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Purpose: Language sample analysis (LSA) represents an ecologically valid
method for diagnosing, identifying goals, and measuring progress in children
with developmental language disorder (DLD). LSA is, however, time consuming.
The purpose of this study was to determine the length of sample needed to
obtain reliable LSA measures for children in kindergarten and first grade with
typical language (TL) and DLD using automated analyses from the Systematic
Analysis of Language Transcripts software.
Method: Play-based conversational language samples collected on kindergar-
ten to first-grade children with TL (n = 21) and DLD (n = 21) from a community-
based sample were analyzed. Eight LSA measures were calculated from 1-, 3-,
5-, 7-, and 10-min sample cuts and compared to 20-min samples for reliability.
Results: Reliability estimates were similar for the TL and DLD groups except for
errors and omissions, which showed overall higher levels of reliability in the
DLD group and reached acceptable levels at 3 min. Percent grammatical utter-
ances were reliable at 7 min in the DLD group and not reliable in shorter samples in
the TL group. The subordination index was reliable at 10 min for both groups. Num-
ber of different words reached acceptable reliability at the 3-min length for the DLD
group and at the 10-min length for the TL group. Utterances and words per minute
were reliable at 3 min and mean length of utterance at 7 min in both groups.
Conclusions: Speech-language pathologists can obtain reliable LSA measures
from shorter, 7-min conversational language samples from kindergarten to first-
grade children with DLD. Shorter language samples may encourage increased
use of LSA.
Supplemental Material: https://doi.org/10.23641/asha.19529287
Developmental language disorder (DLD), a commu-
nication disorder characterized by persistent difficulty using
and understanding language that cannot be explained by
hearing loss, intellectual disability, or another medical con-
dition, affects 7%–12% of the school-age population
(Bishop et al., 2016; Leonard, 2014; Norbury et al., 2016;
Tomblin et al., 1997). School-age children with DLD are at
risk for increased social, emotional, and behavioral prob-
lems as well as decreased academic achievement and quality
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of life (Dubois et al., 2020; Eadie et al., 2018; Langbecker
et al., 2020). Adequate early identification and intervention
for students with DLD may alleviate adverse outcomes. To
effectively provide these services, speech-language patholo-
gists (SLPs) need psychometrically robust assessment tools
that measure functional language skills to address the clini-
cal needs of children with DLD. Language sample analysis
(LSA) represents a well-established, ecologically valid
assessment method for language disorders that addresses
various assessment objectives, including diagnosis, goal
identification, and progress monitoring (Finestack et al.,
2020; Owens, 2016; Paul et al., 2017).

As a diagnostic tool, LSA offers several advantages
over standardized omnibus language tests. Language
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samples can be used to assess difficulties using language
skills for daily communicative purposes, such as having
conversations, telling personal narratives, or explaining
the rules of a game. Standardized language tests, which
often involve pointing to pictures, repeating sentences, or
completing a cloze sentence task, are, in contrast, notice-
ably unnatural. LSA offers an alternative to standardized
tests when evaluating children who are English language
learners, bilingual, from special populations, or difficult to
test due to behavior issues. The majority of English stan-
dardized tests do not include normative data from bilin-
gual children and, therefore, may not be appropriate,
when used in isolation, for identifying cases of DLD in
bilingual children (Ebert & Pham, 2017; Kohnert, 2010).
LSA may be used as an unbiased measure and increase
diagnostic accuracy when evaluating children who are
English language learners, those who speak nonmain-
stream dialects, and those with low socioeconomic status
(Ebert & Pham, 2017; Horton-Ikard, 2010; Lai &
Schwanenflugel, 2016; Pieretti & Roseberry-McKibbin,
2016; Roseberry-McKibbin, 2007). Also, many language
difficulties that are not evident from performances on
standardized tests may be revealed through LSA (Price
et al., 2010). Unlike standardized tests, which should only
be repeated at designated intervals to preserve their valid-
ity, usually once per year, LSA can be repeated as often
as needed to monitor progress and adjust goals. The infor-
mation gained from LSA can be used to set functional
goals and design interventions that are suited to individual
children and are more likely to generalize to environments
outside the therapy room (Owens, 2016). However, one
substantial disadvantage of LSA has been that it is time
consuming.

Traditional guidelines suggest language samples of
15–30 min or 50–200 utterances are required to reliably
measure children’s language abilities (Lee, 1974; Miller,
1981; Tyack & Gottsleben, 1974; Retherford et al., 2019).
In addition to the time required to collect the sample,
transcription and analysis, when done by hand, can add
1–3 hr of clinician time, depending on the length of the
sample, the particular analyses used, and the clinician’s pro-
ficiency with these tasks. School-based SLPs consistently list
time constraints as the number one reason for not using
LSA (Kemp & Klee, 1997; Pavelko et al., 2016; Westerveld
& Claessen, 2014). Despite over 20 years of advances in
computer-assisted LSA technology providing SLPs with sig-
nificant reductions in analysis time (Heilmann et al., 2020;
Pezold et al., 2020; Ratner & MacWhinney, 2016), surveys
indicate the use of LSA by SLPs declined from 85% in
1994 (Kemp & Klee, 1997) to 67% in 2013 (Pavelko et al.,
2016). One solution might be to leverage the potential
power of shorter language samples. Many SLPs have
reported using shorter samples of 1–10 min or of 50 or
fewer utterances, and 50%–60% reported transcribing
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samples in real time (Kemp & Klee, 1997; Pavelko et al.,
2016). Fortunately, there is some evidence for the reliability
of LSA measures based on shorter samples compared to
longer language samples. Even so, debate continues regard-
ing sufficient sample length for individual measures. Unfor-
tunately, much of the research has focused on language
samples collected from children with typical language (TL)
skills. Evidence of robust reliability for LSA measures using
short language samples from children with language disor-
ders is sorely needed. This study aims to determine the
shortest sample length needed to obtain reliable LSA mea-
sures in conversational samples from kindergarten and first-
grade children with DLD and TL.

Reliability

Reliability quantifies the amount of error inherent in
a measurement (Streiner et al., 2015). The reliability of an
instrument can be estimated in several ways. Test–retest
reliability, or stability, refers to the change or lack of
change in examinee responses over time or across different
testing situations. Interrater reliability refers to the degree
of agreement between independent assessors who score,
rate, or code the instrument. Split-half reliability, which
typically compares the scores from at least two sections of
a standardized test (e.g., odd vs. even items on a subtest),
has been adopted to determine whether measures from a
shorter language sample result in roughly the same scores
as those from a longer sample. Internal consistency, typi-
cally used to measure the agreement of multiple items
within a scale, has also been adopted to measure the reli-
ability of shorter samples compared to longer samples.

Relative reliability refers to how consistently individ-
uals maintain their rank position across repeated mea-
sures, whereas absolute reliability measures the amount of
variation in an individual’s scores across repeated mea-
surements. Relative reliability is often estimated with
Pearson correlation, Cronbach’s alpha, or intraclass corre-
lation coefficients (ICCs). However, Pearson correlations
may underestimate split-half reliability when there is an
imbalance of items between each segmentation of the test.
The Spearman–Brown formula corrects for this by con-
verting the Pearson correlation to an estimate of the
equivalent reliability level for the full-length test (Kaplan &
Saccuzzo, 2018). Cronbach’s alpha coefficients estimate
internal consistency or the relatedness of items within a
scale or subtest. To determine the length of language
sample needed to obtain measures equivalent to a full-
length reference sample, each cut of the language sample
is compared to the full-length sample. This method
results in measuring a series of two-item scales rather
than several items within one scale. Using mathematical
models and collected data, Eisinga et al. (2013) found
that Spearman–Brown represented the most accurate
1939–1955 • May 2022



method for calculating reliability on a two-item scale
across three measures: Spearman–Brown, Pearson, and
Cronbach’s alpha.

There is no conventional cutoff separating accept-
able from unacceptable relative reliability coefficients.
However, several researchers (Gavin & Giles, 1996; Guo
& Eisenberg, 2015) have adopted r ≥ .90 as a suitable
threshold for Pearson correlation coefficients, following
guidelines provided by McCauley and Swisher (1984). For
alpha coefficients, Devellis (2012) suggested α = .70–.80 as
an “acceptable” reliability standard and α ≥ .80 as “very
good” but further stipulated that scales intended for clini-
cal diagnostic purposes should have higher reliabilities,
preferably in the mid-90s.

One potential issue with estimates of relative reli-
ability is that they increase as sample variability increases.
That is, with greater variability across individuals, indi-
vidual scores can change more without changing the
individual’s rank in the group. This could be problem-
atic when estimating reliability on samples collected
from children with DLD, a fairly heterogeneous group.
In contrast, sample variability does not influence abso-
lute reliability since it estimates the agreement of differ-
ent scores from the same individual. Absolute reliability
is often estimated with the coefficient of variation (CV)
or limits of agreement (LOA) using Bland–Altman (B-A)
plots (Bland & Altman, 1986). The CV is calculated by
dividing the standard deviation by the group mean. CV
estimates are limited by the lack of a standard interpre-
tation of CV values. Also, acceptable CV values may
vary by measure.

The B-A method involves plotting the differences
between two scores against the means of both scores, cal-
culating their LOA, and then determining the percentage
of data points within the LOA (Bland & Altman, 1986,
1999). LOA may be set at a default value of ±1.96 SDs of
the mean difference or may be alternatively set at a prede-
termined clinically acceptable difference. This strategy is
predicated on the existence of consensus within the field
on what constitutes a “clinical meaningful unit of change”
for a particular measure. Alternatively, if one measure is
considered the reference measure, the differences of the
scores can be plotted against the scores from the reference
measure. B-A plot analysis shows bias between the mea-
sures as the distance between zero and the mean differ-
ences. For example, if the mean difference is −5, the sec-
ond measure, on average, measures 5 units more than the
first one. Visual analysis also shows any relation between
difference and magnitude (see B-A plot interpretation
guide in Supplemental Material S4 for additional informa-
tion). The B-A method may represent a more appropriate
estimate of reliability for ratio data and may better repre-
sent clinical acceptability (Bruton et al., 2000; Pavelko
et al., 2020).
Reliability of LSA Measures in Children
With TL

Mean Length of Utterance
Mean length of utterance (MLU) in morphemes is a

conventional measure of overall grammatical development
sensitive to age-related changes in younger children
(Brown, 1973; Miller & Chapman, 1981). Stable differ-
ences in MLU have been demonstrated between children
with TL and DLD over a wide range of ages (3–8 years;
Bedore & Leonard, 1998; Pavelko & Owens, 2019; Rice
et al., 2006). MLU values for 5- to 7-year-old children
with DLD often fall in the 4.0–4.5 range compared to the
5.0–5.5 range associated with children with TL (Rice
et al., 2010), representing an expected average MLU dif-
ference between affected and unaffected cases of 1.0. Pre-
vious studies yielded mixed results when determining the
minimum sample needed for reliable MLU calculation for
children with typically developing language.

Darley and Moll (1960) found “adequate” split-half
reliability (r = .85) for MLU in 50-utterance picture
description language samples from 5-year-old children
with TL (n = 150). In contrast, Gavin and Giles (1996)
found that 100 utterances were required to reach “accept-
able” levels of relative reliability (r = .82, p < .0001),
whereas 175 utterances were needed for “very high” reli-
ability (r = .93, p < .001) for MLU using two parent–child
play-based language samples collected on 2- to 3-year-old
young children with TL (n = 20) within a 3- to 14-day
period. These different findings could be attributed to
differences in participants’ age, the sampling contexts, or
sample sizes.

More recently, Heilmann et al. (2010) examined the
relative and absolute reliability of MLU, calculated using
Systematic Analysis of Language Transcripts (SALT;
Miller et al., 2019), in both conversational and narrative
samples from children with TL (n = 231) in a range of
ages (younger group = 2;8–5;11 [years;months], older =
6;0–13;13). A repeated-measures analysis of variance
(RMANOVA) found no significant differences for MLU
among 1-, 3-, and 7-min transcript lengths (p = .54, η2 <
.01). No significant interactions were found between sam-
ple length, context, and age (ps ≥ .12, η2s < .01), suggest-
ing a negligible amount of variance was due to the inter-
actions between length, context, and age. When examining
the relative reliability of MLU using Cronbach’s alpha
tests, alpha values ranged from “undesirable” to “accept-
able” (αs = .56–.79) when comparing 1-min (Mutterances =
12–16) and 3-min (Mutterances = 36–48) cuts to 7-min sam-
ples across sampling contexts and age groups. Absolute
reliability was measured using the CV. CV values for
MLU ranged from 0.15 to 0.37 and showed differences of
0.04–0.14 from 1- to 7-min samples and 0.03–0.07 from
3- to 7-min samples, indicating minor changes in MLU
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between 3- and 7-min samples. These results suggest that
obtaining an MLU that meets the more stringent criteria
of α ≥ .90 requires samples longer than 3 min or 40 utter-
ances. However, differences in MLU between the 3- and
7-min samples do not appear to be clinically meaningful.

Using SALT analysis, Guo and Eisenberg (2015)
compared MLUs from 1-, 3-, 7-, and 10-min cuts to 22-min
play-based conversational samples from children with TL
(n = 60) ages 3;0–3;11. RMANOVAs showed no significant
differences for MLU among sample lengths (ps > .29,
ηp

2 < .019). Using Pearson correlations, MLU reached
“acceptable” relative reliability at the 10-min cut (r = .93,
p < .01, Mutterances = 90). These findings indicate 10-min
samples, or around 90 utterances, are needed for reliable
MLU measures in 3-year-old children with TL. Taken
together, the findings of these four studies suggest that
language samples around 10 min or 60–100 utterances in
length will result in estimates of MLU consistent with
those from longer samples. In contrast, Pavelko et al.
(2020) found MLU was reliable in 25-utterance conversa-
tional samples using a different protocol for MLU calcu-
lation than the traditional Brown (1973) conventions.

Pavelko et al. (2020) measured the relative and
absolute reliability of MLU from 25- and 50-utterance
samples from children with TL (n = 220) ages 3;2–7;10
using the Sampling Utterances and Grammatical Analysis
Revised (SUGAR) method (detailed in Pavelko & Owens,
2017). Pavelko et al. employed a mixed-model analysis to
estimate relative reliability using between-subjects variabil-
ity and absolute reliability using within-subject variability.
The results revealed no significant differences for mean
MLU scores between the 25- and 50-utterance samples
(p = .64, d = −0.03, 95% confidence interval [CI] [−0.22,
0.16]). The results also showed significant variation for
MLU; however, the 95% CI for the effect size included
zero, indicating this result was not clinically significant
(p = .0001, d = 0.04, 95% CI [−0.22, 0.14]). To examine
the clinical significance of these results, the authors exam-
ined B-A plots with the differences of MLUs for 25- and
50-utterance samples plotted against the means. LOA
were calculated using ±1.96 SDs of the differences. The
analyses showed that 95% of the data points fell within
the LOA. At face value, this represents a desirable out-
come. However, in practice, their estimated LOA (−2.21,
2.29) would allow for differences between estimates of
MLU to be as high as 4.5. Even so, the authors proposed
their results indicated reliable MLU scores could be
obtained from 25-utterance conversational language sam-
ples in children ages 3;2–7;10 with TL skills.

Besides MLU, the most researched LSA measure,
examinations of the reliability of other LSA measures have
yielded mixed findings. Unlike MLU, these measures do not
have readily available developmental frameworks to extrap-
olate a clinically meaningful unit of growth or change.
1942 Journal of Speech, Language, and Hearing Research • Vol. 65 •
Words per Minute
Words per minute (WPM) is a measure of verbal pro-

ductivity and fluency shown to increase with age (Miller,
1981). Two of the previously reviewed studies examined the
reliability of WPM in shorter language samples with fairly
similar results. Heilmann et al. (2010) found no significant
differences for WPM in 1- and 3-min samples compared to
7-min samples (p = .67, η2s < .01), with no significant inter-
action effects between length, age group, and sampling con-
text (ps ≥ .28, η2s < .01). Cronbach’s alpha values showed
“respectable” relative reliability for WPM in the 1-min
samples for both age groups in both contexts (αs ≥ .80) and
“good” relative reliability in the 3-min samples for the older
age group in both contexts (αs ≥ .92). CV values showed
modest differences ranging from .02 to .16 between the 1-
and 7-min samples and from .01 to .03 between the 3- and
7-min samples, indicating good absolute reliability.

In contrast, Guo and Eisenberg (2015) found WPM
was significantly larger in 3-min samples compared to
22-min samples (p = .001, η2s = .168). However, there
were no significant differences for WPM in the 1-, 7-, and
10-min samples compared to the 22-min samples (ps ≥ .07,
η2s < .06). Pearson correlations showed WPM reached
“adequate” reliability at the 7-min length (r = .92, p <
.01). These studies suggest a reliable WPM measure can
be obtained from a sample of around 7 min or 60 utter-
ances in younger children and from a sample of 3 min or
30–40 utterances in older children.

Number of Different Words
Number of different words (NDW) is a measure of

lexical diversity that has been shown to differentiate chil-
dren with DLD from children with TL (Hewitt et al.,
2005; Watkins et al., 1995). Gavin and Giles (1996) calcu-
lated test–retest reliability coefficients for NDW using
play-based language samples from preschool children with
TL. They found that 150 utterances were required to
reach “acceptable” reliability (r = .83, p < .001) and 175
utterances were required for “very high” reliability (r =
.93, p < .001). In contrast, Guo and Eisenberg (2015)
found “acceptable” reliability (r = .92, p < .01) for 10-min
samples (Mutterances = 91) when compared with 22-min
play-based samples from preschool children with TL.
Heilmann et al. (2010) also found NDW to be reliable in
shorter samples. In their sample, NDW reached “very
good” relative reliability (αs ≥ .81) and absolute reliability
(CV differences = 0.05–0.13) in 1-min samples in younger
and older age groups in both narrative and conversational
contexts. Because reliability was calculated using different
metrics, it is hard to synthesize results across these studies.

Sentence Complexity
Measures of sentence complexity have been shown

to detect language growth throughout the school-age years
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(Nippold et al., 2007). Studies have reported that children
with DLD, as a group, use simpler sentence structures than
children with TL (Bishop & Donlan, 2005; Marinellie,
2004; Scott & Windsor, 2000). However, little is known
about the reliability of sentence complexity measures from
short language samples. Two studies examined the reliabil-
ity of sentence complexity measures with conflicting results.
Darley and Moll (1960) found that a structural complexity
measure scoring utterances based on the number of phrases
and clauses did not show adequate reliability (r = .69) in
50-utterance picture description samples from typically
developing 5-year-old children. Pavelko et al. (2020) exam-
ined the relative and absolute reliability of clauses per sen-
tence (CPS) in 25- and 50-utterance conversational samples
from children ages 3;2–7;10. They found significant differ-
ences between CPS mean scores (p = .012, d = −0.2) with
significant variation (p = .0001, d = 0.19). Further analysis
using a B-A scatter plot indicated that the variation for
CPS was not clinically significant as 96% of scores fell
within the lines of agreement (−0.20, 0.24; M difference =
0.019), suggesting differences between the 25- and 50-
utterance samples were not clinically meaningful. Differ-
ences in measures and analyses used across studies make
direct comparisons difficult. Therefore, whether sentence
complexity measures can be reliably obtained from short
language samples remains an open question.

Additional Measures
An increased number of mazes, including false

starts, revisions, disfluency repetitions, and filler words
(e.g., um, uh, er), may indicate difficulty with sentence for-
mulation or word-finding problems (Miller, 1996). Some
studies have found significant group differences for the per-
centage of maze words (PMW) used by children with TL
and DLD (MacLachlan & Chapman, 1988; Thordardottir
& Weismer, 2002). Heilmann et al. (2010) found relative
reliability levels for the PMW ranged from “unacceptable”
to “acceptable” (αs = .39–.79) in 1- and 3-min conversa-
tional and narrative samples from children with TL. Dif-
ferences in CV values ranged from 12% to 40% between
1- and 7-min samples and from 4% to 16% between 3- and
7-min samples, indicating variability across sample lengths.
However, if children with DLD produce relatively more
maze words, this measure may be reliable in short samples
from children with DLD.

Eisenberg and Guo (2015) calculated split-half reli-
ability for the percent grammatical utterances (PGU) in
picture description language samples from 3-year-old chil-
dren with TL. Comparing sample cuts from two 7-picture
sets (Mutterances = 32, 30) to the entire 15-picture samples
(Mutterances = 67) showed no significant differences for
PGU (ps > .45, ηp

2 < .02). Pearson correlations showed
“acceptable” levels of relative reliability (rs > .95, ps <
.01), suggesting 30-utterance samples are adequate for
measuring PGU in this age group for children with TL.
Heilmann et al. (2010) also examined the reliability of omis-
sions and errors in short language samples. Cronbach’s
alpha values indicated this measure was unreliable in 1- and
3-min conversational or narrative samples from children
with TL (αs = .51–.69). Differences in CV values ranged
from 0.64 to 1.45, representing significant variability, consid-
ering the mean number of errors and omissions (EAO)
ranged from 0.7 to 1.6. Again, this measure may be more
reliable in children with DLD than those with TL as they
produce grammatical EAO at higher rates.

In summary, some LSA measures, including MLU,
WPM, and NDW, have demonstrated acceptable levels of
relative reliability when based on shorter language sam-
ples. Multiple independent investigations of relative reli-
ability suggest language samples around 7 min or 50–60
utterances in length are probably sufficient. Estimates of
absolute reliability, including the CV and B-A plots pro-
vided by some investigators, are more challenging to inter-
pret without agreed-upon cutoff values. Other LSA mea-
sures, including sentence complexity, PMW, and EAO,
may require longer samples when used with children with
TL. Curiously, more studies have investigated the reliabil-
ity of LSA measures in children with TL than in children
with language disorders. Evidence for the reliability of
short language samples is needed in this population
because SLPs typically collect language samples on chil-
dren with language disorders. A few studies have exam-
ined the reliability of LSA measures from short language
samples in children with DLD with results similar to those
from children with TL.

Reliability of LSA Measures in Children With
Language Disorders

MLU
Cole et al. (1989) examined reliability for MLU

using play-based samples from children with language
delay ages 4;4–6;8 (n = 10). MLU showed good split-half
reliability (ρ = .95) and good test–retest reliability (ρ =
.92) from two 100-utterance samples collected 2 weeks
apart. Tilstra and McMaster (2007) found MLU in words
was unreliable (rs = .01–.63) when comparing three short
picture-elicited narrative samples (Mutterances = 12) from
children ages 5–9 years (n = 45), including children with
TL; those receiving special services for reading, speech, or
language; and English language learners. Casby (2011)
compared MLU for 10-, 20-, and 50-utterance cuts with
100- to 150-utterance conversational samples from chil-
dren with DLD (n = 10) ages 3;0–11;8. Pearson correla-
tions ranged from .52 to .94 depending on the cuts’ utter-
ance length and location (e.g., first 10, middle 10, last 10,
or 10 random utterances). Selecting 50 random utterances
showed good reliability (r = .94). These results suggest
Wilder & Redmond: Reliability of Short Language Samples 1943



that, similar to children with TL, samples of at least 50
utterances are required for reliable MLU measures in chil-
dren with DLD.

Additional Measures
Tilstra and McMaster (2007) also examined the reli-

ability of WPM, clauses per C-unit, and total grammatical
errors among three short picture-elicited narrative samples
(Mutterances = 12). WPM showed acceptable reliability in
the first- and third-grade groups but not in the kindergar-
ten group. Conversely, grammatical errors showed good
reliability in the kindergarten group but not in the first-
and third-grade group. Clauses per C-unit showed poor
reliability in all three age groups. Guo et al. (2021) exam-
ined the split-half reliability of a clausal density measure
in narrative samples of children ages 4–9 years with TL
and with DLD. Reliability was calculated for the two
groups combined using samples that ranged in length from
33 to 174 utterances with means ranging from 58 to 81 by
age group. Pearson correlations by age group ranged from
.54 to .86, p < .001, which the authors interpreted as
showing “appropriate” reliability. However, only the 5-
year-old group met the criteria of r ≥ .80. Guo et al.
(2019) examined the split-half reliability of PGU in narra-
tive samples from children with TL (n = 300) and DLD
(n = 77) ages 4–9 years. The samples varied in length from
9 to 148 utterances; mean utterances by age group ranged
from 52 to 80. They found “acceptable” reliability for PGU
in the 4-, 5-, 7-, and 8-year-old groups (rs ≥ .82, ps < .001),
whereas reliability was nearly at acceptable levels in the
6-year-old group (r = .79, p < .001) and was below accept-
able levels in the 9-year-old group. (r = .63, p < .001).

In summary, limited information suggests that
MLU and WPM show similar levels of reliability in chil-
dren with DLD compared to children with TL, indicat-
ing these measures may be reliably obtained from shorter
language samples for children with DLD. Reliable mea-
sures of clausal density appear to require samples greater
than 12 utterances for children with DLD but may be
reliable in 70-utterance samples for certain age groups.
Finally, PGU may be obtained reliably in children with
DLD using samples around 70 utterances in length.
However, further study is needed to determine the mini-
mum sample length required for reliable measures for
PGU. Further examination into the length of sample
needed to assess additional LSA measures reliably in
children with DLD is needed.

The Current Study

The purpose of this observational, case–control
study was to determine the shortest conversational lan-
guage sample length, as measured in minutes, needed for
reliable LSA measures based on automated SALT
1944 Journal of Speech, Language, and Hearing Research • Vol. 65 •
analyses for children in kindergarten and first grade with
TL skills and DLD. To this end, we addressed the follow-
ing research questions.

1. Are there significant main effects for sample length?
Specifically, are LSA measures based on differing
sample lengths (1, 3, 7, and 10 min) significantly dif-
ferent from a 20-min standard reference when exam-
ined with a series of RMANOVAs?

2. Do the effects of length across LSA measures vary as
a function of group status (TL, DLD)? In other words,
are there significant Length × Group interactions?

3. Do LSA measures from shorter samples demon-
strate adequate levels of relative reliability as deter-
mined with Spearman–Brown correlation coeffi-
cients ≥ .90?

4. Do LSA measures from shorter samples demon-
strate adequate levels of absolute reliability as deter-
mined with CVs and B-A plots showing ≥ .95% of
data points within LOA of ±1.96 SDs of mean
differences?

5. Does the sample length needed for adequate levels
of reliability (ρ ≥ .90, LOA ≥ 95%) for LSA mea-
sures vary as a function of group status (TL, DLD)?

6. Are there significant differences, measured with
Fisher Z transformation, in the reliability levels of
short-sample LSA measures collected on children
with DLD and children with TL?

Based on prior studies, we predicted that the num-
ber of utterances, WPM, NDW, and MLU from shorter
language samples would show similar levels of reliability
across children with TL and children with DLD. We also
predicted that lengths needed to establish reliability would
vary across LSA measures. We also predicted that EAO
and PGU would be more reliable measures in samples col-
lected from children with DLD than samples from chil-
dren with TL, as children with DLD produce grammatical
EAO more frequently.
Method

Approval was obtained from the University of
Utah's institutional review board for the following proce-
dures. Reporting follows the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
statement (Von Elm et al., 2007). See Supplemental Mate-
rial S8 for STROBE checklist.

Participants

Language samples used for this study were collected
as part of a previous investigation of school-based
1939–1955 • May 2022
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language screening protocols (Redmond et al., 2019).
Some of these samples were used in an earlier study of
children’s productions of infinitive clauses (Wilder &
Redmond, 2021). In the language screening study, stu-
dents in kindergarten through third grade (n = 254)
enrolled in regular education and those receiving school-
based services for speech disorders, language disorders,
reading disabilities, learning disabilities, or behavioral disor-
ders were recruited. Children with multilingual status, with
clinically low levels of nonverbal IQ (< 70), or who failed a
hearing screening were excluded. Participants were also
required to pass the Test of Early Grammatical Impairment
phonological probe. This probe determines whether a child
can accurately produce a small set of phonemes, /s, z, t, d/,
accurately when they appear in word-final position. Suffi-
cient accuracy with these particular phonemes in word-final
contexts ensures that observed morphological omissions are
due to children’s grammatical limitations rather than their
phonological limitations. The percentage of intelligible
words in our language samples ranged from 96% to 100%
(M = 98.5%) for the TL group and from 91% to 100%
(M = 96.4%) for the DLD group.

In the language screening study, play-based conver-
sational language samples were collected from all kinder-
garten and first-grade participants who came in for lab-
based confirmatory assessments (n = 119). From that sub-
group, we identified 24 participants who met our criteria
for DLD. These criteria included a standard score (M =
100, SD = 15) of ≤ 85 on the Clinical Evaluation of Lan-
guage Fundamentals–Fourth Edition (CELF-4; Semel
et al., 2003) Core Language Index and a standard score of
≥ 70 on the Naglieri Nonverbal Ability Test (NNAT;
Naglieri, 1997). A cutoff score of 85 on the CELF-4 Core
Language Index shows 100% sensitivity and 82% specific-
ity for identifying cases of DLD (Nitido & Plante, 2020)
and is commonly used by both researchers and clinicians
(Betz et al., 2013; Caesar & Kohler, 2009; Finestack &
Table 1. Participant characteristics means (standard deviations) and rang

Group Sex Age (years;months) Mom’s e

TL
n = 21

11 male
10 female

6;2
(0;7)

5;6–7;4

4.05*
(0.74)
3–5

DLD
n = 21

14 male
7 female

6;2
(0;8)

5;5–7;7

3.43*
(0.93)
2–5

Note. ed = education; NNAT = Naglieri Nonverbal Ability Test; CELF = C
DLD = developmental language disorder.
a1 = some high school, 2 = high school diploma/GED, 3 = some college/
school/advanced degree.

*p < .05. ***p < .001.
Satterlund, 2018). Because we had access to a community-
based sample of children, we elected to take advantage of
the opportunity and included unidentified cases of lan-
guage disorder to enhance our external validity. Three
participants, one who did not complete our nonverbal
assessment and two whose language samples were shorter
than 20 min, were excluded from the current study, result-
ing in a final sample of n = 21 participants in the DLD
group (Mage = 6;2, range: 5;5–7;7). Of the 21 children
identified as having DLD, 11 were receiving speech
pathology services at the time of the study, and four had
previously been diagnosed as having a speech/language
impairment but were not receiving services at the time of
the study, according to parental report.

We matched participants with DLD to participants
with TL by age within 3 months (mean age = 6;2, range:
5;6–7;5). Criteria for assignment to the TL comparison
group included a standard score between 70 and 120 on
the NNAT and a CELF-4 Core Language Index score
between 86 and 115. Upper limits for NNAT and CELF
scores were imposed on the TL group to ensure that
group comparisons would not be distorted by the overrep-
resentation of children with significantly above-average/
gifted verbal or nonverbal skills. There was no signifi-
cant group difference for NNAT scores; both group
means were close to expected average levels of perfor-
mance. As expected, there were significant differences
between groups in their CELF-4 core language scores,
with the TL group mean aligning with an “average”
level of performance and the DLD group mean consis-
tent with “moderate-to-severe” levels of impairment. Addi-
tional exclusionary criteria for both the DLD and TL
comparison groups included a history of hearing loss,
neurological damage, a genetic syndrome, or a diagno-
sis of autism spectrum disorder. Other participant charac-
teristics, including sex, race, ethnicity, and maternal edu-
cation, are presented in Table 1.
es.

da Race/ethnicity NNAT CELF

20 White
1 African American
2 Hispanic

104.86
(9.15)
85–118

104.71***
(8.22)
88–115

17 White
1 African American
2 Asian, 1 “other”
1 Hispanic

97.57
(14.48)
73–122

66.19***
(14.26)
40–84

linical Evaluation of Language Fundamentals; TL = typical language;

technical training, 4 = four-year college degree, and 5 = some grad
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Language Sampling Procedure

Graduate student clinicians elicited 30-min play-
based conversational samples in a laboratory setting using
a standard kit that included a house, a barn, little people,
farm animals, and furniture. Prior to data collection,
examiners were trained to proficiency on evidence-based
elicitation procedures, including speaking with short sen-
tences, pausing, and limiting their use of yes/no ques-
tions. Examiners were also trained to use open-ended
prompts to elicit children’s utterances (see Hadley, 1998).
The play sessions were audio- and video-recorded for later
transcription.

Transcription Procedure and Accuracy

Graduate student research assistants who were naive
to the participants’ group status transcribed and coded the
conversational samples following standard conventions
from the SALT (Miller et al., 2019). Transcribers were
required to complete SALT training courses (SALT
Software, 2021) and reach at least 85% agreement for
morpheme, word, utterance boundary, and SALT codes
with a standardized practice sample before transcribing
and coding data for this study. A second research assis-
tant checked transcription and coding for each conversa-
tional sample. Any disagreements between the original
transcriber/coder and the checker were resolved through
consensus. Twenty percent of the vetted samples from
the TL and DLD groups (five samples each) were ran-
domly selected and independently transcribed and coded
again to estimate interrater reliability. ICCs based on
consistency for average measures were calculated using a
two-way random-effects model for each of the eight LSA
measures. ICC values between .75 and .9 indicate good
reliability, and values ≥ .90 indicate excellent reliability
(Koo & Li, 2016). The following ICCs for the TL group
Table 2. Descriptions of selected language sample measures calculated w

Language sample measure

Number of total utterances All utterances, including parti
Words per minute The number of words, includi

by the number of minutes
Number of different words The number of different words
Mean length of utterance (MLU) in

morphemes
MLU calculated by SALT usin

Percentage of maze words The number of maze words, i
words, divided by the num

Errors and omissions The combined number of gra
Percent grammatical utterances The number of grammatical u

by the number of total utte
Subordination index The ratio of the total number

Subordinate clauses includ
clauses. Independent coord

1946 Journal of Speech, Language, and Hearing Research • Vol. 65 •
indicated excellent levels of interrater reliability: utter-
ances per minute (UPM) = .998, WPM = .997, NDW =
.996, MLU = .960, PMW = .975, EAO = .987, PGU =
.965, and subordination index (SI) = .949. Interrater reli-
ability for the DLD group ranged from good to excel-
lent, indicated by the following ICCs: UPM = .998,
WPM = .984, NDW = .983, MLU = .994, PMW =
.804, EAO = .979, PGU = .942, and SI = .963.

LSA Procedure

The first 5 min of the conversational samples were
excluded from analysis to control for any potential warm-
up effects (see Miller, 1981) and due to the noise of dump-
ing out and setting up toys resulting in increased unintelligi-
ble utterances. The samples were divided into 1-, 3-, 7-, 10-,
and 20-min cuts starting at the 6-min time code. These time
points were selected following Guo and Eisenberg (2015)
and Heilmann et al. (2010). Eight language sample mea-
sures were generated using SALT software (Miller &
Iglesias, 2012), providing 40 measures on each sample. See
Table 2 for a description of these measures.

Statistical Analyses

The data were analyzed using IBM SPSS Statistics
Version 26 software (IBM Corp., 2019). We completed a
series of RMANOVAs with the language sample mea-
sures as dependent variables, DLD or TL status as a
between-group variable, and sample length as a within-
group repeated measure. Absolute value measures (total
utterances, NDW, and EAO) were divided by the number of
minutes in the segment for RMANOVAs. Next, Spearman–
Brown correlation coefficients were calculated to measure
the relative reliability of each measure at the 1-, 3-, 7-, and
10-min lengths compared to the 20-min samples. Addition-
ally, Pearson correlations and Cronbach’s alpha tests
ith Systematic Analysis of Language Transcripts (SALT).

Description

al or abandoned utterances and those with unintelligible words.
ng those in partial utterances and excluding maze words, divided
in the sample length.
, including those in partial utterances and excluding maze words.
g the analysis set (complete and intelligible utterances).

ncluding false starts, revisions, disfluency repetitions, and filler
ber of total words.
mmatical errors and omissions.
tterances, those with no grammatical errors or omissions, divided
rances.
of clauses (main and subordinate) to the number of C-units.
ed adverbial, relative, and complement clauses excluding infinitive
inate clauses were transcribed as a separate C-unit.
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(Cronbach, 1951) were calculated as another measure of rel-
ative reliability to allow for comparison to previous studies.
Absolute value measures were divided by the number of
minutes when calculating Pearson correlations. Alpha
values for the absolute value measures were based on stan-
dardized items due to differences in scaling across sample
lengths, whereas alpha values for the ratio measures
(WPM, MLU, PMW, PGU, and SI) were not adjusted.

The CV was calculated as an estimate of absolute
reliability for each LSA measure across time cuts and by
group. B-A plots for MLU and SI measures were gener-
ated using MedCalc (2021) for Windows (Version 20.014)
as an additional estimate of absolute reliability and for
comparison with Pavelko et al. (2020). The individual dif-
ferences between LSA measures for each time cut and the
20-min length were plotted on the y-axis, and the individ-
ual LSA measures for the 20-min length were plotted on
the x-axis as a reference standard (Bland & Altman, 1986,
1999; Krouwer, 2008). Separate plots were generated for
each LSA measure by time cut (1, 3, 7, and 10 min) by
group (TL, DLD). Following Pavelko et al. (2020), LOA
were calculated using ±1.96 SDs of the differences. B-A
plots were also interpreted using clinically significant LOA
set at ±1.0 for MLU, following Pavelko et al. (2020). We
selected an MLU difference of < 1.0 based on the logic
that each increase of 1.0 on the MLU scale generally aligns
with a grammatical stage under Brown’s (1973) influential
model. Thus, we would consider estimates of MLU that
are discrepant by more than 1.0 to represent a clinically sig-
nificant level of disagreement because they are associated
with different stage assignments (Miller & Chapman, 1981;
Paul et al., 2017). An MLU value of 1.0 also corresponds
to the magnitude of observed group differences provided by
previous comparisons of children with DLD and TD in the
age range considered here. Finally, Fisher Z transforma-
tions were applied to the obtained Pearson correlations
across our measures to identify potentially significant group
differences in our reliability estimates.
Results

Significant Main Effects for Length
Were Observed

Means, standard deviations, and ranges for the eight
language sample measures are presented in Table 3,
divided by group (TL, DLD) and sample length (1, 3, 7,
10, and 20 min). RMANOVAs were calculated to examine
differences between the shorter samples and the 20-min
samples. Mauchly’s test indicated the assumption of sphe-
ricity was violated for the main effects of sample length
and the Length × Group interaction effects for all eight
language sample measures. Therefore, Greenhouse–Geisser
estimates of sphericity were used. A series of RMANOVAs
revealed significant differences across sample lengths for
NDW per minute (p < .001, ηp

2 = .627). Main effects for
length were nonsignificant for the seven other language
sample measures (ps = .20–.98, ηp

2s = .003–.040). See
Table 4 for a summary of the results.

Length × Group Interactions Were Nonsignificant
Length × Group interactions were nonsignificant for

all eight LSA measures, indicating length effects for LSA
measures did not vary as a function of group status (ps =
.06–.75, ηp

2s = .005–.071). Main effects for group were
significant (ps ≤ .02) for six of the eight LSA measures
(WPM, NDW, MLU, EAO, PGU, and SI) with medium-
to-large effect sizes (ηp

2 = .13–.40). See Table 4 for a sum-
mary of the results.

Estimates of Relative Reliability Varied Across
Measures and Groups

Spearman–Brown coefficients were calculated to fur-
ther examine the reliability of these measures in shorter
language samples relative to the 20-min benchmark. In
the TL group, ρ coefficients ranged from a low of −.36
for MLU in a 1-min sample to a high of .97 for number
of total utterances (NTU) in a 7-min sample. The DLD
group showed a range of ρ coefficients from a low of .21
for SI in a 1-min sample to a high of .98 for NDW and
WPM in a 10-min sample. Table 5 provides a summary of
the results divided by group and sample length. Following
McCauley and Swisher (1984), we considered ρ coeffi-
cients ≥ .90 as acceptable levels of reliability.

Cronbach’s alpha coefficients were similar to
Spearman–Brown coefficients and ranged from .55 to .97
in the TL group and from .14 to .98 in the DLD group
(see Supplemental Material S1 for results). Sample lengths
needed to reach adequate levels of reliability were identical
to those with ρ coefficients except for WPM in the DLD
group, which increased from 3 to 7 min, and NDW in the
TL group, which decreased from 10 to 7 min. The results
for the TL group replicated results from Heilmann et al.
(2010) for WPM, NDW, and errors and showed slightly
lower alpha values for MLU and PMW.

Pearson coefficients showed overall lower levels of
reliability compared to Spearman–Brown coefficients,
ranging from −.22 to .94 in the TL group and .18 to .97
in the DLD group, resulting in longer sample lengths to
reach acceptable levels of reliability for nearly all mea-
sures in both groups (see Supplemental Material S2).
These results replicated the work of Guo and Eisenberg
(2015) for WPM and NDW and showed a lower correla-
tion for MLU by comparison for the 3-min length. Our
results for MLU, WPM, and NDW replicated the results
from Guo and Eisenberg for the 7- and 10-min
segments.
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Table 3. Means (standard deviations) and ranges of language sample measures by group and length.

Measure Group

1 min 3 min 7 min 10 min 20 min

M (SD) Range M (SD) Range M (SD) Range M (SD) Range M (SD) Range

Frequency-based measures
Number of total
utterances (NTU)

TL 12.24 (4.93) 3–25 35.05 (12.02) 12–68 81.43 (28.23) 38–163 115.14 (38.32) 50–222 230.1 (73.73) 102–440
DLD 9.38 (4.88) 2–17 30.38 (14.12) 8–53 72.14 (28.83) 25–110 105.33 (38.22) 46–156 212.81 (66.50) 88–303

Number of different
words (NDW)**

TL 29.62 (10.62) 3–47 65.57 (19.10) 34–110 116.52 (29.53) 69–195 145.76 (32.99) 86–232 232.95 (45.86) 142–353
DLD 20.95 (12.42) 4–48 48.05 (23.88) 9–84 84.38 (34.32) 24–139 111.38 (37.48) 48–174 170.76 (49.67) 72–250

Errors and omissions
(EAO)***

TL 0.43 (0.75) 0–3 1.43 (1.40) 0–6 3.38 (2.20) 0–10 4.67 (2.90) 1–13 10.67 (4.53) 2–21
DLD 1.24 (1.67) 0–7 3.86 (3.21) 0–12 10.05 (6.95) 0–24 14.57 (9.59) 0–33 30.43 (19.71) 2–81

Ratio-based measures
NTU per minute TL 12.24 (4.93) 3–25 11.68 (4.01) 4–23 11.63 (4.03) 5–23 11.51 (3.84) 5–22 11.50 (3.69) 5–22

DLD 9.38 (4.88) 2–17 10.13 (4.71) 3–18 10.31 (4.12) 4–16 10.53 (3.82) 5–16 10.64 (3.32) 4–15
Words per minute* TL 45.62 (21.62) 3–104 45.16 (18.94) 19–99 43.69 (17.66) 18–99 43.57 (16.83) 17–96 45.32 (16.56) 17–95

DLD 31.29 (23.60) 4–83 31.64 (20.56) 4–72 30.61 (18.44) 5–76 32.09 (17.42) 8–76 32.80 (15.82) 7–71
NDW per minute** TL 29.62 (10.62) 3–47 21.86 (6.37) 11–37 16.64 (4.20) 10–28 14.58 (3.30) 9–23 11.65 (2.29) 7–18

DLD 20.95 (12.42) 4–48 16.02 (7.96) 3–28 12.05 (4.90) 3–20 11.14 (3.75) 5–17 8.54 (2.48) 4–13
MLU** TL 4.76 (1.19) 2.5–6.8 5.05 (0.90) 3.7–6.5 5.01 (0.84) 3.9–7.7 5.00 (0.85) 4.0–7.7 5.28 (0.96) 4.0–8.2

DLD 4.28 (1.25) 1.9–6.3 4.18 (1.30) 1.8–7.1 4.01 (0.91) 2.2–6.3 4.20 (0.87) 2.8–6.8 4.28 (0.88) 2.8–6.5
Percentage of maze
words

TL 1.81 (2.89) 0–9 2.07 (1.81) 0–6 2.91 (1.60) 0–6 3.12 (1.53) 1.1–7.3 3.42 (1.74) 1–6.6
DLD 3.35 (5.71) 0–20 3.16 (4.41) 0–20 3.52 (2.730 0–11.5 3.37 (1.67) 0.5–6.3 3.87 (2.18) 0.3–9

EAO per minute*** TL 0.43 (0.75) 0–3 0.48 (0.47) 0–2 0.50 (0.32) 0–1 0.50 (0.30) 0–1 0.56 (0.23) 0–1
DLD 1.24 (1.67) 0–7 1.29 (1.07) 0–4 1.44 (0.99) 0–3 1.46 (0.96) 0–3 1.52 (0.99) 0–4

Percent grammatical
utterances***

TL 97.12 (4.71) 88–100 95.26 (4.50) 82–100 95.45 (2.91) 90–100 95.71 (2.30) 91–99 94.93 (2.76) 88–99
DLD 82.25 (23.90) 0–100 84.51 (11.39) 63–100 85.18 (7.94) 73–100 85.67 (7.30) 75–100 85.04 (7.92) 69–98

Subordination index*** TL 1.16 (0.16) 0.89–1.44 1.13 (0.12) 1–1.45 1.10 (0.06) 1–1.21 1.10 (0.05) 1.02–1.24 1.11 (0.06) 1.02–1.23
DLD 0.95 (0.25) 0–1.33 0.97 (0.2) 0.33–1.25 0.97 (0.11) 0.77–1.13 0.98 (0.11) 0.73–1.13 0.99 (0.09) 0.8–1.11

Note. Significant between-group differences are indicated by asterisks. TL = typical language; DLD = developmental language disorder; MLU = mean length of utterance.

*p < .05. **p < .01. ***p < .001.
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Table 4. RMANOVA results by group (TL, DLD) and sample length.

Measure df f p ηp
2

Number of total utterances per minute Length 1.72 0.20 .79 .005
Group 1 1.55 .22 .037
Length × Group 1.72 3.05 .06 .071

Words per minute Length 1.48 0.38 .62 .009
Group* 1 5.69 .022 .125
Length × Group 1.48 0.21 .74 .005

Number of different words per minute Length*** 1.24 77.18 < .001 .659
Group** 1 9.38 .004 .190
Length × Group 1.24 2.76 .10 .064

MLU Length 1.62 1.05 .34 .026
Group** 1 11.15 .002 .218
Length × Group 1.62 1.06 .34 .026

Percentage of maze words Length 1.87 2.05 .14 .049
Group 1 1.23 .27 .030
Length × Group 1.87 0.68 .50 .017

Errors and omissions per minute Length 1.61 0.92 .38 .023
Group*** 1 15.63 < .001 .281
Length × Group 1.61 0.22 .75 .006

Percent grammatical utterances Length 1.35 0.11 .98 .003
Group*** 1 26.92 < .001 .402
Length × Group 1.35 0.81 .41 .020

Subordination index Length 1.51 0.28 .70 .007
Group*** 1 21.32 < .001 .348
Length × Group 1.51 1.47 .24 .035

Note. RMANOVA = repeated-measures analysis of variance; TL = typical language; DLD = developmental language disorder; MLU = mean
length of utterance.

*p < .05. **p < .01. ***p < .001.
Estimates of Absolute Reliability Varied
Across Measures

CVs showed greater variability for the DLD group
than the TL group across LSA measures and time cuts.
Table 5. Spearman‑Brown coefficients between 1-, 3-, 7-, and
10-min samples and 20-min samples by group (TL, DLD).

Measure Group 1 min 3 min 7 min 10 min

Number of total
utterances

TL .88 .95 .97 .97
DLD .80 .91 .95 .97

Words per
minute

TL .79 .90 .96 .96
DLD .75 .91 .95 .98

Number of
different words

TL .71 .88 .95 .96
DLD .80 .95 .97 .98

MLU TL −.36 .64 .93 .96
DLD .55 .75 .91 .96

Percentage of
maze words

TL .51 .19 .85 .87
DLD .63 .43 .55 .90

Errors and
omissions

TL .57 .50 .63 .70
DLD .73 .91 .92 .95

Percent
grammatical
utterances

TL .66 .46 .67 .81
DLD .53 .74 .90 .94

Subordination
index

TL .58 .30 .73 .92
DLD .21 .56 .88 .96

Note. Values in bold indicate ρ ≥ .90. TL = typical language;
DLD = developmental language disorder; MLU = mean length of
utterance.
Differences in CV values between shorter lengths and the
20-min length for the TL group ranged from 0.01 to 0.08
for NTU, 0.02 to 0.1 for WPM, 0.03 to 0.16 for NDW,
0.0 to 0.07 for MLU, 0.02 to 1.09 for PMW, 0.19 to 1.31
for EAO, 0 to 2 for PGU, and 0.0 to 0.09 for SI. Differ-
ences for the DLD group ranged from 0.05 to 0.21 for
NTU, 0.06 to 0.27 for WPM, 0.05 to 0.3 for NDW, 0.0 to
0.1 for MLU, 0.06 to 1.15 for PMW, 0.01 to 0.7 for EAO,
0 to 20 for PGU, and 0.02 to 0.17 for SI. Compared to
Heilmann et al. (2010), CV values for the TL group in the
1-, 3-, and 7-min time cuts were slightly greater for NTU,
WPM, PMW, and EAO; similar for NDW; and lower for
MLU. See Supplemental Material S3 for a summary of the
results by group and sample length.

B-A plots showed acceptable levels of reliability for
nearly all measures at all sample lengths when ±.1.96 SDs
of the mean differences were used to set LOA. This
includes every measure at the 1-min time cut for both
groups. Lack of differentiation across lengths, groups, and
measures calls into question the utility of this procedure
for estimating absolute reliability in LSA. It seems overly
generous. In contrast, using LOA of ±1.00 for MLU pro-
vided differentiation. At the 7-min threshold, the DLD
group reached acceptable levels of reliability for MLU,
and the TL group reached nearly acceptable reliability
(90% within LOA). See Supplemental Materials S4–S5 for
a summary of the results by group and sample length.
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Group Differences Were Observed in Sample
Length Needed for Adequate Reliability

Using a cutoff of ρ ≥ .90, the TL and DLD groups
required 3-min samples to reach acceptable reliability for
NTU and WPM, 7-min samples for MLU, and 10-min
samples for SI. The TL group required longer sample
lengths to reach adequate reliability than the DLD group
for NDW, PMW, EAO, and PGU. The DLD group
reached acceptable reliability levels for NDW at 3 min,
whereas the TL group required 10 min. The DLD group
was reliable for EAO at 3 min, PGU at 7 min, and PMW
at 10 min, whereas the TL group did not reach adequate
reliability levels for these measures.

Significant Group Differences in Reliability
Estimates Were Observed on EAO

Potential significant differences between groups in
estimates of relative reliability were examined. Fisher Z
converts Pearson correlation coefficients to standardized z
scores, which can be used to test for significant differences
between two correlation coefficients. Fisher Z values were
calculated for each measure at each time cut to test for
significant group differences in reliability. Significant
group differences for Pearson correlations were found for
EAO at the 3-min length (z = −2.8 p = .005, two-tailed),
7-min length (z = −2.46 p = .014, two-tailed), and 10-min
length (z = −2.6 p = .009, two-tailed). These results indi-
cated that errors within language samples represented a
more stable feature of language samples collected on 5- to
7-year-old children with DLD than those collected on
their peers with TL skills. All other group differences in
reliability coefficients were nonsignificant.
Discussion

Sufficient levels of reliability are needed before clini-
cians can place much stock in any measures designed to
help them diagnose, identify goals, or monitor progress in
children with DLD. LSA is relatively unique among avail-
able clinical measures because it addresses all these objec-
tives while also providing ecologically valid estimates of
children’s language skills. Enthusiasm for LSA among cli-
nicians has historically been curbed by the perceived
amount of time associated with collecting, transcribing,
and analyzing samples. It also appears to be waning. One
solution is to collect shorter language samples than what
has been conventionally suggested. The use of shorter
samples represents an appropriate strategy if shorter sam-
ples are as reliable and valid as longer samples. In this
study, we examined the effect of sample length, in
minutes, on the relative and absolute estimates of reliabil-
ity of eight widely used LSA measures from children with
and without DLD.
1950 Journal of Speech, Language, and Hearing Research • Vol. 65 •
Reliability for Children With TL

Estimates of relative reliability for our participants
with TL replicated previous findings for some measures
and showed differences for others. Alpha values for the
TL group at the 3-min length for WPM and NDW repli-
cated the results of Heilmann et al. (2010), suggesting that
genre effects (play-based vs. interview or narrative) might
exert little influence on the stability of these measures for
children in the age range examined here. Pearson correla-
tion coefficients for WPM and NDW at the 3-min length
replicated the results of Guo and Eisenberg (2015),
whereas correlations for MLU were slightly lower in 3-
min samples and similar in 7- and 10-min samples. This
replication suggests samples from kindergarten to first-
grade children yield similar reliability to those from
preschool-age children for these measures.

Obtained estimates of absolute reliability using CVs
and B-A plots were more challenging to interpret. Their use
has been limited in previous language sample studies. In
many cases, what constitutes a clinically meaningful differ-
ence for a given LSA measure is unclear. In addition, con-
ventions for suitable cutoff values for CV and LOA for B-A
plots for LSA measures have yet to emerge. Compared to
Heilmann (2010), CVs in our TL group across 1-, 3-, and 7-
min samples were higher for UPM, WPM, and PMW, sug-
gesting play-based samples may result in more variability
for these measures compared to interview and narrative
samples. CV for NDW, MLU, and EAO was similar to those
in Heilmann’s study, suggesting similar variability across
sampling contexts for these measures in children with TL.

B-A plots with LOA calculated using ±1.96 SDs of
mean differences resulted in LOA that were too large to
be helpful for determining reliability in 1- and 3-min sam-
ples, similar to the findings of Pavelko et al. (2020) in a
25-utterance sample. For example, our analyses for MLU
in 1- and 3-min samples, along with the 25-utterance
MLU from Pavelko et al. (2020), showed that 95% of the
data points fell within the LOA. At face value, this repre-
sents a desirable outcome. However, in practice, our esti-
mated LOA (−1.6, 2.1 for a 3-min MLU in the TL group)
would allow for differences between estimates of MLU to
be as high as 3.7. For example, it would consider a 3-min
MLU of 3.0 consistent with a 20-min MLU of 6.7. Allow-
ing discrepancies of that magnitude essentially capsizes
any prospect of using the MLU measure to determine the
presence or absence of a language disorder or to attribute
observed improvements to intervention efforts. However,
in the 7- and 10-min samples for MLU, the ±1.96 SDs of
LOA were similar to our selected LOA of ±1.00 for MLU
and showed reliability levels similar to estimates calculated
for relative reliability. These results suggest that using
LOA of ±1.00 for MLU may be more clinically useful for
determining benchmarks for absolute reliability.
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Additionally, it is unclear whether results from
SALT and SUGAR-based MLU calculations can be
meaningfully compared. Briefly, MLUsugar includes sev-
eral derivational bound morphemes (e.g., −ful, −er, −ly);
counts contracted infinitives such as wanna, hafta, and
gotta as two morphemes and gonna as three morphemes;
and includes one-word, incomplete, and abandoned utter-
ances as well as utterances with up to two unintelligible
words. This alternative version of MLU does not yet have
an established unit of growth anchored to developmental
achievements like traditional MLU calculations. In tradi-
tional MLU calculations, an increase of around 1.0 tracks
with substantive qualitative changes (i.e., stages) reflecting
children’s emerging proficiencies with morphosyntax, phrase
elaborations, and complex syntax (Guo et al., 2018).

Reliability for Children With DLD

This study contributes new information regarding
the reliability of LSA measures in children with DLD. A
series of RMANOVAs found no Length × Group interac-
tions, suggesting the stability of LSA scores in different sam-
ple lengths did not vary as a function of group status. Had
significant interaction effects been observed, the implication
would be that determining the appropriate sample length
would depend on whether children were or were not affected
by DLD—limiting their value for diagnostic decisions when
affected status is unknown. RMANOVAs revealed signifi-
cant group differences for six of the eight LSA measures
examined: WPM, NDW, MLU, EAO, PGU, and SI. These
group differences indicated that these six measures might be
more useful than NTU or PMW when using LSA for diag-
nostic purposes since they captured robust significant differ-
ences between children with DLD and those with TL. The
large effect size for group differences in PGU (ηp

2 = .402)
indicated that this measure might be particularly advanta-
geous for identifying potential cases of DLD.

Estimates for relative reliability indicated that chil-
dren with TL and DLD ages 5–7 years produce words,
morphemes, and complex sentences at an equally stable
rate, whereas children with DLD produce different words
and errors at a more stable rate than children with TL.
This increased stability is advantageous for using short
language samples to diagnose, identify goals, and monitor
progress in children with either known or suspected DLD.
Our results for MLU replicated findings from Cole et al.
(1989) showing Pearson correlations ≥ .9 at 100 utterances
and contrast those of Casby (2011) who found Pearson
correlations ≥ .9 at 50 utterances. Differences in these
findings may be explained by differences in age ranges
and participant sample sizes. Our results for PGU repli-
cated findings from Guo et al. (2019), indicating similar
reliability estimates for play-based conversational and nar-
rative samples in children with DLD ages 5–7 years.
Estimates of absolute reliability, using CV, showed
more variability in individual scores across time cuts for chil-
dren with DLD than for children with TL. These results also
suggest that the higher estimates of relative reliability in the
DLD group for EAO and PGU may be partly inflated due
to increased variability within the DLD group compared to
the TL group. Overall, B-A plots for the DLD group
showed larger mean differences and LOA ranges than the
TL group, suggesting more variability among the DLD
group. B-A plots using LOA of ±1.00 for MLU may be
more clinically useful than ±1.96 SDs of mean differences
for determining absolute reliability. However, an allowable
range of ±1.00 for MLU may still be too wide for capturing
clinically significant increases. Perhaps, setting LOA to ±0.5
would be more appropriate. We examined the consequences
of setting the LOA at ±0.5 and found that 19 of the 21 chil-
dren in the DLD group had MLU differences within ±0.05,
suggesting a 10-min sample may be adequate for measuring
progress with MLU for most children with DLD ages 5–7 years
(see Supplemental Material S6).

Overall, our results suggest that, for children with
DLD in kindergarten and first grade, a sample of around
7 min or 70 utterances in length appears to be comparable
to a 20-min or 170-utterance sample for most measures.
For MLU, PWM, and SI, samples of 10 min or 100 utter-
ances may be needed to obtain accurate, stable measures.

Limitations

Several limitations need to be considered when eval-
uating the results of our study. Our study sample reflected
the community from which it was drawn and consisted of
5- to 7-year-old monolingual English speakers who were
predominately White and non-Hispanic. Our results may
not generalize to children of different ages or from com-
munities with different demographic characteristics. Lan-
guage samples were divided by time to allow direct com-
parisons with previous studies and to align more closely
with how clinicians plan for LSA in their sessions. How-
ever, utterance-based divisions may produce more precise
reliability estimates as our time-based cuts resulted in an
extensive range of utterances for both groups. We com-
pared cuts from within the 20-min samples to the full 20-
min samples. This method, consistent with Guo and
Eisenberg (2015), allowed us to determine whether reduc-
ing the length of a sample would result in approximately
the same values for the selected LSA measures. However,
this method also resulted in some data overlap, which
may have inflated our reliability estimates. Other studies
(Heilmann et al., 2010; Pavelko et al., 2020) have exam-
ined the reliability of nonoverlapping sections of language
samples. To examine the impact of our decision on our
obtained estimates, we calculated a follow-up split-half
reliability using the first and last 10 min of our samples.
Wilder & Redmond: Reliability of Short Language Samples 1951
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Spearman–Brown correlations ranged from −.17 to .91 for
the TL group, with lower correlations for EAO and PGU.
Correlations for the DLD group ranged from .47 to .92,
with lower values for PMW. (See Supplemental Material
S7 for a summary across LSA measures.) The split-half
reliability estimates for the DLD group, with the excep-
tion of PMW, were comparable to Spearman–Brown reli-
ability estimates for the Clinical Evaluation of Language
Fundamentals–Fifth Edition (CELF-5) subtests, which
range from .60 to .95 (Wiig et al., 2013). Therefore, our
results show that, even when using short samples, LSA
has reliability estimates comparable to the CELF-5, mak-
ing LSA a psychometrically robust option for routine
evaluation of children with suspected DLD.

We examined language samples in a play-based con-
text; consequently, our results may not apply to other
sampling contexts, including interview, narrative, exposi-
tory, and persuasive language samples. Even so, the poten-
tial influence of genre on our estimates for WPM and
NDW may be modest because our results were generally
consistent with previous estimates based on other collection
approaches. However, other measures, including the SI,
may be affected by genre as narrative and expository con-
texts elicit more complex sentences (Nippold et al., 2005,
2014, 2015), which may lead to increased stability in
shorter samples. Additional research is needed to further
quantify the effects of genre on estimates of LSA reliability.
Finally, the value of our absolute reliability estimates is
provisional for two reasons. First, there is little precedent
to determine whether our values were high relative to other
studies. Second, there are no established thresholds yet for
determining clinically appropriate differences across most
LSA measures, with the possible exception of MLU calcu-
lated using conventional methods (Brown, 1973).

Clinical Implications

Our results provide additional support for the feasi-
bility of language samples in clinical and school settings
with shorter samples and computer-assisted analysis.
Heilmann et al. (2010) estimated that a 50-utterance sam-
ple could be collected, transcribed, and analyzed using
SALT software in around 30 min. This estimate aligns
with our time spent transcribing and analyzing the sam-
ples for this study. Finestack et al. (2020) estimated
35 min for a 50-utterance sample using Computerized
Language Analysis (MacWhinney, 2000), and Pavelko
and Owens (2019) estimated 20 min for collection, tran-
scription, and SUGAR analysis. In comparison, adminis-
tration time for the CELF-5 core language subtests aver-
ages 34 min for students ages 5;0–8;11 with “variable”
additional time for scoring (Wiig et al., 2013). Thus,
assuming other factors like individual clinician proficiency
are equal, LSA may take less time than is needed to
1952 Journal of Speech, Language, and Hearing Research • Vol. 65 •
administer, score, and evaluate the CELF-5 Core Lan-
guage Index, the most commonly used omnibus standard-
ized test (Caesar & Kohler, 2009).

Future Directions

Future studies should expand the examination of
reliability associated with short language samples collected
on children with DLD to different ages and different
groups (e.g., children who are English language learners,
multilingual, or speakers of different dialects of English).
Future work should also examine relative and absolute
reliability associated with LSA measures based on other
sampling contexts, including interview, narrative, exposi-
tory, and persuasive samples. Additionally, clinically
meaningful differences need to be established for individ-
ual LSA measures before absolute reliability estimates can
be interpreted. In this study, we applied 1.0 and 0.5 for
conventional MLU and suggested that levels of agreement
within 0.5 should be used based on our analyses. Future
investigations may provide data that challenge our sugges-
tion. Finally, our research and that of others have only
addressed one aspect of the potential value of short lan-
guage samples. Besides being reliable, clinical measures
also need to demonstrate validity to be useful. Our data
show robust group differences for six LSA measures
(WPM, NDW, MLU, EAO, PGU, and SI) that demon-
strated adequate reliability levels. Future studies should
examine more closely the diagnostic accuracy of these six
measures for identifying cases of DLD.
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