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Abstract
We characterised language samples collected remotely from typically developing three-
year-olds by comparing them against independent language samples collected in person
from age-matched peers with andwithout language delays. Forty-eight typically developing,
English-learning three-year-olds were administered a picture description task via Zoom.
The in-person comparison groups were two sets of independent language samples from age-
matched typically developing as well as language-delayed children available on the Child
Language Data Exchange System. The findings show that although language samples
collected remotely from three-year-olds yield numerically dissimilar lexical and grammat-
ical measures compared to samples collected in person, they still consistently distinguish
toddlers with and without language delays.
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Introduction

There is increasing interest in remote language assessment, particularly in light of the
COVID-19 pandemic and the rise of telehealth. Remote language assessment offers
numerous advantages, one of them being the significant decrease in travel time for
patients and families alongside increased accessibility of clinical services. Additionally,
remote assessments can lower the costs associated with in-person sessions, including the
maintenance of physical lab spaces.

However, conducting language assessments remotely comes with several challenges.
First, participants must have access to the necessary technology, which can be a barrier to
participation. Any method of language assessment typically requires a stable internet
connection and high quality of audio recordings to preserve the intelligibility of children’s
speech. Additionally, young childrenmay struggle with tasks on a digital screen, and there
are more likely to be distractions in the home environment, for example, toys and family
members, making it challenging to accurately evaluate their language abilities. Despite
their challenges, remote language assessments are a tool available to clinicians, and
therefore it is imperative to understand the extent to which such measures are similar
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to or different from traditional in-person assessments to determine their clinical utility in
identifying children at risk for language impairment.

Over the last several years, research comparing in-person and online language
assessment is emerging. Such comparisons are now available for children around four
years and older, both typically developing (Dam & Pham, 2023; Manning et al., 2020;
McElwain et al., 2022; Pratt et al., 2022) and those at risk for language impairment
(Magimairaj et al., 2022; Sutherland et al., 2017; Waite et al., 2010). The focus in these
comparisons has typically been on evaluating the reliability and validity of standardised
assessment tools (for an overview, see special issue edited by Peña and Sutherland (2022)).
For instance, based on these studies, we know that remote assessments of vocabulary,
morphosyntax, narrative, and nonverbal IQ are highly correlated with in-person assess-
ments for children with and without language impairment (Schmitt et al., 2022; Pratt
et al., 2022; Castilla-Earls et al., 2022; Magimairaj et al., 2022). The high correlation
between assessments administered in person and remotely is perhaps unsurprising, given
that assessments are highly structured, with only limited response types. Additionally,
remote assessments of receptive vocabulary, phonological awareness, and conceptual
print knowledge across time show similar growth slopes in typically hearing as well as deaf
children with hearing aids and cochlear implants (Lund &Werfel, 2022). Therefore, such
assessments are reliable for assessing vocabulary in children with language impairment
and comparable at identifying language and literacy disorders (Nelson & Plante, 2022).
These are all necessary first steps to inform clinicians about the potential as well as the
limitations of remote assessments conducted using Zoom, Qualtrics, or PowerPoint.

In the clinical setting, however, language sample analyses are widely used to supple-
ment norm-referenced standardised tests for identifying language disorders, as they can
provide a more comprehensive view of the patient’s language profile to aid in accurate
diagnosis. Many children with a small vocabulary during their early years tend to catch up
with their peers by age 3 (Leonard, 1998; Rescorla & Lee, 2000), and those who do not face
a higher probability of experiencing long-term language impairment (Rescorla & Lee,
2000; Rescorla & Schwartz, 1990). As a result, language samples elicited from three-year-
olds, at least in person, are very informative for assessing the risk of language impairment.
However, language samples, whether elicited during free play, picture description,
narrative retelling, or questions and answers, are fundamentally less structured and more
open-ended than the assessments discussed above. Therefore, it is not clear whether
language samples elicited remotely have the potential to provide supplementary infor-
mation to aid in accurate diagnosis. To address this gap, we present a qualitative and
quantitative comparison of language samples elicited from three-year-olds remotely and
in person.

There is a long tradition of using quantitativemeasures from language sample analyses
to identify infants at risk for language impairment (Barokova & Tager-Flusberg, 2020;
Hux et al., 1993; Kemp & Klee, 1997; Loeb et al., 2000). Quantitative measures calculated
from language samples include measures of lexical diversity, such as type-token ratio and
the number of different words (Finestack & Satterlund, 2018; Watkins et al., 1995), mean
length of utterance (MLU; e.g., Eisenberg et al., 2001; Loeb et al., 2000), and the Index of
Productive Syntax (IPSyn; Scarborough, 1990), a measure of grammatical complexity
based on scoring of 60 syntactic forms across four categories, namely, noun phrases, verb
phrases, questions/negations, and sentence structures.

To be most useful for risk assessment, ideally, a language outcome measure should
exhibit improvement as children grow older, especially in typically developing children. It
should also consistently differentiate between typically developing children and those
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with language impairments. Further, outcomes should evaluate a specific aspect of
development (e.g., lexical) without being influenced by other factors (e.g., grammar;
Yang, Rosvold et al., 2022). Therefore, both lexical and grammatical outcome measures
are typically derived from language samples to provide a composite view of language
development in three-year-olds.

In the present study, our primary goal was to assess how language samples obtained
through remote sessions compared to those collected in person. This comparison is
particularly relevant due to the growing popularity of telehealth practices. Addition-
ally, as a secondary goal, we sought to identify measures that are most useful in
detecting differences between typically developing children and those with language
delays. For this purpose, we elicited language samples from typically developing three-
year-olds using a picture description task administered via a 20-minute session on
Zoom.We compared several outcomes from this set of remote recordings to those from
independent samples. These independent samples were collected in person and are
available on the Child Language Data Exchange System (CHILDES) database. We
included all available samples from three-year-olds, both typically developing and
language-delayed toddlers, recorded in a session lasting from 10 to 30 minutes. Our
comparison thus involved three groups: our sample elicited remotely from Typically
Developing toddlers, CHILDES Typically Developing toddlers, and CHILDES Lan-
guage Delayed toddlers.

From the language sample, we calculated the number of different words in the first
100 words (NDW; Watkins et al., 1995) as a proxy for lexical diversity, as well as two
measures of grammatical development, MLU and IPSyn. We decided not to include
the Type Token Ratio (TTR), which is commonly used as ameasure of lexical diversity,
because of concerns raised against using TTR for clinical purposes (Charest &
Skoczylas, 2019; Charest et al., 2020; Yang, Rosvold et al., 2022). TTR is highly
influenced by the size of the language sample and does not consistently increase with
age, even in typically developing children (Templin, 1957; Yang, Rosvold et al., 2022).
Importantly, TTR does not effectively distinguish between typically developing chil-
dren and those with language impairment (Watkins et al., 1995; Yang, Rosvold et al.,
2022).

In sum, assessing children as young as three years old, who may not be familiar with
remote testing setups, presents unique challenges. Thus, it is not certain whether language
samples can be reliably collected from such young children in a remote session. The goal
of the present study was to (a) characterize language samples obtained from remote
sessions, (b) determine how they compare to language samples collected in person in
order to assess the feasibility and clinical utility of remote elicitations from three-year-
olds, and (c) identify measures that are most useful in detecting differences between
children with and without language delays.

Methods

Subjects

During the COVID-19 pandemic, we recruited 48 monolingual English-learning three-
year-olds (female = 24; age mean = 36.6, range = 34.7–38.2; percent English exposure
mean = 98.8, range = 90–100) between Feb. 2021 and June 2022 to evaluate various
measures of language outcomes. All assessments were conducted remotely. None of the
children had any reported hearing, speech, or language impairments.
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Comparison groups

We compared our language samples, elicited remotely, against two sets of independent
language samples obtained in person. The in-person samples included all language
samples from all 35 to 37-month-olds available on CHILDES, typically developing as
well as children with language delays (Ambrose, 2016; Bang & Nadig, 2015; Bliss, 1988;
Conti-Ramsden & Dykins, 1991; Conti-Ramsden et al., 1995; Conti-Ramsden & Jones,
1997; Eisenberg &Guo, 2013; Feldman et al., 1989; Hargrove et al., 1986; Keefe et al., 1989;
Nicholas & Geers, 1997; Rescorla et al., 2000; Rollins, 1999). This dataset includes
transcripts from 74 typically developing toddlers and 102 toddlers with language delays.
The most common elicitation method in this independent sample was free play with
parents using a set of toys, with some instances of book reading and a few instances of
elicited picture descriptions by clinicians. We only included recordings where the
duration of the sessions fell within the 10 to 30-minute range, roughly comparable to
the recording time in the present study.

Procedures

We collected language samples using a picture description task on Zoom, administered by
research assistants. We followed the procedure outlined in Eisenberg and Guo (2013,
2015). For this task, each child was presented with 7 coloured line drawings randomly
selected from a set of 15, available on the project OSF page (https://osf.io/dh9za/?view_
only=2057dafea8ca46a38f5985e72da6abac). The pictures were unrelated to each other.
The order of picture presentation was randomised. To initiate each session, each child sat
in front of a laptop, facing the webcam. The experimenter used prompts provided in
Eisenberg and Guo, which are also available on the OSF page, to elicit the children’s
utterances. In cases where the child was hesitant to interact with the experimenter, the
caregiver was allowed to prompt the child. Following the child’s description of each
picture, the experimenter verbally complimented them and added stars on the screen as a
reward. Each session lasted between 20 and 25minutes and was video-recorded on Zoom
for transcription purposes.

The recorded Zoom sessions were transcribed by undergraduate research assistants,
following guidelines developed by the first author. We used a subset of the CHAT
conventions (MacWhinney, 2000) that were essential for capturing the information
required for our analysis (the set of symbols used is available on the OSF page). The
same author conducted a review of all the transcripts to resolve any inconsistencies across
transcribers.

Subsequently, we used themor function in Computerized Language ANalysis (CLAN)
to identify morphological boundaries and syntactic categories for each morpheme. We
then used the kideval function in CLAN to calculate NDW, MLU, and IPSyn scores.

Analyses

We employed Bayesian models to compare the total number of utterances, NDW, MLU,
and IPSyn scores obtained from our remotely collected sample with those calculated from
independent language samples of toddlers with and without language disorders, obtained
from CHILDES. We used default priors for intercepts and a Normal (0,1) prior for the
coefficients; the raw data and code for model testing as well as sensitivity analyses can be
found on the OSF page. The model was fitted using the brms package (Bürkner 2017),
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which is based on the Stan programming language (StanDevelopment Team, 2024) in the
R programming environment (R Core Team, 2022). We used a No U-Turn Sampler to
draw 10,000 samples in each of four chains from the posterior distribution over parameter
values, discarding the first 1,000 for warm-up.

We report the median values for the coefficient associated with the predictors of
interest, as well as their corresponding 95% Credible Intervals. If the credible interval
includes 0, we also provide the probability of an effect in the direction of the coefficient
sign (referred to as p-direction), irrespective of its magnitude. This is determined by
examining the proportion of samples from the posterior distribution over coefficient
values that fall on one side of zero. This measure ranges from 0.5 (50%), indicating equal
evidence for an effect in either direction, to 1 (100%), indicating strong evidence for a
directional effect when all posterior samples align on one side of zero. In this paper, we
consider p-direction values greater than 0.95 (95%) as indicative of a scientifically
meaningful level of evidence. With Bayesian analysis, however, one could also evaluate
the effect of a predictormore gradiently using the p-direction, which we provide.We refer
readers who are unfamiliar with the Bayesian framework to Nicenboim and Vasishth
(2016) and Vasishth et al. (2018) for more details on the interpretation of Bayesian
models.

Results

We first compare language outcomes obtained from the remote sample with those
obtained in person from both typically developing and language-delayed children. We
then compare the relationship among language outcomes in the remote sample with that
in the in-person samples.

Comparison of language outcomes obtained remotely and those obtained in person

In Figure 1, we present a violin plot of the number of utterances produced by three-year-
olds in each of the three groups. Following an anonymous reviewer’s suggestion, we used a
negative binomial regression instead of a Poisson regression, as the data were over-
dispersed. Toddlers produced fewer utterances over Zoom (current study mean = 118,
SD = 52, n = 48) than the CHILDES Typically Developing cohort (mean = 169, SD =
76, n = 74; β = �0.36 [�0.54, �0.18]), and did not credibly differ from the CHILDES
Language Delayed cohort (mean = 131, SD = 73, n = 102; β = �0.10 [�0.30, 0.10];
p-direction: 84.9%). The Typically Developing children in the CHILDES cohort produced
more utterances than their Language Delayed peers (β= 0.26, [0.08, 0.43]).We discuss the
possible reasons for the differences in number of utterances produced by typically
developing children in our sample compared to the children in the CHILDES cohort in
the Discussion.

Next, we compared the quality of the language sample collected over Zoom to that
obtained from CHILDES. In Figure 2, we present a violin plot comparing the NDW
across all three groups. Because NDW is calculated over the first 100 words, only
toddlers who produced at least 100 words were included in this analysis. The
NDW from the current sample (mean = 45, SD = 7.3, n = 46) was credibly lower than
the NDW obtained from the CHILDES Typically Developing cohort (mean = 48,
SD = 7.2, n = 73; β = �0.06, [�0.11, �0.005]), although the difference was very small.
However, it was not credibly different from the NDW of the CHILDES Language
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Delayed cohort (mean = 46, SD = 7.5, n = 81; β = �0.02, [�0.07, 0.04]; p-direction:
74.0%). Therewas strong evidence showing that theCHILDESLanguageDelayed cohort had
a lower NDW than the CHILDES Typically Developing cohort (β = �0.04, [�0.09, 0.006];
p-direction 96.0%). Thus, at three years, a lexical measure like NDW can be used to detect
a difference between groups of children with and without language delay when both
groups are evaluated in person. However, NDW obtained from the remote sessions with

Figure 1. Total number of utterances in the current sample and the Compiled CHILDES Corpus. LD = Language
Delayed, TD = Typically Developing.

Figure 2. NDW in the current sample and the Compiled CHILDES Corpus. LD = Language Delayed, TD = Typically
Developing.
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Typically Developing children was systematically lower than from in-person sessions and
not reliably different from the NDW measures obtained from toddlers with language
impairment evaluated in person.

In Figure 3A, we present the MLU in morphemes across the three groups. We found
that the MLU of the current sample (mean = 4.0, SD = 1.2, n = 48) was higher than that
obtained from the Typically Developing children in the CHILDES cohort (mean = 3.5,
SD = 1.0, n = 74; β = 0.12, [0.01, 0.23]). Additionally, the MLU of children with language
delay in the CHILDES cohort (mean = 2.3, SD = 1.0, n = 102) was credibly lower than that
of Typically Developing peers in the CHILDES cohort (β =�0.41, [�0.51,�0.31]) and in
the current study (β = �0.53, [�0.65, �0.41]). Thus, a grammatical measure like MLU
can be used to detect a group difference between Language Delayed three-year-olds and
Typically Developing peers whether the sample is collected in person or remotely.
Further, MLU was higher in the remote sample compared to the in-person sample from
Typically Developing toddlers.

In Figure 3B, we present a violin plot comparing the IPsyn measure across all three
groups. Because IPSyn measures are calculated only when there are at least 50 IPSyn-
eligible utterances (see Yang, MacWhinney et al., 2022, for details), only a subset of
toddlers was included in this analysis. Again, following the anonymous reviewer’s
suggestion, we used a negative binomial regression instead of a Poisson regression, as it
provides a better fit to the data. IPSyn scores obtained from the current study (mean = 44,
SD = 9.8, n = 41) did not credibly differ from those of the Typically Developing toddlers in
the CHILDES cohort (mean = 42, SD = 9.0, n = 70; β = 0.04, [�0.05, 0.13]; p-direction:
91.5%), although there was a trend towards higher IPSyn measured in the current study.
IPSyn scores of the Language Delayed children in the CHILDES cohort (mean = 30,
SD = 13.0, n = 77) were credibly lower than those of both groups of Typically Developing
children, ones in the CHILDES cohort (β = �0.34, [�0.46, �0.22]) and ones in the
current study (β=�0.38, [�0.51,�0.25]). Thus, a grammaticalmeasure like IPSyn can be

Figure 3. MLU and IPSyn scores in the current sample and the Compiled CHILDES Corpus; LD = Language Delayed,
TD = Typically Developing.
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used to detect a group difference between three-year-olds with and without language
delays, whether the samples are collected remotely or in person, and the IPSyn measures
obtained from in-person and remote sessions are comparable.

Relationships among language outcomes

Next, we compared the relationship between NDW, a lexical measure, and MLU, a
grammatical measure, in the current study and the CHILDES cohorts with and without
language delay by calculating bivariate Pearson correlations (Figure 4A). There was no
evidence of a relationship betweenNDWandMLU in any of the three groups (Typically
Developing toddlers in the present study r = �0.06, p = 0.70; Typically Developing
cohort in the CHILDES r = �0.03, p = 0.80; Language Delayed cohort in the CHILDES
r = 0.12, p = 0.29).

We also compared the relationship between NDW and IPSyn in the current study,
and the CHILDES cohorts with and without language delay (Figure 4B). As was the case
with MLU, there was no evidence of a relationship between NDW and IPSyn for
Typically Developing three-year-olds in this study (r = �0.06, p = 0.71) or in the
CHILDES cohort (r = 0.05, p = 0.71), or in the Language Delayed toddlers in the
CHILDES cohort (r = 0.10, p = 0.37).

Finally, we compared the relationship between two measures of grammatical devel-
opment – MLU and IPSyn – in the current study and the CHILDES cohorts with and
without language delay (Figure 4C). In all three groups, MLU and IPSyn were positively
correlated (current study r = 0.69, p < 0.001; CHILDES Typically Developing cohort:
r = 0.70, p< 0.001; CHILDES Language Delayed cohort r = 0.86, p < 0.001).

Discussion

In the present study, we compared three-year-olds’ language outcomes obtained from
samples collected remotely and those obtained from samples collected in person.We first
confirmed previous findings that in three-year-olds tested in person, NDW, a measure of
lexical development, and both measures of grammatical development, MLU and IPSyn

Figure 4. Bivariate correlations between NDW, MLU, and IPSyn in the current sample and the Compiled CHILDES
Corpus; LD = Language Delayed, TD = Typically Developing.
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scores, can reliably detect group differences between toddlers with and without language
delay. Crucially, we also found group differences in the grammatical measures -MLU and
IPSyn between typically developing children based on outcomes obtained from remote
language samples and toddlers with language delays with in-person language samples.

In the following discussion, we highlight the similarities and differences in the
language sample elicited remotely from typically developing toddlers using a picture
description task and samples elicited in person, and then the relationship between lexical
and grammatical measures, ending with recommendations for eliciting language samples
remotely.

Overall, language samples elicited remotely and in person were quantitatively and
qualitatively dissimilar. It is perhaps not too surprising that when language samples
were elicited in a remote session, toddlers produced fewer utterances than the
typically developing cohort tested in person. Likely as a result, NDW, a proxy for
lexical diversity, was also lower in the remote sample when compared to the in-person
sample from typically developing toddlers and surprisingly as low as that of children
with language delays. Despite producing fewer utterances, typically developing tod-
dlers had a higher MLU in the sample elicited remotely compared to the in-person
sample.

However, before we attribute the differences between outcome measures from lan-
guage samples elicited in this study and the CHILDES typically developing cohort to the
modality of elicitation, we need to consider several alternate explanations. The language
samples obtained from the CHILDES cohort were typically obtained during free play or
book reading with parents. In contrast, in the remote sessions, we elicited language
samples using a picture description task conducted by an unfamiliar research assistant. It
is, of course, quite likely that children produce fewer utterances with strangers than with
parents. Further, we know from previous research that although children produce more
utterances in free play, their MLUs are typically lower compared to speech elicited from
other activities (Sealey & Gilmore, 2008; Southwood & Russell, 2004). In contrast,
utterances obtained from narrative speech or storytelling tend to be longer and more
complex compared to those elicited from free play or conversation (Mirsaleh et al., 2011;
Southwood & Russell, 2004; Stalnaker & Creaghead, 1982; Wagner et al., 2000). Consist-
ent with this literature, in our study with a picture description task as well, toddlers
produced more structured, longer sentences with higher MLUs and consequently lower
NDW; longer utterances containmore word repetitions and a greater number of function
words, both of which lower lexical diversity. Although plausible, we were unable to
confirm that the differences documented here could be attributed to task differences
alone. Language samples elicited using picture descriptions are available on CHILDES for
17 children with Specific Language Impairment and their 17 age-matched peers
(Eisenberg &Guo, 2013). Recall that we adapted a picture description task for our remote
language assessment originally used by Eisenberg and Guo. Thus, our sample and
Eisenberg and Guo’s sample share the same task type but differ only in the mode of test
administration. Unfortunately, children in Eisenberg and Guo’s sample were older
(41.6 months for typically developing children and 41.3 months for children with SLI)
than those in our sample (36.6 months). Because lexical and grammatical measures are
expected to systematically increase with age, we chose not to compare the two cohorts
directly.

Overall, though, there were several other differences between our sample and the
CHILDES typically developing cohort. All children in our cohort were monolingual,
recorded in the presence of just one parent, and from middle- to high-income families.
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This information is unavailable for the children in the CHILDES cohort but is likely to be
more varied given the many different labs and cities where these data were collected. It
should also be noted that some of the CHILDES recordings date back to the 1980s, so we
cannot rule out systematic differences in children’s speech patterns across time. We
ourselves were unable to test the same children in person after testing them remotely
because these data were collected during the height of the COVID pandemic, and all labs
were closed. Clearly, future research is needed to delineate the effects of task differences
from that of remote assessment of language samples.

Despite the differences in both the elicitation activity and modality of elicitation
between the current sample and the CHILDES cohorts, it was still possible to reliably
detect group differences between typically developing children and language-delayed
children, based on the two grammatical measures MLU and IPSyn. The finding under-
scores the credibility of remote language assessments as a means to effectively identify
three-year-olds at risk for language impairment.

A secondary goal of this study was to investigate the relationship among the various
measures of language outcomes. We found no significant correlation between the lexical
and grammatical measures in any of the three samples (aligning with Yang, Rosvold et al.,
2022, but contrasting with the results of Klee (1992), and Watkins et al. (1995)),
underscoring the fact that measures like NDW provide information that is complemen-
tary to that provided by MLU and IPSyn. The two grammatical measures, MLU and
IPSyn, however, were positively correlated across all three groups. The replication of the
relationship among language outcomes observed in the in-person samples within the
remote samples attests to the validity of remote testing.

It should be noted that all the language outcomeswe used to detect differences between
English-learning typically developing and language-delayed toddlers – total number of
utterances, NDW, MLU, and IPSyn – were calculated automatically using CLAN.
Coupled with the benefit of remotely collecting language samples, this automated process
offers better test-retest reliability as well as quicker, clinically relevant assessment.

Finally, we highlight challenges encountered in remotely eliciting language samples
from three-year-olds through a picture description task and provide recommendations
for overcoming these obstacles. First, three-year-olds are typically not familiar with
interacting with experimenters through a screen, especially when the picture is pre-
sented full screen and the experimenter’s thumbnail is small. In this situation, caregivers
should be asked to assist by helping children locate the experimenter and explaining
that they are participating in a storytelling activity with the experimenter. Additionally,
children often had difficulty locating specific parts of the picture when the experimenter
used the cursor to point to it. In such cases, caregivers can point to the indicated part of
the picture and prompt the child to talk about it. Further, children in home environ-
ments were prone to distractions, such as toys and family members other than the
caregiver participating in the experiment. To mitigate this, we recommend that experi-
menters request that caregivers eliminate potential distractors before beginning the
experimental session. Lastly, maintaining engagement and contingent reinforcement
during online testing is challenging for three-year-olds. To enhance focus and reward
engagement, we used the Annotate function within Zoom to draw “stars” for children,
motivating them to talk.

The present study also highlights the growing necessity for equipping practitioners
with training in remote language assessment. Previous research has shown that practi-
tioners’ confidence in delivering telehealth services was positively influenced by prior
experience in telehealth services and exposure to more diverse training programs
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(Biggs et al., 2022). Hence, it is crucial for speech-language pathologists to receive
training in remote language assessment services to effectively address the unique
challenges it presents.

In conclusion, our findings show that language samples collected remotely from three-
year-olds are sufficient to detect differences between groups of children with and without
language impairment. Because remote collection of language samples offers the potential for
enhancing the accessibility of language assessment, we believe that continued research to
ensure its validity, coupled with training for professionals, is necessary to maximize its
benefits.
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