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Diagnostic Accuracy of Sentence Recall
and Past Tense Measures for Identifying
Children’s Language Impairments
Sean M. Redmond,a Andrea C. Ash,a Tyler T. Christopulos,a and Theresa Pfaffa

Purpose: Measures of linguistic processing and grammatical
proficiency represent strong candidates for adaptation into
language screeners for early elementary students. One key
barrier, however, has been the lack of consensus around
the preferred reference standard for assigning affected
status. Diagnostic accuracies associated with sentence
recall and past tense marking index measures were examined
relative to 5 different reference standards of language
impairment: receipt of language services, clinically significant
levels of parental concern, low performance on language
measures, a composite requiring at least 2 of these
indicators, and a composite requiring convergence across
all indicators.
Method: One thousand sixty grade K–3 students participated
in school-based language screenings. All students who failed
the screenings and a random sampling of those who passed
were invited to participate in confirmatory assessments.
The community-based sample was supplemented by a
clinical sample of 58 students receiving services for language

impairment. Two hundred fifty-four students participated
in confirmatory testing. Examiners were naive to participants’
status.
Results: Diagnostic accuracies for the sentence recall
and past tense marking index measures varied across
the different reference standards (areas under receiver
operating characteristic curves: .67–.95). Higher levels of
convergence occurred with reference standards based
on behavioral measures. When affected status was
defined by receipt of services and/or parental ratings,
cases presented with higher levels of performance on
the language measures than when affected status was
based on behavioral criteria.
Conclusion: These results provide additional support for
the adaptation of sentence recall and past tense marking
to screen for language impairments in early elementary
students.
Supplemental Material: https://doi.org/10.23641/asha.
8285786

T

(70%–75%) of all cases of developmental language disorder
(DLD). Investigations tracking kindergarteners affected
by SLI through their compulsory education into young
adulthood suggest that the majority of affected individuals
do not “catch up” to their peers in language performance.
Language deficits present at school entry have also been
predictive of cumulative risk for later academic and socioemotional difficulties (Conti-Ramsden, 2008; Johnson
et al., 1999; Tomblin & Nippold, 2014).
Although a prevalence rate of 7%–8% suggests that
the average classroom will contain two students with a
profile characteristic of SLI, evidence available on the issue
indicates that only a minority of children with SLI will
receive services to address their limitations and that ascertainment biases within preschool and school-age services
are probably systemic. Factors shown to increase the
likelihood of receipt of school-based language services
after controlling for the severity of children’s language
impairments include male sex, White race, mothers with

he consensus across three decades of populationbased estimates is that roughly 7%–8% of children
will enter kindergarten each year with the considerable disadvantage of linguistic deficits that cannot be
attributed to concomitant sensory impairments, intellectual
limitations, motor deficits, or other neurodevelopmental
conditions (Beitchman et al., 1986; Norbury et al., 2016;
Tomblin et al., 1997). These epidemiological studies confirm further that this particular profile of idiopathic language disorder, or, as it is often referred to in the literature,
specific language impairment (SLI), represents the majority
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postsecondary education, and the presence of concomitant
conditions such as speech sound disorder and attentiondeficit/hyperactivity disorder (ADHD; Morgan et al., 2015,
2016; Sciberras et al., 2014; Wittke & Spaulding, 2018;
Zhang & Tomblin, 2000). Increasing identification rates
of children from different backgrounds without concomitant conditions will likely require adoption of school-based
screeners targeting language impairments. Using emergent
literacy, articulation, or other screeners as proxy measures
for children’s linguistic vulnerabilities appears to be inadequate. For example, Weiler, Schuele, Feldman, and Krimm
(2018) found that, within their sample of 274 kindergartners,
the majority of children who failed their language screeners
passed their articulation and emergent literacy screeners.
Despite the ongoing challenges to providing children
with SLIs and other DLDs adequate access to services they
are entitled to, the last three decades have also been associated with advances in our understating of the psycholinguistic phenotype associated with SLI. By focusing efforts on
the SLI behavioral phenotype rather than on the broader
DLD phenotype, rapid progress has been made in genetic
investigations of this condition (Rice, Smith, & Gayán,
2009; Rice, Zubrick, Taylor, Hoffman, & Gayán, 2018).
Presently, the most promising pathognomonic markers of
language impairment for English-speaking students in early
elementary grades (K–3) consist of measures of linguistic
processing (e.g., nonword repetition [NWR] and sentence
recall) and grammatical proficiency. Tense marking deficits
have been shown to be particularly emblematic of affected
children’s grammatical limitations. Another reason to focus
efforts on these particular metrics over alternatives is that
they have been shown to successfully differentiate cases of
language impairment from cases of ADHD (Oram, Fine,
Okamoto, & Tannock, 1999; Parriger, 2012; Redmond,
Thompson, & Goldstein, 2011), a condition where poor
performance on individual language tasks could potentially
reflect children’s difficulties with sustained attention, distractibility, or planning rather than result from underlying
linguistic deficits.
In a meta-analysis of diagnostic accuracy studies on
these particular phenotypic markers, however, Pawlowska
(2014) identified limitations with the evidence base that
curb the translation of these markers into areas of routine
clinical practice, such as universal or targeted language
screenings. These limitations include the common practice
across diagnostic accuracy studies in this area of recruiting
affected cases exclusively from practitioner caseloads and
unaffected cases primarily through public announcements/
community bulletins. As Pawlowska pointed out, this ascertainment practice can lead to a spectrum bias in study
samples resulting in overestimations of diagnostic accuracy
because only the most severe/complex cases of language
impairment have been compared to the most robust cases
of average/above-average language ability. Borderline cases
and cases that represent profiles of spared language abilities within the context of other clinical conditions (e.g.,
individuals who have age-appropriate language skills but
who have autism, ADHD, or low nonverbal skills) have

been effectively filtered out of consideration. Another significant weakness has been the limited use of blinding procedures where examiners are naive to children’s clinical
status. Adoption of more rigorous designs that incorporate
blinding procedures and recruit participants from a common source irrespective of their language status would address these limitations (Pawlowska, 2014).
The adaptation of clinical markers into either universal
or targeted screeners for language impairments will eventually require consideration of additional obstacles to their
implementation. For example, protocols should ideally be
brief and port easily into school and other clinical settings
in order to scale into mass screenings. They should also
strive to minimize burdens on available resources. This includes the amount of personnel training required to administer and score these metrics to proficiency. Protocols should
also demonstrate enough temporal stability to accommodate
for potentially extended waiting periods between the screenings for language impairments and when follow-up confirmatory assessments and determinations of eligibility can
take place.
One key barrier to advancing phenotypically aligned
screening protocols for the routine identification of language
impairments though has been the lack of an agreed-upon
reference standard for affected status. What constitutes
proof of children’s language impairment status? Variation
in how language impairment status is confirmed across
diagnostic accuracy studies makes synthesis challenging
(Pawlowska, 2014). It is difficult to arrive at conclusions regarding the relative strengths of different clinical markers
when they have been directed at different reference targets.
Furthermore, whether these distinctions make a difference
is unclear. The extent to which the accuracy of clinical
markers and their cutoffs varies as a function of different
reference standards of language impairment has not been
systematically examined within the same study sample.
Reference standards of language impairment used in
diagnostic accuracy studies frequently consist of composite
test scores taken from well-regarded omnibus standardized language tests such as the Clinical Evaluation of Language Fundamentals–Fourth Edition (CELF-4; Semel,
Wiig, & Secord, 2003) or the Test of Language Development–Primary: Fourth Edition (Newcomer & Hammill,
2008). Sometimes, investigators rely on conventional cutoffs (e.g., 1.0 or 1.25 SDs below the mean) to assign performance thresholds for both their reference standard and
their index measures (Archibald & Joanisse, 2009; Bedore
& Leonard, 1998; Jones Moyle, Karasinski, Ellis Weismer,
& Gorman, 2011). Other times, performance thresholds on
the index measures have been optimized against their reference standard targets using Youden’s J statistic or other
metrics derived from receiver operating characteristic (ROC)
curve analyses (Greensdale, Plante, & Vance, 2009; Poll,
Betz, & Miller, 2010; Redmond et al., 2011). Some studies
have utilized more flexible criteria, placing children into the
language impairment group on the basis of poor performance
across two or more individual subtests, or have added other
clinical measures into their formulas (e.g., Ellis Weismer
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et al., 2000; Poll et al., 2010). This approach allows for
more heterogeneity in the scope and severity of children’s presenting language symptoms, and rather than interpreted
as potentially problematic, it has often been considered a
strength because it aligns with widely endorsed views that individuals affected by language impairments constitute a highly
heterogeneous group (e.g., Bishop, Snowling, Thompson,
Greenhalgh, & CATALISE Consortium, 2016).
Using receipt of services as the benchmark for evaluating the screening potential of clinical markers provides
an alternative to relying on standardized test performance
(e.g., Conti-Ramsden, Botting, & Faragher, 2001; Dollaghan
& Campbell, 1998) that has the distinct advantage of aligning with linguistic—as well as nonlinguistic—symptoms
that teachers and other referral sources find worrying. Receipt of services criteria represents one way of recognizing
the contributions of social values to the perceived urgency
of addressing different clinical symptoms (see Tomblin,
2006). However, as the results of Morgan et al. (2015, 2016),
Sciberras et al. (2014), Wittke and Spaulding (2018), and
Zhang and Tomblin (2000) demonstrate, receipt of services
appears to be associated with troublesome inequalities in
access. Reproducibility and generalizability of receipt of
services as the standard for language impairment status is
limited further by the presence of variability in diagnostic
and eligibility criteria across clinical settings. Even when
clinical judgments are made in the same setting by the same
practitioners, they are also not necessarily stable over time
due to disruptive realignments brought in by changing federal, state, local, and health care mandates.
Parental reports of general concerns about their children’s communicative competence represent another diagnostic target that shares with the receipt of services reference
standard the advantage of being derived from functional
deficits. Furthermore, parents are uniquely positioned to
view the adaptability of their children’s communication skills
across a variety of settings. Standardized rating protocols
for parental concerns are available (e.g., Bishop, 2006), offering a balance between age-referenced criteria and recognition of clinically important variation across individuals in
the translation of their underlying linguistic vulnerabilities
into functional limitations. The results of Sciberras et al.
(2014), however, encourage some caution with relying on
parental ratings exclusively to identify children at risk for
language impairment. In that study, parents of children
with language impairments and concomitant ADHD were
much more likely to initiate speech and language evaluations than parents of children with SLI, even though the
levels of language impairment were comparable between
these two groups.
Combining different reference standards of language
impairment represents a sensible accommodation. For example, assignment of language impairment status for the
purposes of evaluating clinical markers could require consistency among at least two different sources of evidence
(multiple standardized tests/subtests, parental report, or receipt of services). Convergence across a minimum of two
language measures represents a common eligibility criterion
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in clinical settings, although in practice the selections of specific measures and their cutoffs are usually left to individual
practitioner judgment and influenced by the availability of
resources. The chief drawback, however, to combining different reference standards is the potential unintended consequence of compounding error rather than reducing it as
multiple measurements are brought into the decision process.
The well-known problem of familywise error rates brought
in when multiple statistical comparisons are applied to experimental data has an analog in the clinical context when
multiple clinical metrics with various psychometric properties are applied to diagnostic decisions. Furthermore, the
preferred process for resolving divergent results when they
inevitably happen is unclear. Even if there were an accepted
process, its implementation would likely vary considerably
across practitioners and settings. Finally, there is an untested
assumption that different sources of information about children’s language impairment status should be given equal
weight in clinical decision making. It is more likely the case
that some sources of information provide more diagnostically relevant information than others.
A more stringent composite-based standard for the
evaluation of language screeners would be the assignment
of language impairment status to only those cases within
the study sample where multiple behavioral measures coincide with both parental concerns and with children’s service
status. To increase confidence that only cases with unambiguous language impairment will be identified, we could
also set more stringent standard score cutoffs. We would
expect, relative to the other reference standards under consideration, significantly fewer children would qualify as affected by this operational definition. As a result, the value
of screening measures designed around this reference standard
for identifying children with less severe symptoms, who are
nonetheless genuinely at risk for poor academic and social
outcomes, would be compromised. Although perhaps too
inflexible to serve as the basis for research studies of SLI
and other DLDs, this presumably unequivocal version of
language impairment represents an important benchmark
for considering the relative tradeoffs associated with adopting different phenotypic markers.
The impact of multiple reference standards on estimates
of diagnostic accuracies of clinical markers to identify children at risk for language impairments has been relatively
unexplored. Convergence, where a clinical marker’s observed
consistency across different standards turns out to be so
high that, in practice, it would not matter much which
cutoffs were used, is desired but probably unlikely. Discrepancies between standardized, evidence-based criteria for
language impairment and language impairments identified
through clinician judgment and/or conventional eligibility
guidelines have been reported in other aspects of practice.
For example, Schmitt, Justice, Logan, Schatschneider, and
Bartlett (2014) examined levels of alignment between Individualized Education Program treatment goals of 99 students receiving services for language impairments and their
performance on norm-referenced measures of grammar,
vocabulary, listening comprehension, and literacy skills.
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These investigators found very limited alignment between
objective measures of students’ linguistic symptoms (e.g.,
standard vocabulary and grammar scores) and whether
these areas received intervention. Similarly, Greensdale et al.
(2009) found that using an empirically validated but potentially more generous cutoff standard score of 87 maximized
classification accuracy of their preschool cases of SLI from
cases of typical development for the Structured Photographic Expressive Language Test–Preschool: Second Edition.
Greensdale et al. used as their reference for assigning language
impairment status a convergence between receipt of services and standardized language testing.
In the current study, we examined accuracy levels of
sentence recall and past tense marking indices when they
were directed at five different methods for assigning affected
status: (a) receipt of school-based and/or other language
services, (b) standardized parental ratings of general communicative competence using two different composite cutoff standard scores (85 and 80), (c) language measures using
two different cutoff standard scores (85 and 80), (d) a broadbased composite requiring consistency across at least two
indicators using a standard score cutoff of 85, and (e) a restrictive composite requiring consistency across all indicators
and using the more conservative threshold of 80 or lower.
The selection of the specific index measures used in
the current study (Redmond, 2005; Rice & Wexler, 2001)
was guided by the outcomes of Archibald and Joanisse
(2009) and Redmond et al. (2011). Archibald and Joanisse
reported that the sentence recall measure used in Redmond
(2005) was more effective at identifying cases of language
impairment (viz. CELF-4 Core Language standard scores
thresholds at either 85 or 80) in a community ascertained
sample of 400 grade K–3 students than an NWR task.
Redmond et al. found further that, as a set, the Redmond
sentence recall task and the screening test score from the
Rice and Wexler (2001) Test of Early Grammatical Impairment (TEGI; consisting of the instrument’s past tense
and third-person singular probes) were as effective as a
longer test battery at differentiating known cases of SLI
from cases of typical development and from cases of ADHD
that included Dollaghan and Campbell’s (1998) NWR task
and the Test of Narrative Language (Gillam & Pearson,
2004). Redmond et al. reported that, on average, administration of the past tense and regular third-person singular
present tense probes required 9.5 min and the sentence recall measure required 3.5 min, suggesting their suitability as
either universal or targeted screening instruments. Because
we observed a high level of consistency within the Redmond
et al. study sample in children’s performances across the past
tense and regular third-person singular present tense probes,
we elected to focus on the past tense probe in the current
study in the interest of further reducing administration time.
In Redmond et al. (2011), children with SLI were recruited through practitioner caseloads, which introduced
the possibility of spectrum and other ascertainment biases,
limiting the potential value of accuracy estimates to universal
or targeted screenings. Because our focus in that study was
on the issue of differential diagnosis of SLI and ADHD, we

excluded cases of co-occurring language impairments and
ADHD. We also excluded other types of DLD that would
not have met criteria for SLI and children from other clinical groups with spared language abilities. The impact of the
results of Redmond et al. was limited further by the absence
of blinded evaluations (cf. Pawlowska, 2014). In the current
study, we addressed these limitations. Cases of language
impairment and typical language ability were drawn from
both community-based (n = 1,060) and clinical (n = 58) samples of grade K–3 students. By combining samples drawn
from both sources, we ensured that our study sample would
include cases of language impairment with and without
concomitant clinical conditions. By extending our community recruitment to include children receiving services
for autism, ADHD, emotional/behavioral disorders, reading
deficits, and other learning disabilities, we further ensured
that cases of undiagnosed/misdiagnosed language impairments and cases of spared language abilities would also be
included in our catchment. Separate teams of examiners
administered our screening protocols and conducted the
confirmatory assessments. All examiners were naive to
children’s clinical status.

Research Questions
To examine further the potential for sentence recall
and past tense marking to screen for SLI and other DLDs,
we addressed the following questions:
1.

How do estimates of diagnostic accuracy of sentence
recall and past tense marking index measures vary as
a function of being directed at different reference
standards for language impairment?

2.

How consistent are the optimized cutoff values for
sentence recall and past tense marking index measures
across different reference standards for language
impairment?

3.

Are symptom severity levels associated with different reference standards of language impairment
comparable?

Method
Recruitment Flow Into the Community, Normative,
Clinical, and Combined Study Samples
Participants were recruited into this study from both
community-based and clinical sources starting in the fall of
2011 and ending in Spring 2015. Confirmatory testing data
from participants recruited through these two sources were
then pooled into a combined sample to address our research
questions (see Figure 1). The community sample was recruited through classroom notices sent home to children’s
parents asking them to indicate their permission to allow
their children to participate in a school-sponsored language
screening. During the first year of the study, children were
recruited from six schools in the Salt Lake City School
District that had been chosen by district personnel to provide
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Figure 1. Recruitment flow into the community, normative, clinical,
and combined study samples. ELL = English language learner.

the study with what they considered a representative catchment population for their district. An additional four
schools and two school districts were added over the subsequent 3 years of data collection (school details are presented in Supplemental Material S1). Recruitment into
language screenings was consecutive such that third graders
were recruited into the study during the first year of data
collection and each successive year of the project focused
on an earlier grade eventually concluding with kindergarten.
Over the 4 years of data collection, 2,907 flyers were distributed to families of children in grades K–3. Permission
to administer the screening protocol was obtained from
1,184 parents. All children who had returned a consent
form indicating parental permission to participate, who were
in attendance at the day of the screening, and who had
provided examiners with their assent were included in the
community sample (n = 1,060; see Figure 1).
A subset of screening data collected on the community
sample was used to create the normative sample (n = 782).
The normative sample consisted of students who, according
to educational records provided by school personnel, were
not identified as an English language learner/limited English
proficiency; were not receiving special education, remedial,
or other support services at the time of the screenings (e.g.,
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resource, reading support, speech-language); and were not
participating in a district-provided gifted and talented program. Data were also excluded from those children whose
date of birth or service status was unavailable. Data from
children in the normative sample were used to create provisional age-referenced cutoff scores to identify children in
the community sample who were performing significantly
lower than their peers on the index measures. As demonstrated by Peña, Spaulding, and Plante (2006), when the
goal is to identify potential cases of language impairment in
children with unknown status, normative samples consisting exclusively of children who are not receiving clinical
services are strongly preferred over samples that include
clinical cases. The logic of working toward the construction
of norms based on a “normal” range of performance would
apply in the other direction as well, and this motivated our
restriction of students enrolled in talented and gifted educational programs. Raw score conversions of the sentence recall and past tense measures into age-referenced standard
scores and percentiles using the normative sample are available in Supplemental Material S2.
Two provisional screening criteria were created, one
requiring age-referenced performance at the 10th percentile
or lower on at least one of the two screening measures and
the other requiring performance at the 15th percentile or
lower on both screening measures. Formulating our provisional criteria in this way allowed us to recruit cases of
both low/low-average and average/above-average performance and minimize threats of spectrum bias. The provisional
thresholds do not, however, correspond to the optimized
cutoffs associated with our index measures and the different
reference standards we eventually vetted through ROC curve
analyses using the Youden J index. These are presented later
in this report. Once provisional cutoff scores for our index
measures were established, participants were recruited for
confirmatory testing during the second phase of the study.
Participants for the confirmatory testing phase of the
study were recruited from a subset (n = 897) of the community sample. Children were not recruited into confirmatory
testing sessions if they had been identified as receiving
English language learner/limited English proficiency services.
Children were recruited, however, regardless of special
education/resource services, neurodevelopmental diagnoses,
or psychiatric diagnoses. In cases of siblings recruited over
the course of the project (including seven twinships), we
randomly selected one child from each family to participate.
All participants in the community sample who met these
criteria and who performed below our provisional language
screening criteria (n = 233) were invited to participate in
the confirmatory testing phase of the study. Children in the
community sample who performed at or above our criteria
(n = 647) were assigned a random number (Haahr, 2006).
A lottery system was used to invite participants who passed
the screening or who were absent during the school screenings
to participate in confirmatory testing. Those with smaller
lottery numbers were contacted first (e.g., 5 before 14). We
attempted to contact a total of 549 families from the community sample. Of the 549 families, 226 scheduled appointments
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to participate in the confirmatory testing, 179 families were
unreachable (did not answer their phone or their phone
number was no longer in service), 109 families expressed
initial interest in the study but did not follow-through, and
19 declined participation. Of the 19 participants whose families elected to participate in the screening portion of the
study but then declined to participate in confirmatory testing, eight were male. Six of these 19 screening participants
were receiving school services at the time of the study (two
speech-language services only, two reading services only,
and four speech-language and reading services).
To increase the representation of cases of language
impairment (and potential cases of misdiagnoses) in our
analyses, the community sample was supplemented by a
clinical sample (n = 58; see Figure 1). Recruitment for the
clinical sample was accomplished by targeting practitioner
caseloads within school districts that were different than
the one associated with the community sample. We also
recruited through referrals from the University of Utah
Speech-Language and Hearing Clinic. Speech-language pathologists from these settings were asked to distribute recruitment flyers to families of children on their caseloads
being treated for language impairments over the 4 years of
data collection. Adding cases recruited from the clinical
sample to those successfully recruited from the community
sample yielded the combined sample (n = 251; see Figure 1).
Roughly a 2:1 ratio of students who performed above our
provisional cutoffs to students who performed below completed confirmatory testing.
Demographic and educational service characteristics
associated with the community, normative, clinical, and
combined samples are presented in Table 1. On average,
participants in the community and normative samples
tended to be younger than those in the clinical and combined
samples (7;0 compared to 7;6 [years;months]). Relatively
balanced sex ratios were associated with community and
normative samples, whereas the clinical and combined samples skewed toward higher representations of males. Relatively higher levels of representation of participants from
low-income backgrounds were found in the community and
normative samples than in the clinical and combined samples.
This comparison, however, was complicated by the use of
different metrics to estimate prevalence of low-income status
(school level vs. individual familial census tract).

Measures
Index Measures
Screenings took place at children’s schools in the libraries, gymnasiums, workrooms, and other spaces that were
made available to the project. Multiple children were tested
individually and simultaneously in these shared spaces by
teams of two to seven examiners. Examiners were graduate
and undergraduate students in the University of Utah Department of Communication Sciences and Disorders. The
number of children participating in a given screening session varied from 10 to 65. Based on the volume of children
being screened, sessions required 60–150 min of school time.

Each individual’s participation in the screening lasted between 15 and 25 min, based upon the length of time to walk
from their classroom to the screening, complete the assent
process, participate in the two screening measures, and then
return to their classroom. Children’s responses during the
screenings were recorded on protocol forms by examiners
and were also audio-recorded. These recordings were used
by examiners to check their scoring accuracy after the screening sessions and adjust their initial scores if necessary. Recordings of children’s responses were also used to estimate
interrater reliability.
Sentence recall. Recordings of an adult female speaker
presenting the stimuli from Redmond (2005) were administered to children during screenings via headphones attached
to an MP3 player, and their responses were recorded by
the examiner using digital audio recorders. Children were
instructed by the speaker on the audio file to repeat exactly
the sentences they heard (“Listen. I am going to say some
sentences. After I have finished, I want you to say exactly
what I have said. Say the same thing. Let’s try a sentence”).
The sentence set consisted of eight simple active declarative
sentences and eight simple passive declarative sentences
matched for word length (nine to 12 words). Following the
scoring conventions of Archibald and Joanisse (2009), sentences received a score of 0 ( four or more errors), 1 (three
or fewer errors), or 2 (no errors). The maximum score is 32.
Children’s raw scores were transformed into z scores and
then standard scores [(z * 15) + 100] using the means and
standard deviations provided by the normative sample for
different age bands.
Past tense marking. The past tense probe from the
TEGI (Rice & Wexler, 2001) was included in our screening
protocol. During administration of the past tense probe,
children are shown two pictures where a human agent is
depicted first engaging in an action (e.g., a boy painting a
fence) followed by a scene indicating the agent’s action had
been completed (a boy standing next to a painted fence).
The child’s attention is directed to the second scene, and
they are instructed to tell the examiner what the human
agent did. The protocol consists of 10 high-frequency regular verbs and eight high-frequency irregular verbs. The past
tense probe summary score is a percentage based on the
total number of correctly produced regular, irregular, and
overregularized irregular verbs divided by the total number
of responses containing an obligatory context. One consequence of basing children’s past tense probe scores on productions providing obligatory contexts rather than on whether
they provided an expected response is that a score of zero
does not mean children were unable to complete the probe
or were providing unscorable responses. Unscorable responses (e.g., “I don’t know,” “He was painting,” “I like
this guy’s shoes,” or incomplete sentences) are completely
removed from the calculation of the past tense probe summary score. Instead, a zero score indicates that, each time
the child responded with a sentence containing a verb in a
finite sentence site during the protocol, they provided a nonfinite form (e.g., “The boy paint a fence”). This design feature along with the requirement that a valid administration
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Table 1. Demographic characteristics of community, normative, clinical, and combined study samples.
Sample
Community sample

Normative sample

Clinical sample

Combined sample

N

Age (years;months)

% Male

Ethnicity/racea

Low income

1,060

M = 7;1
SD = 1;0 (5;0–9;7)

51.8

32.18%c

ELL = 70
Gifted = 70
Speech = 31
Other = 66
Not provided = 18

782

M = 7;0
SD = 1;1 (5;0–9;4)

52.0

28.90%c

ELL = 0
Gifted = 0
Speech = 0
Other = 0
Not provided = 0

58

M = 7;5
SD = 1;3 (5;1–9;9)

67.3

25.16%d

ELL = 0
Gifted = 0
Speech = 48
Other = 24
Not provided = 0

251

M = 7;6
SD = 1;2 (5;1–9;9)

61.0

Hispanic = 9.7%
Am Ind = 1.6%
Asian = 4.2%
Black = 2.5%
Pac Isl. = 1.3%
White = 89.2%
Missing = 1.2%
Hispanic = 6.0%
Am Ind = 1.2%
Asian = 3.6%
Black = 2.3%
Pac Isl. = 1.4%
White = 91.0%
Missing = 0.5%
Hispanic = 6.9%
Am Ind = 0%
Asian = 3.4%
Black = 6.9%
Pac Isl. = 0%
White = 89.7%
Missing = 0%
Hispanic = 5.9%
Am Ind = 0.8%
Asian = 4.3%
Black = 4.3%
Pac Isl. = 1.6%
White = 87.4%
Missing = 1.6%

21.62%d

ELL = 0
Gifted = 0
Speech = 86
Other = 53
Not provided = 0

Educational servicesb

Note. Ethnicity was categorized as Hispanic or not Hispanic; racial categories included American Indian (Am Ind)/Alaskan, Asian, African
American/Black, Pacific Islander (Pac Isl.)/Hawaiian Native, and White. ELL = English language learner.
a

Percentage of parents who elected not to provide racial/ethnic category information across different samples ranged from 0% to 1.6%.
Some students were receiving more than one educational service. cWeighted based upon the number of participants from each school and
the percent low income from the individual schools. dPercentage of families in poverty based upon census tract.

b

of the past tense probe requires demonstration that children consistently produce –s, –z, –t, and –d in word-final
positions (e.g., mouse, nose, bed, boat) makes the TEGI protocol relatively unique among available standardized language tests in its level of control for confounding factors.
TEGI past tense probe summary scores are typically reported
as percentages, which provide a straightforward interpretation of children’s levels of proficiency within obligatory
contexts (e.g., a value of 75 on the past tense summary
score indicates that children provided correctly marked finite verbs 75% of the time pooled across the obligatory contexts they produced for regular and irregular past tense
verbs). However, in this study, because we needed a common metric to permit comparisons across index measures,
we also transformed children’s TEGI past tense summary
scores into age-referenced standard scores. We did this
using means and standard deviations calculated on participants in the normative sample.
Reference Standards for Language Impairment
Confirmatory testing sessions at the University of Utah
were arranged with families of children from the community
sample within 5 months of their child’s participation in the
school screenings (M = 19 weeks, range: 1–40 weeks).
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Children from the clinical sample completed both screening
and confirmatory sessions at the University of Utah. Children’s performances on measures associated with the different reference standards of language impairment and their
performances on exclusionary measures were collected during
the confirmatory sessions. The number of cases of language
impairment identified by the different reference standards
within the combined sample varied from 14 to 98 (see
Table 2).
Reference standard I: Receipt of services. School records
provided by district personnel indicating children’s receipt of
language services during the time of the study were combined with parental reports of these services received outside
the school setting to identify children within the combined
sample who met the receipt of services criteria for language
impairment. A total of 86 participants in the combined
sample met this criterion.
Reference standard II: Clinically significant levels of
parental concern. The presence of clinically significant levels
of parental concern across participants’ communication
skills was documented using the Children’s Communication Checklist–Second Edition (CCC-2; Bishop, 2006). The
CCC-2 represents one of the few age-referenced parent rating instruments available that incorporates proficiencies
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Table 2. Participants identified with language impairment from the combined sample (n = 251) as a function
of different reference standards for language impairment status.
Reference standard

Positive

Negative

86 (34.5%)

165 (65.5%)

52 (20.7%)
35 (13.9%)

199 (79.3%)
216 (86.1%)

63 (25.1%)
93 (37.1%)
91 (36.3%)
48 (19.1%)
87 (34.7%)
72 (28.7%)

188 (74.9%)
158 (62.9%)
160 (63.7%)
203 (80.9%)
164 (65.3%)
179 (71.3%)

97 (39.1%)

154 (60.9%)

14 (5.6%)

237 (94.4%)

I.
Receiving SLP services
II.

CCC-2 ≤ 85
CCC-2 ≤ 80
III.
CELF-4 ≤ 85
TEGI ≤ 85
NWR ≤ 85
CELF-4 ≤ 80
TEGI ≤ 80
NWR ≤ 80
IV.
At least two of the following:
Receiving SLP services, CELF ≤ 85,
TEGI ≤ 85, NWR ≤ 85, CCC-2 ≤ 85
V.
All of the following:
Receiving SLP services, CCC-2 ≤ 80,
CELF ≤ 80, TEGI ≤ 80, NWR ≤ 80

Note. SLP = speech-language pathology; CCC-2 = Children’s Communication Checklist–Second Edition;
CELF-4 = Clinical Evaluation of Language Fundamentals–Fourth Edition; TEGI = Test of Early Grammatical
Impairment; NWR = Dollaghan and Campbell’s (1998) nonword repetition task.

across multiple language domains. General Communication
Composite standard scores were calculated for each participant in the combined sample following procedures
presented in the CCC-2 manual. The General Communication Composite represents the standardization of the summed
scale scores across the Speech, Semantics, Coherence, Initiation, Scripted Language, Context, and Nonverbal Communication subscales. It does not include the Social Relations
and Interests subscales designed to target potential symptoms of autism. Fifty-two combined sample participants
met the 85 standard score threshold, and 35 met the 80
standard score threshold.
Reference standard III: Behavioral tests and measures.
Three behavioral measures of children’s linguistic proficiencies
were collected during confirmatory testing (the CELF-4, the
TEGI, and Dollaghan and Campbell’s [1998] NWR task).
The CELF-4 has demonstrated strong psychometric
properties (Spaulding, Plante, & Farinella, 2006) and has
been used as the reference standard in several diagnostic
accuracy studies (Pawlowska, 2014), allowing for direct
comparisons between results obtained with our study sample and those from previous investigations. The CELF-4
also represents one of the most frequently used omnibus
language tests in clinical practice (Betz, Eickhoff, & Sullivan,
2013; Finestack & Satterlund, 2018). Subtests associated
with the instrument’s Core Language score were administered to each participant in the combined sample according
to their age. Core Language standard scores were calculated
according to procedures presented in the CELF-4 manual.
Sixty-three participants in the combined sample met the
CELF-4 Core Language 85 standard score threshold, and
48 met the 80 standard score threshold.

The TEGI consists of four elicitation probes targeting
children’s productions of English finite forms (third-person
singular present tense, past tense, auxiliary and copula BE,
auxiliary and main verb DO) in simple declarative sentences
and questions. High levels of concordance between affected
and unaffected children’s productions of these forms within
spontaneous language samples and their performance on
the TEGI probes over the course of their development have
been established (Rice, Wexler, & Hershberger, 1998). This
made the TEGI a particularly attractive reference standard
to include in our evaluation given the long-standing and
widely recognized ecological validity assigned to language
sample measures (e.g., Miller, 1996). The TEGI has also
demonstrated strong psychometric properties (Spaulding
et al., 2006). Using age-referenced means and standard deviations provided in the TEGI manual, we transformed raw
score on the Elicited Grammar Composite into standard
scores for each participant in the combined sample. The
presence of extremely low TEGI scores relative to age expectations (more than 6 SDs below the mean) within the combined sample (n = 16) required us to truncate TEGI standard
scores to prevent negative standard scores. Derived standard scores less than 1 were replaced with 1. Because the
Elicited Grammar Composite, like the past tense probe
summary score, is based on the obligatory contexts children
provide, low scores do not indicate a general inability to
complete the protocol. Rather, low scores reflect children’s
elevated use of nonfinite verb forms in sentence positions
licensed for finite verb forms across a variety of grammatical targets. Ninety-three participants met the TEGI Elicited
Grammar Composite 85 standard score threshold, and
87 met the 80 standard score threshold.

Redmond et al.: Diagnostic Accuracy of Recall and Past Tense

2445

Several reports have indicated that children with language impairments frequently demonstrate weaknesses in
NWR, a task that taps into children’s working memory
capacities (Graf Estes, Evans, & Else-Quest, 2007). We
administered Dollaghan and Campbell’s (1998) NWR protocol to participants in the combined sample. Each phoneme was scored as either correct or incorrect, as outlined
by Dollaghan and Campbell. We converted children’s
percentage of total number of phonemes correct into agereferenced standard scores based upon the percentages of
132 participants within the combined sample. We applied
the same restrictions used to generate our screening norms
(i.e., typically developing monolingual English students
enrolled in regular education). NWR norms were established for 12-month increments covering ages 5;0–9;11 (see
Supplemental Material S3). Based upon these norms, 91 participants met the 85 standard score threshold and 72 met
the 80 standard score criteria.
Reference standard IV: Broad-based composite. A
heterogeneous view of underlying language impairments
and their overt symptoms motivates a reference standard
that can be met in a variety of ways. The criteria of two or
more indicators of language impairment across the service
receipt, CCC-2 at or below 85, CELF-4 at or below 85,
TEGI at or below 85, and NWR at or below 85 were applied to the combined sample. Ninety-seven children within
the combined sample presented with at least two items from
the set of five possible clinical indicators. Twenty-one of
these children met criteria on all five items, representing the
largest subgroup within the broad-based composite reference standard. Proportionally, this subgroup was followed
by a subgroup of children who met criteria on service receipt, CELF-4, TEGI, and NWR indicators (n = 12); a subgroup of children who met criteria on the CELF-4, TEGI,
and NWR (n = 10); a subgroup who met criteria on the
TEGI and NWR (n = 8); and a subgroup who met criteria
on service receipt, TEGI, and NWR (n = 5). All other
possible indicator combinations yielded four or fewer
cases. In the aggregate, profiles consisting of weaknesses
on both the TEGI and NWR measures characterized the
majority of cases captured by a reference standard for
language impairment that allowed criteria to be met in
multiple ways.
Reference standard V: Stringent composite. A restrictive view of language impairments and symptoms would
require convergence across all five indicators and would
set standard score criteria at 80 or below. When applied
to the combined sample, 14 participants met the stringent
composite criteria.
Exclusionary Measures
During confirmatory testing sessions, all potential participants were administered a hearing screening, the phonological screening subtest from the TEGI, and completed a
standardized test of their nonverbal abilities (Naglieri, 2003).
Children who failed the hearing screening (n = 2) were excluded from the combined sample. An additional participant with minimal verbal abilities was excluded from the
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study because they were unable to complete the phonological screening and the nonverbal test.
Training and Characteristics of Examiners
Prior to participating in training, examiners completed
the Human Subjects in Research training through the Collaborative Institutional Training Initiative. Examiners who
participated in the language screenings attended two 2-hr
training sessions that covered the administration and recording of the sentence recall and past tense measures. Undergraduate (n = 30) and graduate (n = 12) student volunteers,
as well as graduate research assistants (n = 18), conducted
the language screenings in the schools. All volunteers and
assistants met transcription reliability at 85% or higher
(M = 93, SD = 4, range: 85–100).
Most onsite screenings were conducted by student
volunteers with supervision by the project manager and
graduate research assistants. Graduate research assistants
completed all reference standard testing. When graduate
research assistants participated in screenings, the project
manager assigned them children they had not screened.
This ensured that graduate research assistants were naive
to the screening outcomes of the children they were testing.

Reliability
Reliability of our index measures was considered in
three different ways: interrater scoring consistency, short-term
stability, and long-term stability. Levels of interrater scoring consistency of the past tense and sentence recall screening
were calculated using 50 recordings from the community
sample. Scored responses between the initial (sentence recall: M = 22.10, SD = 6.01; past tense marking: M = 95.54,
SD = 8.31) and second (sentence recall: M = 22.18, SD =
6.02; past tense marking: M = 96.02, SD = 8.56) independent transcription and scoring were not significantly different for either measure (past tense: t(49) = −1.01, p = .32;
sentence recall: t(49) = −0.663, p = .51). Correlations indicated further high levels of interrater scoring consistency
(sentence recall: r(50) = .99, p < .001; past tense marking:
r(50) = .92, p < .001).
We also examined the stability of the index measures
across two intervals using 133 recordings from the confirmatory sample. Thirty-seven children were administered
the index measures twice within a 4-week period (M = 1.03
weeks, SD = 1 week, range: 1–4 weeks). Pearson correlations were robust: r = .95 ( p < .01) for the sentence recall
and r = .90 ( p < .01) for the past tense marking index measures. An additional 82 children were administered the index measures twice over a longer period (M = 14.01 weeks,
SD = 3.03 weeks, range: 10–20 weeks). Pearson correlations for both measures over the longer period were also robust: sentence recall, r = .86 ( p < .001); past tense, r = .86
( p < .001). Results from both time intervals indicated sufficient measurement stability for our index measures.
Twenty percent of the reference standard measure
data (n = 51) collected over the course of the confirmatory
testing sessions were rescored from video by a second
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examiner in order to calculate interrater reliability. We calculated Pearson correlation coefficients between the original testing and the second scoring for the CELF-4 (r =
.99, p < .001), NWR (r = .89, p < .001), and TEGI (r =
.99, p < .001), indicating high levels of interrater scoring
consistency for our index measures.

Analytic Approach
ROC curves were generated using SPSS v.25 to address
our research questions. ROC curves plot sensitivity (Se) as
a function of specificity (Sp) and display the discriminatory
accuracy associated with different cutoffs to classify cases
into two groups (Fluss, Faraggi, & Reiser, 2005). The area
under the ROC curve (AUC) provides an overall estimate
of an index measure’s accuracy. Swets, Dawes, and Monahan
(2000) have offered the following benchmarks for interpreting AUCs: .90–1.0, “excellent”; .80–.90, “good”; .70–.80,
“fair”; and lower than .70, “poor” (see also Carter, Pan,
Rai, & Galandiuk, 2016). Others, however, have pointed
out that these benchmarks are probably unrealistic given
the measurement complexities associated with neurodevelopmental and mental health disorders and seem to be more
appropriate for engineering and biomedical applications.
For example, Youngstrom (2014) pointed out that, for children’s mental health disorders, the best performing checklists and inventories available provide AUC estimates in
the .70–.80 range. For this reason, Youngstrom suggested
values above .70 probably provide clinically “adequate”
levels of accuracy. We used the Youden index (J) to identify optimal cutoff points on the ROC curves for both index
measures across each of the five reference standards (Youden,
1950). The Youden index (J) is defined as J = max {Se + Sp −
1}, such that a value of J = 1 would provide complete
separation of affected and unaffected groups, whereas a
J = 0 would indicate complete overlap. J represents the
value for which Se + Sp – 1 is maximized. Once the optimal cutoff points were identified, the sensitivity, specificity,
and positive and negative likelihood ratios were calculated
for each cutoff score.

Table 3. Means, standard deviations, and ranges of raw scores on
the sentence recall and past tense marking index measures for the
normative sample across different age ranges.

Age
5;0–5;5
5;6–5;11
6;0–6;5
6;6–6;11
7;0–7;5
7;6–7;11
8;0–8;5
8;6–8;11
9;0–9;5

Sentence recall

Past tense marking

n

M

SD

Range

M

SD

Range

65
92
106
141
114
81
84
73
26

16.06
16.71
19.47
21.65
21.91
23.65
25.62
25.70
26.96

7.16
6.70
7.11
5.58
7.15
5.19
4.78
4.76
2.54

0–29
0–29
1–32
0–32
1–32
7-31
8–32
10–32
22–31

90.58
90.10
91.76
94.83
94.54
95.30
97.46
97.74
99.12

15.90
15.67
13.76
7.64
10.70
7.76
5.74
3.57
2.63

0–100
19–100
13–100
43–100
19–100
50–100
67–100
88–100
89–100

Note. Redmond (2005) sentence recall and the past tense probe
from the Test of Early Grammatical Impairment.

Correlations between the index standard scores and
the standard scores for continuous language variables involved in the reference standards (CELF-4, TEGI, NWR,
and CCC-2) are presented in Table 4. All correlations were
significant at p < .001 and ranged in strength from “weak”
to “very strong” (r = .35–.82). The weakest associations
were between the CCC-2 and the index measures, and
the strongest were between the index measures and the
CELF-4 and TEGI. Given that the CELF-4 Core Language
score represents a composite that includes its own Sentence
Recall subtest and that the past tense marking index measure
we used represents one of the probes on the TEGI, the observation of strong associations between sentence recall and
CELF-4 and between past tense marking and the TEGI
was probably not that surprising. What was not necessarily
expected, however, was the observed strength of the associations between past tense marking and the CELF-4 (r = .68)
and between sentence recall and the TEGI (r = .73).
Table 5 provides the AUCs, optimal cutoffs, sensitivity values, specificity values, positive likelihood ratios, and
negative likelihood ratios for the sentence recall index
Table 4. Intercorrelations between the index measures and the
behavioral measures (combined sample n = 251).

Results
Complete data were available for the index and reference standard measures on all children in the combined
sample. No adverse events occurred during screening or
confirmatory testing sessions.
The means, standard deviations, and ranges of raw
scores from children on the index measures from the normative sample are provided in Table 3. The normative sample was divided into nine age bands based upon 6-month
intervals (range: 5;0–9;5). Raw score means and standard
deviations for each age band were used to create z scores
and calculate individual standard scores for each index
measure. The standard score conversion tables for the sentence recall and past tense marking index measures are provided in Supplemental Material S1.

Measurea
1. Past tense marking
2. Sentence recall
3. CELF-4
4. TEGI
5. NWR
6. CCC-2

1

2

3

4

5

6

—
.63
.68
.82
.57
.35

—
.84
.73
.73
.45

—
.75
.75
.48

—
.69
.40

—
.38

—

Note. Past tense marking = past tense probe from the TEGI;
Sentence recall = sentence recall task from Redmond (2005); CELF-4 =
Clinical Evaluation of Language Fundamentals–Fourth Edition; TEGI =
Test of Early Grammatical Impairment; NWR = Dollaghan and
Campbell’s (1998) nonword repetition task; CCC-2 = Children’s
Communication Checklist–Second Edition.
a
All coefficients are significant at p < .001.

Redmond et al.: Diagnostic Accuracy of Recall and Past Tense

2447

Table 5. Diagnostic accuracy of the sentence recall index measure as a function of different reference standards.

Reference standard
I. Receiving SLP services
II. Parental ratings
CCC-2 ≤ 85
CCC-2 ≤ 80
III. Standardized tests and measures
CELF-4 ≤ 85
TEGI ≤ 85
NWR ≤ 85
CELF-4 ≤ 80
TEGI ≤ 80
NWR ≤ 80
IV. At least two of the following:
Receiving SLP services, CCC-2 ≤ 85,
CELF ≤ 85, TEGI ≤ 85, NWR ≤ 85
V. All of the following:
Receiving SLP services, CCC-2 ≤ 80,
CELF ≤ 80, TEGI ≤ 80, NWR ≤ 80

Area under
the curvea

Optimal
cutoffb

Sensitivity

Specificity

Positive
likelihood ratioc

Negative
likelihood ratiod

.722

91.50

.667

.733

2.50

.454

.773
.761

94.50
93.00

.792
.800

.643
.641

2.21
2.22

.323
.312

.952
.851
.872
.950
.865
.870

85.50
93.00
94.50
78.50
93.00
93.00

.891
.766
.826
.878
.795
.849

.846
.785
.769
.887
.780
.754

5.78
3.56
3.57
7.77
3.61
3.45

.129
.298
.226
.138
.263
.200

.905

94.50

.857

.812

4.55

.176

.898

85.50

.700

3.33

1.0

0

Note. SLP = speech-language pathology; CCC-2 = Children’s Communication Checklist–Second Edition; CELF-4 = Clinical Evaluation of
Language Fundamentals–Fourth Edition; TEGI = Test of Early Grammatical Impairment; NWR = Dollaghan and Campbell’s (1998) nonword
repetition task.
a
All areas under the receiver operating characteristic curve were significant at p < .001. bDetermined using Youden index ( J) where J = maximum
{Sensitivity + Specificity − 1} cPositive likelihood ratio = Sensitivity / (1 − Specificity): values of 1 = “neutral,” 3 = “moderately positive,” ≥ 10 = “very
positive.” dNegative likelihood ratio = (1 − Sensitivity) / Specificity: values of 1 = “neutral,” ≤ 0.30 = “moderately negative,” ≤ 0.10 = “extremely
negative.”

measure across the five reference standards. AUCs for sentence recall and the various reference standards were all
statistically significant at p < .001. AUCs ranged from .72
to .95, indicating “fair” to “excellent” levels of diagnostic
accuracy across the different reference standards, using
stringent benchmarks. Following Youngstrom’s suggestion,
these values would all be characterized as “adequate” for
clinical use. The different reference standards, however, were
associated with a wide range of optimal cutoff standard scores
(79–95), suggesting only modest levels of consistency. This
implies that diagnostic accuracy for a given cutoff score on
the sentence recall index measure was, to a large extent, a
function of the kind of language impairment being targeted.
Table 6 provides the AUCs, optimal cutoffs, sensitivity values, specificity values, positive likelihood ratios, and
negative likelihood ratios for the past tense marking index
measure across the five reference standards. AUCs for past
tense marking were all statistically significant at p < .001
and ranged from .67 to .91, indicating “fair” to “excellent”
levels of diagnostic accuracy across the different reference
standards. With the exception of the receiving services reference standard, these values would all be characterized as
“adequate” for clinical use. A smaller range of optimal
cutoff scores was observed for the past tense marking index
measure (89–97), suggesting that cutoff standard scores on
the past tense marking index measure across the different
reference standards were more consistent than those on the
sentence recall. This was likely a consequence of the relatively
sharper peak of the frequency distribution curve (kurtosis)
associated with children’s performances on the past tense
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measure across the different age bands (past tense kurtosis
range: 0.365–23.88, sentence recall kurtosis range: –846 to
0.209). The frequency distribution of our past tense marking
index measure reflects a well-established empirical finding
regarding the status of tense marking as a potential clinical
marker for SLI. For typically developing school-age children, reports consistently document the presence of very
little variability in their capacities to provide finite verbs,
and deviations from mastery levels of performance are generally not expected. In contrast, substantial variability in
finite verb use has been associated with study samples of
SLI and, in some cases, well into adolescence and beyond
(see Ash & Redmond, 2014, for a review). This creates a
situation where the presence of finiteness marking deficits
in school-age children appears to be sufficient to assign language impairment status, but it is not always necessary.
This is particularly true for older affected children where
many consistently use finite verb forms correctly in conversation and during elicitation tasks but continue to meet experimental criteria for SLI (Rice et al., 1998). The presence
of co-occurring low nonverbal ability (i.e., “nonspecific language impairment”) in children with DLD has been associated with slower, more linear growth in finite verb marking
(Rice, Tomblin, Hoffman, Richman, & Marquis, 2004).
Table 7 provides means, standard deviations, and
ranges for participants’ standard scores on the CCC-2,
CELF-4, TEGI, and NWR measures segregated into affected and unaffected as defined by each of the five reference standards. One way of examining convergence across
different reference standards is to consider whether severity
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Table 6. Diagnostic accuracy of the past tense marking index measure as a function of different reference standards.

Reference standard
I. Receiving SLP services
II. Parental ratings
CCC-2 ≤ 85
CCC-2 ≤ 80
III. Standardized tests and measures
CELF-4 ≤ 85
TEGI ≤ 85
NWR ≤ 85
CELF-4 ≤ 80
TEGI ≤ 80
NWR ≤ 80
IV. At least two of the following:
Receiving SLP services, CCC-2 ≤ 85,
CELF ≤ 85, TEGI ≤ 85, NWR ≤ 85
V. All of the following:
Receiving SLP services, CCC-2 ≤ 80,
CELF ≤ 80, TEGI ≤ 80, NWR ≤ 80

Area under
the curvea

Optimal
cutoff b

Sensitivity

Specificity

Positive
likelihood ratioc

Negative
likelihood ratiod

.671

95.50

.529

.776

2.36

.607

.752
.736

89.00
89.00

.585
.657

.829
.806

3.42
3.39

.501
.426

.840
.855
.757
.855
.843
.736

92.50
96.50
96.50
92.50
96.50
96.50

.750
.713
.652
.796
.716
.658

.835
.880
.837
.803
.860
.788

4.55
5.94
4.00
4.04
5.11
3.10

.299
.326
.416
.254
.330
.434

.803

96.50

.684

.877

5.56

.360

.909

89.00

.789

4.74

1.0

0

Note. SLP = speech-language pathology; CCC-2 = Children’s Communication Checklist–Second Edition; CELF-4 = Clinical Evaluation of
Language Fundamentals–Fourth Edition; TEGI = Test of Early Grammatical Impairment; NWR = Dollaghan and Campbell’s (1998) nonword
repetition task.
a
All areas under the receiver operating characteristic curve were significant at p < .001. bDetermined using Youden index ( J ) where J = maximum
{Sensitivity + Specificity − 1} cPositive likelihood ratio = Sensitivity / (1 − Specificity): values of 1 = “neutral,” 3 = “moderately positive,” ≥ 10 =
“very positive.” dNegative likelihood ratio = (1 − Sensitivity) / Specificity: values of 1 = “neutral,” ≤ 0.30 = “moderately negative,” ≤ 0.10 =
“extremely negative.”

levels captured by different reference standards align with
each other. As indicated in Table 7, affected group mean
standard scores on the CCC-2, CELF-4, TEGI, and NWR
measures for Reference Standard V (stringent composite)
were consistently lower than the other reference standards.
This outcome was expected and represents a function of
the more restrictive criteria associated with this reference
standard. Means for the affected groups based on Reference Standards I (service receipt) and II (parental ratings)
across the behavioral measures were similar to each other.
Means for these two reference standards also tended to be
higher than those associated with the other reference standards. In other words, identifying children as having a
language impairment on the basis of either their service
status or the levels of parental concern yielded a group of
children with less severe behavioral symptoms than cases
based on behavioral criteria.
Even though there was considerable overlap in cases
identified as affected by the different reference standards,
there were some cases that were only identified by one of
the reference standards. Of those receiving speech-language
pathology services, 22% (n = 19) were only identified by
this reference standard. Approximately 15% (14.28%–
15.27%) of the participants who scored either below 80
or 85 on the TEGI (SS ≤ 85 = 14, SS ≤ 80 = 13) and the
NWR (SS ≤ 85 = 16, SS ≤ 80 = 11) were only identified
as affected by these reference standards. For the parental
judgment reference standard, 11.53% (SS ≤ 85 = 6) and
8.57% (SS ≤ 80 = 3) were identified as affected by only their
CCC-2 scores. In contrast, the CELF-4 reference standard

demonstrated the highest level of overlap with the other
reference standards. Only 3.17% (SS ≤ 85 = 2) and 2.08%
(SS ≤ 80 = 1) were identified as affected by their CELF-4
scores only.

Discussion
In a community-based sample of early elementary
monolingual English-speaking students that had been supplemented by cases gathered from an independent clinical sample, we investigated the extent to which sentence recall and
past tense marking indices could be used to identify children
at risk for language impairment. Because an agreed-upon
reference standard for affected language status does not presently exist, we considered diagnostic accuracy in light of five
different ways of operationally defining language impairment.
As expected, concurrent validity associated with our
index measures varied depending on how reference standards
defined “language impairment.” In other words, our data
suggest various reference standards used to estimate diagnostic accuracy are probably not interchangeable. Overall,
our index measures aligned reasonably well with those reference standards of language impairment that incorporated
behavioral measures into their criteria. AUCs associated
with the optimal cutoff scores identified for the sentence recall index measure ranged from .870 to .952 for Reference
Standards III (standardized tests and measures), IV (broadbased composite), and V (stringent composite), indicating
consistently excellent levels of diagnostic accuracy. As a
comparison, our AUC values easily exceed those associated
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Table 7. The means, standard deviations, and ranges of performance on the confirmatory language measures using Reference Standards I–V.
Receiving SLP services
Reference standard
I. Receiving SLP services (n = 86)

+
100%

−

CCC-2
+

CELF-4
−

+

TEGI
−

+

NWR
−

+

−

0%

89.17 (15.00) 103.78 (13.72) 83.51 (21.54) 101.06 (13.86) 60.28 (42.42) 94.24 (23.59) 77.80 (24.5) 97.62 (15.69)
59–130
51–132
40–126
52–132
1–117
1–124
40–118
53–130
76.77 (7.78) 104.53 (11.72) 78.79 (21.43) 99.30 (15.51) 57.89 (40.61) 89.06 (30.59) 75.23 (23.76) 94.91 (18.65)
51–85
86–132
40–118
46–132
1–114
1–124
40–123
40–130
73.43 (7.39) 102.88 (12.59) 77.69 (20.87) 97.86 (16.89) 53.67 (38.46) 87.29 (32.35) 75.04 (23.73) 87.29 (32.35)
51–80
81–132
40–115
40–132
1–110
1–124
40–118
1–124

II. Parental ratings
CCC-2 ≤ 85 (n = 52)

73.1%

24.1%

CCC-2 ≤ 80 (n = 35)

77.1%

27.3%

68.3%

22.9%

TEGI ≤ 85 (n = 93)

55.9%

21.5%

NWR ≤ 85 (n = 91)

54.9%

22.5%

CELF-4 ≤ 80 (n = 48)

68.8%

26.1%

TEGI ≤ 80 (n = 87)

58.6%

21.3%

NWR ≤ 80 (n = 72)

63.9%

22.3%

69.1%

12.3%

88.43 (14.93) 105.29 (12.46) 78.24 (17.22) 105.64 (9.98) 51.32 (36.89) 102.31 (12.54) 72.60 (19.22) 102.32 (12.93)
51–128
66–132
40–112
81–132
1–116
65–124
40–118
64–124

30.4%

72.93 (6.900) 100.30 (14.78) 58.86 (15.29) 97.19 (16.71) 25.83 (31.86) 85.96 (32.44) 56.10 (14.30) 92.89 (19.86)
51–132
40–78
40–132
1–78
1–124
40–78
40–131
59–80

III. Standardized tests and measures
CELF-4 ≤ 85 (n = 63)

IV. At least two of the following:
Receiving SLP services, CCC-2 ≤ 85,
CELF ≤ 85, TEGI ≤ 85, NWR ≤ 85
(n = 97)
V. All of the following:
Receiving SLP services, CCC-2 ≤ 80,
CELF ≤ 80, TEGI ≤ 80, NWR ≤ 80
(n = 14)

100%

86.97 (13.77)
51–125
91.89 (16.64)
51–128
91.80 (14.63)
59–128
85.96 (14.53)
51–125
91.07 (16.39)
51–128
90.56 (14.43)
59–128

102.73 (14.36)
62–132
102.83 (13.73)
63–132
102.74 (15.02)
51–132
101.81 (14.48)
62–132
102.87 (13.80)
63–132
102.08 (15.07)
51–132

68.97 (13.84)
40–85
79.17 (18.26)
40–112
79.42 (18.30)
40–112
64.75 (13.25)
40–79
78.07 (18.09)
40–111
77.97 (19.14)
40–112

103.79 (10.16)
87–132
104.39 (11.42)
69–132
103.94 (12.12)
60–132
102.21 (11.27)
81–132
104.05 (11.58)
69–132
101.92 (13.60)
56–132

39.18 (35.31)
1–110
45.42 (31.37)
1–84
57.12 (40.10)
1–116
34.01 (34.13)
1–107
42.79 (30.72)
1–80
52.58 (41.06)
1–116

97.15 (19.82)
1–124
104.49 (9.64)
86–124
97.10 (21.28)
1–124
94.09 (23.81)
1–124
103.72 (10.25)
82–124
94.68 (23.55)
1–124

67.69 (19.23)
40–102
75.05 (20.37)
40–119
67.26 (14.68)
40–84
65.19 (17.81)
40–102
74.03 (20.20)
40–119
63.11 (13.75)
40–79

98.59 (15.62)
45–130
100.12 (15.68)
45–130
104.24 (9.67)
86–130
96.90 (17.18)
40–130
99.74 (15.85)
45–130
101.98 (11.26)
81–130

Note. The plus sign (+) indicates affected, and the minus sign (−) indicates unaffected, as indicated by the reference standard (total n = 251) . SLP = speech-language pathology;
CCC-2 = Children’s Communication Checklist–Second Edition; CELF-4 = Clinical Evaluation of Language Fundamentals–Fourth Edition; TEGI = Test of Early Grammatical Impairment;
NWR = Dollaghan and Campbell’s (1998) nonword repetition task.

with the best performing behavioral checklists and inventories widely used in pediatric psychology (see Youngstrom,
2014). AUCs were similarly high for past tense marking—
with notable exceptions in those instances when affected
status was based on poor performance on the NWR measure
(.843–.909 vs. .736–.757). This suggests that, even though
profiles consisting of poor performance on both finite verb
and NWR measures were common among children who met
a variety of the reference standards, we considered—in fact,
this represented the most common combination of indicators
—these two measures appeared to tap into different dimensions of linguistic vulnerability. This would be consistent
with characterizations that NWR may represent a stronger
clinical marker for dyslexia status than language impairment
status, even though these two conditions frequently co-occur
(Bishop, McDonald, Bird, & Hayiou-Thomas, 2009; Catts,
Adlof, Hogan, & Weismer, 2005; Catts, Adlof, & Weismer,
2006). In contrast, sentence recall appeared to align reasonably well with both the TEGI and NWR, suggesting sentence recall might be a stronger choice when screening for
broadly based profiles of psycholinguistic vulnerability.
Our index measures were the least aligned with the
reference standard defined by receipt of language services
followed closely by the standard based on parental ratings
of communicative concerns. As a group, children identified
as having a language impairment by these reference standards presented with less severe behavioral symptoms than
when language impairment status was determined using

behavioral criteria. In practical terms, this means that a significant number of children who do not present with the
kinds of language symptoms captured by the CELF-4,
TEGI, or NWR might be overlooked by sentence recall
and past tense marking measures.
The CELF-4 reference standard demonstrated the
highest level of overlap with the other reference standards. At
face value, this appears to provide an endorsement of using
the CELF-4 as the reference standard for language impairment in future diagnostic accuracy studies. In contrast, the
receipt of services reference standard was the least consistent
with the other standards, with the largest portion of their
cases identified by only that reference standard (22%). The
observed lack of convergence in our study was generally consistent with previous investigations that reported less-thanoptimal alignment between behavioral measures of children’s
language performance and service provision/parental concerns
(Morgan et al., 2016; Schmitt et al., 2014; Zhang & Tomblin,
2000). The source of these discrepancies is open to speculation
requiring additional investigations to reach resolution.
Our data provide important replications of previous
studies that have used these particular index measures. For
example, the obtained means for the sentence recall measure across different age groups aligned very closely with
those reported in Archibald and Joanisse (see Figure 2).
Likewise, obtained age-referenced means for the past tense
marking measure were highly congruent with normative information provided in the TEGI manual (Rice & Wexler,

Figure 2. Observed sentence recall mean raw scores in the current study compared to values reported in Archibald and Joanisse (2009).
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2001). These independent replications combined with high
levels of interrater scoring consistency and stability observed in the current study sample suggest these particular
index measures are reliable enough to be translated into
clinical use as language screeners.
Our study has several limitations that encourage caution when interpreting results. Our results are limited to
the particular reference standards we selected. Even though
these reference standards were consistent with the different
types of reference standards currently under consideration
in diagnostic accuracy studies, they were not exhaustive
of the range of empirical or clinical reference standards
available. Additional research may reveal limitations when
using sentence recall and past tense marking to screen for
other reference standards of language impairment. Similarly, our results are limited to the age range we examined,
and it is an open question whether our index measures
would perform as well with older students. It is likely that
different index measures would be more successful when
screening older elementary, middle school, and high school
students. Participation in our study samples required two
stages of active parental consent and child assent rather
than potentially more robust “opt-out” or negative consent
procedures, as used in some studies (cf. Tomblin et al., 1997).
This design element probably introduced selection biases into
our sample. Participating school administrators were, understandably, protective of teacher time, and this prevented
us from collecting data from teachers that could have
complemented the standardized parent ratings of communicative competence. We were similarly restricted from
collecting information regarding the type, frequency, duration, or goals associated with the interventions children
were receiving. These details could have shed some light
on the limited alignment between our index measures and
the linguistic and nonlinguistic signs and symptoms entailed
by children’s enrollment in language services. Another limitation associated with our evaluation of sentence recall and
past tense marking is our outcomes only apply to monolingual English-speaking children. Additional investigations
are needed to address these limitations and to explore potential adaptations of these clinical markers for use with
more diverse communities. Despite these limitations, however, the results of our investigation suggest that, when the
reference standard for language impairment in early elementary students does eventually arrive in the field, sentence recall and past tense marking measures appear to be
well positioned to screen for it.
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