetic Alphabet transcription for
consonant sounds. Additionally, SLPs reviewed all proce-
dures to implement the assessment tool both in-person
and via remote delivery.

The first step in the training process required the
SLP participants to demonstrate adequate narrow Interna-
tional Phonetic Alphabet (IPA) phonetic transcription
skills using a calibration test. The purpose of the calibra-
tion test was to determine a baseline level of transcription
agreement that was consistent within and across SLP par-
ticipants using the same recorded samples. While wearing
headphones and using their own computers, SLPs listened
to a video recording of two children with speech disorders
each responding to an assessment tool that targeted 34 con-
sonant sounds. The assessment, created with words follow-
ing the Moving Across Syllables: Articulatory Sound
Movement Sequence (Kirkpatrick et al., 1990), included
only one-syllable words. SLPs transcribed the children’s
speech production responses, and transcriptions were
scored as correct or incorrect, based on the exact agree-
ment with the child’s in-person score. To be eligible to
participate in this study, SLP participants were required
to obtain a combined exact agreement score of 90% or
higher for the total consonant sounds recorded between
both children (Oller & Ramsdell, 2006; Preston et al.,
2011; Shriberg et al., 1997). All six SLP participants met
the participation criterion, obtaining a score of either 61/
68 (90%) or 62/68 (91%).

Second, SLP participants reviewed GFTA-3 test
administration procedures and data collection tool. Proce-
dures specified in the GFTA-3 manual’s instructions were
reviewed, and SLPs were instructed how to clearly docu-
ment any deviations from the test administrations proce-
dures. In addition to scoring the phonemes in the GFTA-3,
they were asked to note any child behavior and technology
disruptions for each test item on the data collection tool.

Third, because the SLPs were taking turns adminis-
tering the GFTA-3 in person, they needed to follow the
protocol for setting up the test environment in the clinic
setting. This included safety and cleaning procedures,
including use of personal protective equipment (PPE) and
barrier, and equipment setup. Training sessions detailed
procedures for turning on, setting up, and positioning the
devices; checking, verifying, and documenting the audio,
video, and broadband speed on the client’s side; logging
into and setting up the teleconferencing platform (Zoom
for Healthcare); setting up the picture stimuli book; plac-
ing the headphones on the child; and troubleshooting
technology difficulties.
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GFTA-3 Administration

The in-person scoring condition followed traditional
administration. The Sound-in-Words testing for each child
was completed in a single visit using standard procedures
specified in the GFTA-3 manual (Goldman & Fristoe,
2015). The child was sitting across the table from the in-
person SLP. The in-person SLP presented the target pic-
tures to elicit speech production. If the child was unable
to name the target item, or if the SLP’s prompting did not
elicit target word, the in-person SLP provided the verbal
stimuli provided in the GFTA-3 picture book. Addition-
ally, the in-person SLP managed any child disruptions
and addressed technical disruptions.

Both remote SLPs wore gaming headphones con-
nected to a laptop computer. However, one remote SLP
received the child’s responses directly from the child’s
microphone connected to the child’s headset and the other
remote SLP received the child’s responses through the
iPad’s built-in microphone. They were blind to the condi-
tion they were in, as they were not able to see if their audio
signal came from the external or built-in microphone.

Even though the child was wearing headphones,
each child was able to sufficiently hear the in-person SLP
present the test item stimuli. This was aided by the child’s
microphone picking up the in-person SLP’s voice and send-
ing the amplified signal directly to the child’s headphones.

GFTA-3 Scoring

The scoring of the child’s speech sound production
was in person and synchronous; responses were not
recorded and scored asynchronously. The child was sitting
directly in front of two iPads and, thus, in view of the
remote SLPs as well as the in-person SLP. The in-person
SLP presented and scored each test item, whereas the
remote SLPs only scored the child’s responses. Each SLP
recorded and, using narrow IPA transcription, phonetic-
ally transcribed the attempts at test item responses, even if
one was considered unscorable due to technical issues (see
Supplemental Material SI). Upon completion of the test,
the SLPs scoring in the telehealth condition were able to
request from the in-person SLP any test items that needed
to be readministered. This could be due to a child behav-
ior disruption, technology disruption, or difficulty scoring
the item upon its presentation. Only final responses pro-
vided by the child were used to score the test item.

Data Collection

Prior to beginning the administration of the GFTA-3,
each SLP recorded the computer that they were using and
their Internet speed on their data sheet. SLP participants’
computers included three MacBook Airs, a Lenovo desk-
top, a Lenovo Flex laptop, and a Hewlett Packard laptop.
Before the evaluation began, the remote SLPs reported to

the in-person SLP if there were any difficulties with setting
up the session from the telehealth side, such as difficulty
logging in, inadequate connectivity, or audio/visual diffi-
culties. All technology deficiencies were resolved before
testing could be initiated. Once the assessment began, the
SLP participants recorded each sound production on the
GFTA-3 data collection protocol form. Incorrect responses
were transcribed phonetically, ensuring each SLP partici-
pant identified the error type produced by the child
participant.

During the assessment, a data collection protocol
form was also used to record child and technology disrup-
tions. Upon completion of a child’s testing session, each
SLP transferred their phonetic transcription from the data
collection protocol form to the Sounds-in-Words section
of the GFTA-3 protocol. SLPs hand scored the total tar-
get speech sound errors to obtain an overall raw score.
The completed GFTA-3 protocols were retallied for verifi-
cation of calculated results. The first author reviewed any
identified discrepancies, and then the SLPs resolved any
mistakes in extrapolating the standard score. As an addi-
tional procedure to verify the accuracy of testing results,
de-identified speech sound error data were manually
entered into the Q-global (https://qglobal.pearsonclinical.
com) web-based, The Health Insurance Portability and
Accountability Act of 1996—compliant scoring program
to extrapolate raw score totals and standard scores.
Results that yielded disagreements between the hand and
electronic scoring were checked for data entry errors in
Q-global and calculation errors from hand-scoring. Iden-
tified errors were corrected before advancing to the final
score validation step. The de-identified speech sound
error data were entered into an Excel spreadsheet created
to evaluate the individual item agreement between scor-
ing conditions. Any disagreements between tallied scores
in Excel and electronic raw scores were checked for data
entry errors, and all disagreements were corrected. The
final, verified raw, and standard scores were used for
data analysis (see Supplemental Material S1 for data col-
lection forms).

Telehealth Perception Questionnaire

At the end of the study, SLP participants completed
postassessment questionnaire (see Supplemental Material
S1). SLPs reflected on their experiences and general satis-
faction with scoring a speech sound assessment via tele-
health. Additional questions included SLP participants’
awareness of the differences in the audio quality in the
telehealth conditions, the degree to which their judgments
of speech sounds were affected by telehealth use, and
when sources of audio differences were evident. The evalu-
ators rated 10 questions on an analog scale, ranging from
strongly disagree to strongly agree reflected in a 0-100
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numerical representation. Additionally, one yes/no ques-
tion and three open-ended questions were asked.

Data Analysis

GFTA-3 - Interrater Agreement: Individual
Speech Sounds

Interrater reliability was calculated for all speech
sound data. Reliability was calculated by dividing the num-
ber of agreements by the total number of ratings. The aver-
age item-level agreement percentages among the three scor-
ing conditions were reported. Additionally, severity ratings
(i.e., average, mild, moderate, and severe) were derived from
standard scores. Severity ratings were then compared to
determine severity rating agreement percentages among scor-
ing conditions.

GFTA-3 - Interrater Agreement: Standard Scores

GFTA-3 scoring results were analyzed using JMP
15.2 statistical software. A Bland—Altman analysis was used
to evaluate agreement among standard scores on GFTA-3
for the three scoring conditions. The Bland—Altman (Bland &
Altman, 1986, 2010) graphical display is a frequently used
and preferred technique when investigating the agreement
between two or more different methods on the same mea-
sure. The paired -test summary statistic is presented in asso-
ciation with the Bland-Altman difference plot for method
comparison, with the difference between the paired mea-
sures plotted on the graph’s y axis. Paired-samples 7 tests
were completed to compare (a) in-person versus telehealth
with built-in microphone, (b) in-person versus telehealth
with external microphone, and (c) telehealth with built-in
microphone versus telehealth with external microphone.
Because face-to-face scoring is the gold standard, the Bland—
Altman (1986, 2010) analysis was used to determine if
responses differed reliably among the scoring conditions.
The confidence intervals from the GFTA-3 established the a
priori confidence interval to determine if the mean differ-
ences in the standard scores were within the interval limits.
Results were graphed to display any differences that existed.
The mean differences between the three scoring conditions
were assessed for skewness to verify the assumption of
normality.

GFTA-3 — Standard Score Differences

GFTA-3 scoring results were analyzed using JMP
15.2 statistical software. A repeated-measures analysis of
variance (ANOVA) was performed to evaluate mean dif-
ferences between the three scoring conditions. Cohen’s d
was performed to evaluate the effect sizes associated with
scoring conditions. Finally, a chi-square analysis with a
Fisher’s exact test was performed to determine if there
was an association between scoring condition and speech
sound severity classification.

Disruption Scoring

Descriptive statistics were used to summarize the data
collected for child-related disruptions and technology-related
disruptions. This included the percentage of test items that
were completed without any participant or technology (i.e.,
hardware or platform) issues or problems with connectivity
(i.e., broadband connection or Wi-Fi connection). Results
were classified as technology or child-related disruptions and
were summarized using descriptive statistics. Child-related
disruptions distributed across age and disorder classification
(i.e., apraxia) were summarized.

Telehealth Perception Questionnaire

The SLP participants rated the questions on the
Telehealth Perception Questionnaire using an analog scale,
ranging from strongly disagree to strongly agree reflected
in a 0-100 numerical representation. Ratings were con-
verted into percentages and mean scores calculated for
each item. Responses to open-ended questions about SLP
participants’ impressions about telehealth assessments
were reported.

Results
Telehealth Scoring Results

Interrater Agreement: Individual Speech Sounds

The GFTA-3 Sounds-in-Words test evaluates 141
sounds in words, with multiple chances for the child to
produce each target speech sound (Goldman & Fristoe,
2015). Each item was analyzed for interrater agreement or
disagreement. Percentage of agreement among the three
scoring conditions was calculated. The mean item agree-
ment for Live versus Typical was 86.3% (SD = 5.65), Live
versus Enhanced was 86.7% (SD = 5.56), and Typical ver-
sus Enhanced was 85.2% (SD = 5.58).

The results were reviewed to identify the sources of
scoring disagreements (Preston et al. 2011). Twenty-one of
the 141 total items had less than 80% agreement among
all three scoring conditions. Those disagreements occurred
for only eight sounds, many of which were assessed multi-
ple times in the same position of a word, such as the final
NI/ (5 times). Table 1 presents the speech sounds and the
position the sound occurred within the word, as well as
the agreement percentages.

Interrater Agreement: Standard Scores

The Bland-Altman (Altman & Bland, 1983; Bland
& Altman, 2010) analysis was used to evaluate the contin-
uous variable agreement of GFTA-3 standard scores
across the three scoring conditions (see Figure 1). A score
of zero indicates perfect agreement between two condi-
tions, and a larger number for each plot point indicates
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Table 1. Scoring agreement across all three scoring conditions.

Speech sound Position Live/Typ Live/Enh  Enh/Typ
1 Final 0.64 0.69 0.49
1 Final 0.64 0.62 0.56
1 Final 0.75 0.62 0.62
1 Final 0.49 0.69 0.54
1 Final 0.67 0.74 0.77
1 Medial 0.69 0.80 0.69
p Initial 0.77 0.72 0.80
d Final 0.72 0.80 0.67
0 Final 0.56 0.49 0.54
0 Final 0.69 0.69 0.59
0 Final 0.77 0.77 0.69
tr Initial 0.77 0.80 0.77
fr Initial 0.77 0.74 0.77
gr Initial 0.77 0.80 0.77
r Initial 0.72 0.80 0.67
r Medial 0.69 0.74 0.74
g Final 0.72 0.72 0.63
t Final 0.67 0.54 0.56
z Final 0.62 0.56 0.74
z Final 0.56 0.59 0.67
z Final 0.77 0.51 0.69

Note. Live = in-person condition; Ehn = enhanced condition; Typ =
typical condition.

greater disagreement between the scoring conditions. The
zero (on the y axis), perfect agreement, is represented by
the solid black line in the middle of each graph. A calcu-
lation of 95% limits of agreement (LoAs; mean difference
+ 1.96 SD of the difference) were derived for each set of
comparisons (represented by the upper and lower dotted
green lines) with confidence limits for upper and lower
LoAs considered as a pair. These confidence limits have
been included as the upper and lower gray shaded areas
around the LoAs in each figure panel. LoA confidence
intervals indicate that at least 95% of population differ-
ences lie inside the limits d * ¢, 005 Sair and outside the
limits d + ¢,0.975 Saifr (Zou, 2013). Importantly, data points
outside these confidence limits give an indication of the
frequency of significant disagreements. The Bland-Altman
plot (see Figure 1) did not reveal a trend in the difference (d)
between the scoring conditions, with mean bias ranging from
standard scores of only —1.79 to 1.0, as indicated by the red
line being close to the solid black line (zero). This red line of
equality for each scoring condition fell within the 95% confi-
dence interval, middle gray box, of the mean differences,
indicating there is not a significant systematic difference of
one condition over- or underestimating the second condition.
Likewise, paired-samples ¢ tests showed no significant differ-
ence between standard scores for Live and Typical, #(38) =
—-0.56, p = .58; Live and Enhanced, #38) = 0.72, p = 47,
and Enhanced and Typical, #(38) = —1.18, p = .24. Skewness
of standard score mean differences ranged from —.57 to .08,
indicating a normal distribution (George & Mallery, 2016).
When comparing the pairs of conditions, there were only
one or two standard score outliers outside the upper and

lower gray shaded areas; because those rare instances of
standard score differences ranged from 25 to 27 points, they
represent differences likely to affect severity ratings but were
not systematically associated with a particular condition.

GFTA-3 Standard Scores Differences

The standard score distributions for each scoring
condition were normally distributed. The GFTA-3 mean
standard scores by scoring condition were 62.64 (SD =
19.21) for Live, 61.64 (SD = 18.53) for Typical, and 63.44
(SD = 18.68) for Enhanced. A repeated-measures ANOVA
was performed to evaluate mean differences between the
three scoring conditions. Results demonstrated no signifi-
cant main effect by scoring condition, F(2, 37) = 0.69,
p = .51. Cohen’s d ranged from 0.09 to 0.19, suggesting
that there were minimal effects associated with scoring
conditions.

Speech Sound Disorder Standard Score
Severity Classification

Standard scores of Live versus Typical and Live ver-
sus Enhanced scoring conditions were compared to iden-
tify incidences of study participants whose standard scores
would result in different severity classifications (Shriberg
et al.,, 2010). The GFTA-3 (Goldman & Fristoe, 2015)
classifies severity ratings based on standard scores as
average/above average above 85, mild/at-risk -1 SD
(between 78 and 85), moderate —1.5 SD (between 71 and
77), and severe —2 SD or lower (70 or below). The distri-
bution of severity of classifications comparing conditions
is presented in Table 2. A chi-square analysis with a Fish-
er’s exact test suggested that there was no association
between scoring condition and speech sound severity clas-
sification (p = .92). There was almost perfect agreement
for moderate and severe speech sound disorder classifica-
tions for the Live versus Typical and Live versus
Enhanced scoring conditions. However, there were more
discrepancies for mild and average classifications for both
sets of comparisons.

To assess if the telehealth scoring conditions could
accurately classify a speech sound disorder (i.e., greater
than one standard deviation below the mean), agreement
with the in-person scoring condition was calculated. Of
the 39 child participants, the Live scoring condition classi-
fied 33 children with a speech sound disorder, and six with
average speech sound production. The Typical scoring
condition classified 32 children as having a speech sound
disorder and seven children with average speech sound
production, that is, 97% agreement with Live scoring. The
Enhanced scoring condition classified 36 children as hav-
ing a speech sound disorder and three children with aver-
age speech sound production, that is, 92% agreement with
Live scoring.
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Figure 1. Bland-Altman plot analysis by scoring condition. Bland
Altman scatterplots illustrating interrater reliability and agreement
for each pair of scoring conditions. The red lines above or below 0
show the small differences in means between conditions. For each
pair of conditions, the y-axis reflects differences in standard
scores, and the x-axis reflects the mean standard scores, per par-
ticipant. Live = in-person condition; Enh = enhanced condition;
Typ = typical condition; SS = standard score.
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Table 2. Speech sound disorder severity classification by scoring
condition.

Scoring

condition Average Mild Moderate Severe Total
Live 6 4 4 25 39
Typ 7 3 5 24 39
Enh 3 7 4 25 39

Note. Standard score severity classifications—average/above
average above 85, mild/at-risk -1 SD (between 78 and 85), moder-
ate —1.5 SD (between 71 and 77), and severe —2 SD or lower (70 or
below). Chi-square likelihood ratio = 2.09, p = .91. Live = in-person
condition; Enh = enhanced condition; Typ = typical condition.

Technical and Child Behavior Disruptions

Child Disruptions

A parent or caregiver was seated behind the child
and available to assist the SLP during test administration
for 15% of child participants. The in-person SLPs came
out from behind the plexiglass barrier to manage child
behavior (i.e., climbing out of their chair, touching the
iPad screens, and not attending to picture book) for 21%
of the child participants. During the testing procedure,
SLPs documented when a child’s behavior impeded their
ability to score a test item. Children with behaviors
impeding sound scoring were distributed across all ages
and disorder types. Half of all participants (n = 19) were
reported as having at least one incident where the child’s
behavior impeded the SLPs’ ability to initially score one
or more test items.

Technology Disruptions

During the testing procedure, the three SLPs docu-
mented when the telehealth technology impeded their abil-
ity to score a test item. Of the 39 assessments, 18 of them
(45%) were impacted, at least minimally, by the technol-
ogy used to perform them. Technology disruptions
included screen freezing for less than 5 s (6 times), audio
compromised (e.g., intermittent buzzing sounds; 6 times),
and complete loss of transmission (6 times). Six more
assessments had their starts delayed due to technology
issues at their onset: signal strength was under the study
protocol, complete audio/visual loss, or total transmission
loss. These technology issues were able to be resolved
except for one assessment. For that assessment, the remote
SLP had to be changed due to the remote SLP being
unable to establish a stable connection to participate.

At the end of each assessment, the remote SLPs
were given the opportunity to contact the in-person SLP
via text messaging and request test items be readministered.
This would allow the remote SLPs the opportunities to
score items that may have been previously marked unscor-
able during the test administration due to child behavior or
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technology disruptions. On average, six items were asked to
be repeated by each remote SLP, with a minimum of two
items and a maximum of 15 having been requested.
Because of the test’s flexibility in allowing test items to be
repeated and prompted during administration, final scoring
was not affected by child or technology disruptions.

Telehealth Perception Questionnaire

Upon completion of the study, the six SLPs were
asked to reflect on their experiences in each of the three
scoring conditions. Results of the postassessment survey
are in Table 3. The SLPs gave high ratings for the directions
for using, scoring, and administering a speech sound disorder
assessment remotely, with mean percentages of 92% and 98%,
respectively. However, SLP participants’ mean ratings were

Table 3. Speech-language pathologist (n = 6) postassessment
questionnaire.

Survey questions M

| would be enthusiastic to use telehealth to 41%
complete a standardized speech assessment.

| understand how to administer a speech sound 98%
disorder evaluation remotely.

Remote delivery is a reliable way to administer 50%
speech sound disorder evaluations.

| am motivated to use this delivery method for 42%

speech sound evaluations.
My preferred method of administrating a speech
sound assessment is

a. Typical: in person 85%
b. Remote delivery 15%

Telehealth is an effective choice for evaluating 39%
children with speech sound disorders.

The directions for using remote delivery of a 92%
standardized speech sound assessment
are clear.

The amount of time required to perform a speech 82%
sound assessment remotely is reasonable.

The amount of time required for record keeping 76%
with this evaluation format is reasonable.

Implementation of an evaluation delivered remotely 95%
would require support from family members.

Were you aware of the differences in the Yes No
audio quality in the telehealth scoring 17% 83%
conditions?

Reasons | would prefer to administer a speech sound assessment
remotely:

lliness, distance and if in-person assessments were not an option
Reasons | would not prefer to administer a speech sound
assessment remotely:
Child’s behaviors, lack of client telehealth infrastructure, more
response repetitions needed, lack of family support, home
environments not conducive to telehealth
The future of teleassessments:
Will continue to grow, will be contingent upon SLP attitudes
and advancements in research demonstrating the validity and
reliability of evaluations delivered remotely

Note. Rating percentages reflected in a 0—100 numeric represen-
tation, ranging from strongly disagree (0) to strongly agree (100).
SLP = speech-language pathologist.

only 41% and 42%, respectively, when asked about their
enthusiasm and motivation for administering and scoring a
standardized speech assessment remotely. SLP partici-
pants reported their preferred method of delivering a
speech sound assessment as in person, with a mean per-
centage of 85%. In response to the open-ended questions,
SLP participants reported five reasons why they did not
prefer remote administration of a standardized speech
assessment: (a) lack of client’s telehealth infrastructure,
(b) more response repetitions needed for accurate scoring,
(c) difficulty managing a child’s behaviors remotely, (d)
lack of family support, and (e) home environments not
conducive to telehealth.

Discussion

In summary, this study revealed high agreement
among the three scoring conditions. This indicates that
typical and enhanced telehealth scoring both could be
deemed equally reliable to in-person scoring. The mean
GFTA-3 standard scores of all three scoring conditions
had mean differences of two or less, demonstrating that
there was not a significant systematic difference of one
scoring condition over- or underestimating the second scor-
ing condition, as noted on the Bland-Altman plot (see
Figure 1). In addition, all scoring conditions were found to
be highly correlated, demonstrating a strong relation
between in-person and telehealth scoring, both in the typi-
cal and enhanced scenarios. Both telehealth scoring condi-
tions allowed SLPs to evaluate a child’s speech sound pro-
duction and derive results that were similar to in person,
supporting the validity of remotely scoring a speech sound
assessment. Although limited, previous research that com-
pared in person scoring of a speech sound assessment to
remote delivery also found the two scoring conditions to
yield virtually equivalent test results (Taylor et al., 2014;
Waite et al., 2010). This study’s findings are consistent with
prior findings and add to information contrasting in-person
scoring with remote scoring but, in this case, using widely
available, consumer-grade technology.

The overall SLP participants’ scoring agreement for
individual speech sounds among scoring conditions was
high, with small decrements when compared with baseline
calibration scoring agreement, which ranged from 90% to
91% (Preston et al., 2011). In contrast to the baseline scor-
ing, the scoring agreement comparing the three conditions
ranged from 85% to 87%, indicating that the variation
associated with the different acoustic conditions amounted
to a 3%-6% attenuation in scoring agreement. Moreover,
telehealth scoring conditions yielded reliable results (>
80% agreement between in-person and telehealth scoring
conditions) for all but eight speech sounds (i.e., 1, 1, 1, z,
d, g, t, and p). As the GFTA-3 provides multiple chances
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for the child to produce each target item, these eight
sounds resulted in 21 out of the 141 target items with less
than 80% agreement. It is worth noting that final sounds
and liquids are especially difficult to score reliably. As a
result, SLPs administering a telehealth assessment will
need to pay particular attention when scoring these indi-
vidual speech sounds to verify correct production and,
most likely, require the child to repeat production of
words containing these sounds to score the items accu-
rately. The disagreement among scoring specific, individ-
ual sounds via telehealth found in this study are consistent
with previous telehealth literature reviews, noting SLPs
have difficulties identifying correct speech production for
sounds involving articulators that are difficult to see (e.g.,
r and g) and cognate pairs (e.g., t and d; Eriks-Brophy
et al., 2008; Taylor et al., 2014).

Furthermore, a closer examination of standard score
severity classifications was virtually identical across condi-
tions for severe and moderate speech sound disorders. The
discrepancies seen were mainly in distinguishing average
versus mild disorders. However, the bias for both sets of
scoring conditions was small (less than two points) and
not clinically significant, indicating that the in-person and
telehealth scoring conditions produced virtually identical
results. Importantly, SLPs do not rely on severity classifica-
tions alone or a single test score when determining if a
child has a speech sound disorder. An SLP’s clinical judg-
ment must be considered; SLPs should use tests as one tool
within a diagnostic framework (Daub et al., 2021). For
example, a difference in severity classification (e.g., mild vs.
moderate) or GFTA-3 standard score above 85 does not
imply that a child would not be identified as having
speech sound disorder. To the contrary, when a remote
SLP uses the GFTA-3’s test administration guidelines to
derive a standard score, whether in-person or remotely,
the additional consideration of an SLP’s own clinical
judgement would influence clinical decision making when
determining the presence of a speech sound disorder. For
example, if a child’s standard score falls in the average
range on the GFTA-3 but the student is lateralizing /s/ or
[fl, an SLP recognizes these types of errors are not part of
typical speech sound development. As these articulation
errors typically do not self-correct, an SLP could recom-
mend speech therapy despite the child’s standard score
severity rating.

SLPs have expressed concerns that telehealth assess-
ments were difficult to administer, as children with off-
task behaviors were difficult to manage remotely, and that
the technology needed to implement assessments often
caused disruptions that could impede the scoring of test
items (Campbell & Goldstein, 2021, Werfel et al., 2021).
Therefore, this study investigated the frequency of child
and technology disruptions and how they related to an
SLP’s ability to score a child’s speech sound production.

The SLPs needed to come out from behind the plexiglass
barrier to manage child behavior or required parent assis-
tance during the test administration for about one third of
child participants. Even with the in-person SLP and par-
ent to address any behaviors that arose during testing, half
of all child participants had at least one incident where
the child’s behavior impeded the SLPs’ ability to initially
score one or more test items. However, these incidences of
child behavior during a speech sound assessment did not
mean that the overall ability for an SLP to accurately
score speech sound items was compromised. It did, how-
ever, mean that the compromised test items needed to be
readministered, often more than 3 times, for the SLP(s) to
reliably score the prompted item. Thus, a speech sound
assessment may require a longer testing session to admin-
ister remotely; however, scoring would not be affected. It
should be noted, although, that having children repeat a
test item, even 3 times or more, is not exclusive to a tele-
health delivery method. The GFTA-3 scoring manual
notes that children may not pay attention intermittently
during in-person test administrations. Therefore, creating
positive testing environments is of utmost importance no
matter the speech assessment delivery method (i.e., quiet
room that is well-lit with minimal distractions, adult phys-
ically present for the duration of the test administration).
Moreover, the GFTA-3 manual’s administration proce-
dure, allowing a test prompt or verbal stimuli to be
repeated multiple times, allowed the in-person and remote
SLPs to score all target items, even with child and tech-
nology disruptions (Goldman & Fristoe, 2015). However,
future research is needed to compare different telehealth
assessment scenarios versus in-person assessment adminis-
tration and not just scoring.

This study adhered to the telehealth infrastructure
consistent with currently typical telehealth technology
(Campbell & Goldstein, 2021). Therefore, it was not sur-
prising to the SLP participants that almost half of the 39
assessments were impacted, at least minimally, by technol-
ogy. Technological disruptions, such as a screen freezing
or complete loss of transmission, are not uncommon dur-
ing speech-language telehealth sessions (Campbell &
Goldstein, 2021). The ability to resolve technology bar-
riers can be frustrating and can even prevent a session
from occurring at all. Six of the 39 assessments were at
risk of cancelation due to technology disruptions. Fortu-
nately, five of six were able to be resolved at the onset of
the telehealth assessments, and the sixth one proceeded
with a remote SLP replacement at a different location that
had connectivity conducive to the study’s bandwidth
parameters. The technology disruptions experienced dur-
ing this study demonstrated an ongoing barrier experi-
enced with telehealth use (Campbell & Goldstein, 2021).
Stable telehealth infrastructure is imperative for telehealth
sessions, including assessments, to be successful.
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Among the areas investigated in this study, the one
that cannot be overlooked is the SLP participants’ attitudes
toward telehealth assessments, a critical component of
future telehealth use. As SLPs’ confidence in telehealth
assessments have been associated with use, an SLP’s gen-
eral satisfaction with scoring a speech sound assessment via
telehealth could affect the SLP’s overall view of the tele-
health assessment’s administration (Taylor et al., 2014).
The SLPs’ responses on the postassessment questionnaire
positively rated (76% or higher) clarity of the directions
and ability to remotely score a speech sound assessment as
well as the time needed to administer and score telehealth
assessments. However, despite these positive ratings and the
positive findings of this study, SLP participants did not per-
ceive telehealth assessments to be a replacement for face-to-
face administration. They rated their enthusiasm and moti-
vation for teleassessments poorly (42% or lower). SLP par-
ticipants’ responses to the open-ended questions revealed
how their previous and current experiences influenced their
answers to the questionnaire. Concerns about client tele-
health infrastructure, lack of family support, and difficulty
managing client’s behaviors as well as the current need for
more advancements in telehealth research illustrated the
ongoing barrier to widespread telehealth use—provider
acceptance. The SLP participants acknowledged the value
of telehealth assessments, even stating the use of telehealth
will grow; however, their perceptions remained that tele-
health is only for certain populations and prefer face-to-
face administration of assessments. Even though in-person
administration may be their preference, the findings of this
study indicate that accurate scoring of a speech sound
assessment remotely is not a barrier to an alternative
method of service delivery for children.

Limitations

The study was performed with seasoned SLPs who
had no less than 10 years of experience administering
face-to-face speech sound assessments but only 1 year of
experience with telehealth assessments. The postassessment
survey with opinions about remote delivery of a speech
sound assessment may have been different if SLP study
participants included early career professionals.

All children were administered the test within a clin-
ical setting while the remote SLP participants were scoring
the assessment while at home. The outcomes of this study
may not truly reflect scoring outcomes for children evalu-
ated within their natural setting or SLPs providing services
in changing work environments (e.g., working remotely
from a school; bandwidth when using a cellular phone
connection in contrast to Wi-Fi); this study does not
reflect remote administration of an assessment where the
test would be administered while the child is at a location
other than a clinic setting (i.e., home, daycare, and

library). Moreover, children were tested using the Zoom
for Healthcare (Zoom Video Communications, Inc., 2021)
platform on Apple iPads and computers; however, the
findings of this study may not generalize to other devices,
such as cellphones, or platforms, such as doxy.me. A
future study could investigate in what remote delivery sce-
narios, if any, does the administration of the GFTA-3
have to be modified for telehealth, considering the current
in-person administration is already favorable for remote
delivery (e.g., ability to repeat testing items).

Last, even though children were tested in person, the
clinical setting was still different than what was considered
typical prior to the COVID-19 pandemic. The in-person
SLP was wearing a mask throughout the test administra-
tion, something not typical prior to the pandemic. SLP par-
ticipants had a plexiglass barrier between them and the
child participant. They also were sitting a distance that was
further back from the child than would be a typical dis-
tance between child and SLP prepandemic. It is unknown
how the presence of the plexiglass barrier or the distance
between SLP and child participant affected the in-person
SLP’s ability to score the child’s speech sound production.

Conclusions and Future Research

The COVID-19 pandemic created a whole new gen-
eration of pediatric telehealth speech-language pathology
providers (Campbell & Goldstein, 2021). These SLPs dis-
covered the benefits of telehealth, clinically managing
speech and language disorders without compromising their
health or the health of their clients. Even though there was
broad support for remote delivery of services during the
pandemic, there remains significant skepticism among SLPs
and policymakers about the use of telehealth to deliver
evaluative or diagnostic services. Given the limited research
on this topic, this study sought to add to the body of
research on the reliability of telehealth assessments.

Given the scenarios examined, the overall results
were not affected in any systematic fashion. In fact, exact
agreement percentages were negligibly worse than the cali-
bration exact agreement percentages, 85%-87% versus
90%-91%. The findings of this study demonstrate that the
in-person, typical telehealth, and enhanced telehealth scor-
ing conditions produce nearly identical classification
results. The disagreements tend to be between normal and
mild impairments. This speaks to the need for clinical
judgment to factor into final decisions about whether a
child has a speech sound disorder. Other attributes, such
as errors that are not developmental in nature or speech
intelligibility that affect a child’s education or socialization
must be taken into account.

This study evaluated children as young as age 3 years
and children who demonstrated behaviors that required
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adult intervention. In addition, the telehealth assessment
procedure used commercial-grade equipment to provide
the speech sound assessment remotely. As such, both child
behaviors and technology disruptions were reported as to
their effect on item scoring. Even though half of all assess-
ments reported at least one incidence of child behavior
and/or technology disruption initially impeding the SLPs’
ability to score one or more items, individual agreement
among test items was high, with only eight sounds demon-
strating scoring agreements below 80% across all three
conditions. Not surprisingly, these were sounds mostly in
the final position of words (e.g., /I/), that were difficult to
see (e.g., /g/) or required voicing (e.g., /z/) or absence of
(e.g., Ip/) for scoring. However, the GFTA-3 (Goldman &
Fristoe, 2015) Sounds-in-Words test administration has
allowances for test items to be repeated. With the ability to
repeat test items and provide additional verbal stimuli to
elicit a child’s response, an SLP is afforded ample opportu-
nities to score a response item accurately, no matter if
impeded by a child’s behavior, technology disruption, or
difficulty scoring specific speech sounds remotely. Future
telehealth assessments should investigate diagnostic tests
whose administration are not as accommodating with their
assessment items, that is, questions cannot be repeated, or
item prompts cannot deviate in their presentation.

ASHA expressed hesitancy about conducting stan-
dardized evaluations remotely, as modifications to test
delivery could impact interpretation of scores, potentially
requiring children to be reassessed through in-person
administration to acquire valid results (ASHA, 2020c;
Campbell & Goldstein, 2021, 2022; Freckmann et al.,
2017). Even though SLPs have been leery about the accu-
racy of scoring speech sound assessments via telehealth,
our results indicated no advantage among the three scor-
ing conditions and did not affect the overall judgement of
SLPs’ ability to score children’s speech sound production.
As the telehealth scoring conditions did not require modi-
fications for delivery, there would be no reason to repeat
a speech sound assessment live. Rather, SLPs should feel
confident accurately scoring a child’s speech sound pro-
duction remotely, using consumer-grade equipment.

Future studies are needed to evaluate current pediat-
ric telehealth assessments for a variety of conditions, such
as pediatric language disorders and deficits in phonological
awareness. The SLP participants, despite their involvement
in this study, reported attitudes that continued to question
the use of telehealth for evaluative and diagnostic services.
The SLP participants’ telehealth views demonstrate an
ongoing barrier of widespread telehealth use. Until more
studies are completed demonstrating the reliability of tele-
health assessments comparable to in-person administration,
the attitudes and views of SLPs may remain unchanged.
For this reason, it would behoove current and future devel-
opers of pediatric speech-language assessments to include

both delivery modalities—in person and remote—when
establishing test validity, reliability, and effectiveness.
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