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Purpose: The purpose of this study was to provide reference
data and evaluate the psychometric properties for the finite
verb morphology composite (FVMC) measure in children
between 4 and 9 years of age from the database of the
Edmonton Narrative Norms Instrument (ENNI; Schneider,
Dubé, & Hayward, 2005).
Method: Participants included 377 children between
age 4 and age 9, including 300 children with typical
language and 77 children with language impairment
(LI). Narrative samples were collected using a story
generation task. FVMC scores were computed from
the samples. Split-half reliability, concurrent criterion
validity, and diagnostic accuracy for FVMC were further
evaluated.
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Results: Children’s performance on FVMC increased
significantly between age 4 and age 9 in the typical
language and LI groups. Moreover, the correlation
coefficients for the split-half reliability and concurrent
criterion validity of FVMC were medium to large (rs ≥
.429, ps < .001) at each age level. The diagnostic
accuracy of FVMC was good or acceptable from age 4 to
age 7, but it dropped to a poor level at age 8 and age 9.
Conclusion: With the empirical evidence, FVMC is
appropriate for identifying children with LI between age
4 and age 7. The reference data of FVMC could also be
used for monitoring treatment progress.
Supplemental Material: https://doi.org/10.23641/asha.
10073183
Ahallmark of English-speaking children with lan-
guage impairment (LI) is the protracted develop-
mental trajectory for learning to consistently use

tense and agreement morphemes (Leonard, Haebig, Deevy,
& Brown, 2017; Rice, Wexler, & Hershberger, 1998). Tense
and agreement morphemes (hereafter, tense morphemes)
in English refer to the inflections (e.g., third-person singular
–s as in The dog runs every day) or function words (e.g.,
auxiliary be as in The boys are laughing) that give informa-
tion pertaining to person, number, and time in sentences.
In both spoken discourse and experimental probes, preschool
children with LI were more likely to omit tense morphemes
than those with typical language (TL) development (Goffman
& Leonard, 2000; Leonard et al., 2017; Rice et al., 1998).
The difficulty that children with LI have with using tense
morphemes may persist even into the school-age years
(Moyle, Karasinski, Ellis Weismer, & Gorman, 2011; Rice
et al., 1998). Although there are different theoretical expla-
nations for this tense morpheme deficit (see Leonard, 2014,
for a review), there appears to be a consensus that it can
be used as a clinical marker for identifying children with LI
(Pawłowska, 2014; Tager-Flusberg & Cooper, 1999).

There are several different methods for calculating
tense usage by English-speaking children from language
Disclosure: The authors have declared that no competing interests existed at the time
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samples (Leonard et al., 2017), such as the tense and agree-
ment productivity score (TAPS; Hadley & Short, 2005),
the tense composite (Rice et al., 1998), and the finite verb
morphology composite (FVMC; Bedore & Leonard, 1998;
Leonard, Miller, & Gerber, 1999). TAPS documents the
emergence of tense morphemes through their initial produc-
tivity. It is computed by identifying children’s productive
uses of five tense morphemes, including third-person singular
–s, past tense –ed, copula be, auxiliary be, and auxiliary do.
Given that productivity measures typically reveal whether
a target structure is incorporated into the child’s language
system (Lahey, 1988; Schuele, 2013), TAPS is appropriate
for documenting early development of tense usage in children
(e.g., up to age 4; Gladfelter & Leonard, 2013; Guo &
Eisenberg, 2014). In contrast with TAPS, the tense com-
posite and the FVMC both evaluate the accuracy of tense
usage in children. While the tense composite computes the
accuracy of five tense morphemes combined (i.e., third-
person singular –s, past tense –ed, copula be, auxiliary be,
and auxiliary do), FVMC calculates the accuracy of four
tense morphemes combined (i.e., third-person singular –s,
past tense –ed, copula be, and auxiliary be). Because accu-
racy measures typically reveal the mastery of a target struc-
ture, both the tense composite and FVMC are appropriate
for tracking the development of tense usage from preschool
to early elementary school age (e.g., age 3 to age 8; Rice
et al., 1998). It should be noted that, unlike the tense com-
posite, FVMC does not include auxiliary do in the computa-
tion because English has both auxiliary do and main verb
do (e.g., He did a good job). Including auxiliary do in the
computation would require clinicians to differentiate
auxiliary do and its main verb counterpart, which might
not only increase the work of clinicians but also reduce
the reliability in analysis (Goffman & Leonard, 2000).
Given that FVMC could be used for a wider age range
than the TAPS and potentially requires less work than
the tense composite, we focused on FVMC in the present
investigation.

Across studies, FVMC has been shown to be a promis-
ing measure for differentiating children with and without LI
during their preschool and early elementary school years
(Guo & Schneider, 2016; Pawłowska, 2014; Souto, Leonard,
& Deevy, 2014). However, extant studies have used different
language sampling protocols (e.g., free play, narrative) for
calculating FVMC in preschool and school-aged children.
Despite the fact that group data are available for FVMC at
different ages from prior studies, the varied methodologies
for data collection make it difficult for clinicians to compare
across studies to obtain reference data for identifying children
with LI. This issue is critical because, based on a survey by
Pavelko, Owens, Ireland, and Hahs-Vaughn (2016), lack of
reference data was a major reason why practicing clinicians
do not regularly include language sample analysis in the
assessment process. By reanalyzing the archival data of the
Edmonton Narrative Norms Instrument (ENNI; Schneider,
Dubé, & Hayward, 2005), this study aimed to provide
reference data for FVMC in children between age 4 and age
9 who were administered a consistent language sampling
2 Language, Speech, and Hearing Services in Schools • 1–16
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protocol (i.e., a story generation task). To validate the use
of FVMC computed from the ENNI protocol, we also
evaluated the psychometric properties of FVMC, including
split-half reliability, concurrent criterion validity, and
diagnostic accuracy. In what follows, we first review the
studies that investigated the performance of FVMC in
English-speaking children with and without LI who were
at the preschool or school ages. We then outline the scope of
this study.

Performance of FVMC in Children
With and Without LI

For the current report, we used the term FVMC to
refer to the computation of tense morpheme usage based
on four tense morphemes: third-person singular present –s
(3SG –s), past tense –ed, copula be, and auxiliary be (Bedore
& Leonard, 1998; Leonard et al., 1999). There have been
some studies that used the term FVMC when auxiliary do
was included in the computation (e.g., Gladfelter & Leonard,
2013; Leonard et al., 2017). To avoid confusion, for this
report, we limited the term FVMC to the computation in
which only the original four tense morphemes were included
(Bedore & Leonard, 1998).

Guo and Eisenberg (2014) examined the performance
of FVMC in 18 pairs of 3-year-old children with and with-
out LI using conversational language samples that involved
the child playing with toys with a parent. Classification of
LI was based on intervention status (i.e., receiving therapy
at the time of the study) and/or a standard score below
87 on the Structured Photographic Expressive Language
Test–Preschool 2 (Dawson et al., 2005). The mean FVMC
score was 97.44% (SD = 3.10%) for 3-year-old children
with TL and 78.88% (SD = 21.83%) for those with LI. The
FVMC score was significantly higher in the TL group than
in the LI group, with large effect size.

In a subsequent study, Souto et al. (2014) separately
examined FVMC in 14 pairs of 4-year-old and 16 pairs of
5-year-old children with and without LI using conversational
language samples that involved the child playing with toys
with an examiner. Classification of LI was based on a
standard score below 67 on the Structured Photographic
Expressive Language Test–Preschool 2 (Werner & Kresheck,
1983). The mean FVMC score was 96.97% (SD = 4.27%)
for 4-year-old children with TL and 56.93% (SD = 23.91%)
for those with LI. Moreover, the mean FVMC score was
97.64% (SD = 4.41%) for 5-year-old children with TL and
70.00% (SD = 18.82%) for those with LI. At both ages, the
FVMC score was significantly higher in the TL group than
in the LI group, with large effect sizes.

In contrast to other studies, Guo and Schneider
(2016) evaluated FVMC in school-aged children with and
without LI who were 6 or 8 years old using a narrative
generation task. For age 6, 50 children with TL and
11 children with LI were included; for age 8, 50 children
with TL and 17 children with LI were included. Classifica-
tion of LI was based on intervention status and a standard
score below 85 on at least one of the composite scores
 Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



(i.e., Receptive, Expressive, and Total Language Composites)
of the Clinical Evaluation of Language Fundamentals–Third
Edition (CELF-3; Semel, Wiig, & Secord, 1995). The mean
FVMC score was 97% (SD = 3%) for 6-year-old children
with TL and 79% (SD = 18%) for those with LI. Moreover,
the mean FVMC score was 99% (SD = 2%) for 8-year-
old children with TL and 88% (SD = 18%) for those with
LI. The FVMC score was significantly higher in the TL
group than in the LI group at both ages, with large effect
sizes.

In summary, children with TL, as a group, produced
FVMC at the customary level of mastery (i.e., > 90%;
Brown, 1973) in conversations as early as age 3. Al-
though prior studies have adopted different inclusionary
criteria for children with LI, these studies have collectively
shown that FVMC could differentiate children with and
without LI from preschool to early elementary school ages.
However, no studies have used one single, uniform language
sampling protocol to generate reference data (e.g., mean,
standard deviation) for FVMC from children with TL
across the preschool and early elementary school ages to
inform clinical decision making. Guo and Eisenberg (2014)
used a parent-elicited conversational language sample for
3-year-old children; Souto et al. (2014) used an examiner-
elicited conversational language sample for 4- and 5-year-old
children; Guo and Schneider (2016) used a narrative sample
for 6- and 8-year-old children. Without separate reference
data for different age levels based on one single, uniform
language sampling protocol, it is difficult for clinicians to
determine whether a child’s performance on FVMC is
within the typical range or to evaluate whether a child
makes significant progress on FVMC over time compared
to same-aged peers.

A study by Goffman and Leonard (2000) did provide
group data for FVMC based on 99 children with TL be-
tween the ages of 2;2 and 5;8 (years;months) in 5-month
intervals using a consistent language sampling protocol (i.e.,
conversational language samples that involved children
playing toys with the examiner). However, there are several
issues that limit the usability of their data by clinicians for
making normative comparisons. Some of the age groups
had only a small number of children (e.g., nine children in
the group between 3;5 and 3;9), which may not be a
sufficient sample size to serve as reference data. In addition,
the group data for FVMC (i.e., mean and ± 1 SD) were
plotted in a figure, and no specific numbers were reported.
Although clinicians could evaluate whether a child’s FVMC
falls below the −1 SD cutoff point, clinicians could not
calculate a z score (i.e., number of standard deviations below
the mean) given that means and standard deviations were
not reported. Clinicians could not also apply a different
cutoff (e.g., −1.25 SD) that might be required for a child to
meet eligibility requirements to receive services. Furthermore,
the group data in Goffman and Leonard included children
up to the age of 5;8, which would not allow normative com-
parisons for children who are older (e.g., 6- or 7-year-old
children). Thus, despite the fact that several studies have
reported FVMC data from different age groups, there
Downloaded from: https://pubs.asha.org Sarita Eisenberg on 11/08/2019,
remains a critical need to obtain reference data for FVMC
from children with TL at different ages between preschool
and early school-age years using one single, uniform lan-
guage sampling protocol.

This Study
Although FVMC has been shown to be a promising

measure for differentiating children with and without LI,
lack of adequate reference data due to the use of different
language sampling protocols across studies has limited the
clinical use of FVMC. To address this issue, this study
aimed to provide reference data for FVMC in children
between 4 and 9 years of age from the database of the ENNI
(Schneider et al., 2005). The ENNI was originally designed
to evaluate narrative skills in children between age 4 and
age 9 using picture sequences (see Method section for de-
tails). The data in the ENNI were collected using a cross-
sectional design, rather than a longitudinal design. We
chose the ENNI database because a story generation task
was administered consistently throughout the designated age
range. The assessment protocol (e.g., pictures and instruc-
tions) and the reference data for a variety of macrostruc-
tural and microstructural measures (e.g., story grammar,
syntactic complexity, total number of words) are freely
available on the ENNI website. The available reference data
for microstructural measures, however, do not include
FVMC. This provides an opportunity for this study to
generate reference data for FVMC using the archival data
(i.e., narrative samples) from the ENNI database, which
are publicly accessible from the website of the Child Language
Data Exchange System (MacWhinney, 2000). The outcome
of this study may further encourage clinicians to take
advantage of the freely available ENNI protocol. It should
be noted that the ENNI database is also incorporated into
the normative database of the Systematic Analysis of Language
Transcripts (SALT; Miller, Andriacchi, & Nockerts, 2016).
Even though SALT is able to automatically generate refer-
ence data for a number of language sample measures (e.g.,
mean length of utterances, number of different words)
using the ENNI database, it does not provide reference
data for the FVMC score. Thus, despite the fact that the
ENNI database is freely and commercially available in
different websites/software, there remains no comprehensive
reference data for evaluating children’s performance on
FVMC.

We are also aware of a freely available standardized
test that specifically assesses children’s tense usage from
age 3 to age 8—the Rice Wexler Test of Early Gram-
matical Impairment (TEGI; Rice & Wexler, 2001). To the
best of our knowledge, the TEGI evaluates children’s usage
of five tense morphemes at the single-word or single-sentence
levels, including third-person singular –s, past tense –ed, cop-
ula be, auxiliary be, and auxiliary do. The accuracy of using
these five morphemes was combined together into a compos-
ite score. The diagnostic accuracy of the TEGI for identify-
ing children with LI (i.e., sensitivity) and children with TL
(i.e., specificity) was acceptable (80% accurate or higher;
Guo et al.: Psychometric Properties of FVMC 3
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Plante & Vance, 1994) to good (90% accurate or higher)
from age 3 to age 6, except for children between 3;0 and 3;5.
Although sensitivity for the TEGI at age 7 and age 8 was
acceptable, specificity was not reported. Using the ENNI
protocol to compute FVMC would allow clinicians to fur-
ther evaluate children’s tense usage at the text level within
real-life activities (i.e., narratives; Miller et al., 2016). In
addition, using tense morphemes at the text level would
presumably require more cognitive resources than using
tense morphemes at the single-word or single-sentence
levels (Charest & Johnston, 2011). If children do have defi-
cits in tense usage, they are more likely to make errors at the
text level than at the single-word or single-sentence level.
This could make it relatively easier for clinicians to deter-
mine whether a child indeed has a deficit in tense usage.
Moreover, because the ENNI database included children
between age 4 and age 9, it allowed us to further evaluate
the diagnostic accuracy (i.e., sensitivity and specificity) for
children between age 7 and age 9.

This study had two goals. The first goal was to provide
reference data for FVMC. To this end, we computed not only
the means and standard deviations of FVMC but also 90%
and 95% confidence intervals of FVMC for children with TL
between age 4 and age 9 in 12-month intervals as reference
data. We chose this age range as they reflected the archival
data in the ENNI database. Providing reference data for
language sample measures in 12-month intervals was also
consistent with prior studies (e.g., Leadholm & Miller,
1992). To establish that the reference data of FVMC com-
puted from the ENNI database was a valid clinical tool,
an important initial step was to examine whether FVMC
increased with age in children with and without LI and
whether FVMC differed significantly between children with
and without LI at each age level (i.e., construct validity;
Aiken & Groth-Marnat, 2006). Thus, we also provided
the means and standard deviations of FVMC from children
with LI. With the group data from children with and without
LI between age 4 and age 9 by age level, we were able to
evaluate the initial validity for FVMC. In addition, few
studies, if any, have reported confidence intervals for lan-
guage sample measures. The provision of confidence intervals
for FVMC based on children with TL would allow clini-
cians to estimate the range of a child’s “true” score for
FVMC, which would help clinicians interpret the results
in the diagnosis process (Aiken & Groth-Marnat, 2006;
McCauley & Swisher, 1984). Moreover, when tense usage
is a treatment goal and FVMC is used as an outcome measure
for monitoring treatment progress, the confidence intervals
of FVMC would also allow clinicians to determine whether
a child’s performance on FVMC significantly improves over
time (Hall-Mills, 2018). Specifically, the clinicians may
obtain the lower and upper limits for a child’s FVMC
score before treatment, using 90% or 95% confidence inter-
vals. After treatment, if the child’s posttreatment FVMC
score exceeds the upper limit of the pretreatment FVMC
score, this would be considered as a significant improve-
ment (Gillam et al., 2008). In contrast, if the child’s post-
treatment FVMC score falls below the upper limit of the
4 Language, Speech, and Hearing Services in Schools • 1–16

Downloaded from: https://pubs.asha.org Sarita Eisenberg on 11/08/2019,
pretreatment FVMC score, this would not be consi-
dered as a significant improvement even if the posttreat-
ment FVMC score is higher than the pretreatment FVMC
score.

The second goal was to further validate the use of
FVMC computed from the ENNI database. To this end,
we examined three psychometric properties for FVMC by
age, including split-half reliability, concurrent criterion
validity, and diagnostic accuracy. Split-half reliability of a
measure evaluates the extent to which the results from one
half of the items are consistent with those from the other
half (i.e., internal consistency; Aiken & Groth-Marnat,
2006). We therefore computed the correlation between
FVMC scores from one set of the stories (i.e., Story Set A)
and those from the other set of the stories (i.e., Story Set
B) in the ENNI protocol. Concurrent criterion validity of
a measure evaluates the extent to which performance on
this measure is consistent with performance on other measures
designed to assess the same skill areas. We therefore computed
the correlation between FVMC scores and a measure of
expressive grammar—the Recalling Sentences in Contexts
subtest of the Clinical Evaluation of Language Fundamentals–
Preschool (CELF-P; Wiig, Secord, & Semel, 1992) or the
Recalling Sentences subtest of the CELF-3 (Semel et al.,
1995). Moreover, diagnostic accuracy of a measure evalu-
ates the extent to which a measure could differentiate indi-
viduals with and without a condition (e.g., LI). For this, we
examined the sensitivity, specificity, and likelihood ratios
for FVMC.

It should be noted that the means, standard deviations,
and diagnostic accuracy data for FVMC in 6- and 8-year-
old children have been reported in Guo and Schneider
(2016), whereas the rest of the data were unique to this
study and have never been reported elsewhere. Thus, this
study contributed to evidence-based assessment by extending
the reference data for FVMC, by computing the confidence
intervals for FVMC, and by examining the psychometric
properties for FVMC.

In this study, we asked three questions. First, does
FVMC increase significantly in children with and without
LI who are between 4 and 9 years of age in the ENNI
reference data? Second, do children with TL produce higher
FVMC scores than those with LI in the ENNI reference
data? Third, does FVMC show appropriate psychometric
properties at each age level between age 4 and age 9? On
the basis of prior studies (Guo & Eisenberg, 2014; Leonard
et al., 2017; Rice et al., 1998; Souto et al., 2014), we pre-
dicted that the change in FVMC in the TL group would be
minimal between 4 and 9 years of age because children with
TL typically produced FVMC at the customary level of
mastery (i.e., ≥ 90%) as early as age 3. In contrast, we pre-
dicted FVMC would increase significantly with age in the
LI group. Therefore, children with TL may produce higher
FVMC scores than those with LI between age 4 and age 9
but the magnitude of differences (i.e., effect size) may de-
crease with age. It was further predicted that FVMC would
show appropriate psychometric properties between age 4
and age 9.
 Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



Method
Participants

The present investigation used the data from the nor-
mative sample in the ENNI (Schneider et al., 2005). Data
collection for the ENNI was approved by the institutional
ethics review board at the University of Alberta. Participants
in the normative sample were 377 children (300 TL, 77 LI)
between 4 and 9 years of age recruited from the Edmonton
area, Canada. Signed consents were obtained from the
parents of all of the children who participated. There
were 50 children with TL for each age level, but the number
of children with LI varied (see Table 1). It should be noted
again that, although the ENNI database included children
between age 4 and age 9, it was a cross-sectional design,
not a longitudinal design. The chronological ages were
not significantly different between the TL and LI groups at
any of the age levels, Fs ≤ 2.41, ps ≥ .13, ds ≤ 0.13. The dis-
tribution of gender was also not significantly different be-
tween the TL and LI groups at any of the age levels, χ2 ≤
3.03, ps ≥ .08. All children were from English-speaking
families and spoke English at home from birth; in some
Table 1. Mean (SD) of demographic measures of children by language sta

Language
status and age n Gender

Age
in months SESa

(

Typical language
4-year-olds 50 25 G, 25 Be 55.20 (2.88) 47.38 (13.58)

5-year-olds 50 25 G, 25 B 66.12 (3.24) 46.64 (12.12)

6-year-olds 50 25 G, 25 B 78.94 (3.99) 48.31 (14.75)

7-year-olds 50 25 G, 25 B 90.48 (3.36) 45.13 (13.65)

8-year-olds 50 25 G, 25 B 102.92 (3.34) 45.04 (11.55)

9-year-olds 50 25 G, 25 B 113.88 (3.36) 48.79 (12.04)

Language impairment
4-year-olds 12 3 G, 9 B 55.92 (2.76) 47.17 (10.80)

5-year-olds 14 6 G, 8 B 64.92 (3.12) 46.52 (12.00)

6-year-olds 11 5 G, 6 B 79.55 (3.17) 40.26 (13.97)

7-year-olds 13 3 G, 10 B 90.72 (2.76) 42.42 (13.30)

8-year-olds 17 7 G, 10 B 104.35 (3.12) 42.42 (7.40)

9-year-olds 10 5 G, 5 B 114.00 (2.52) 48.71 (9.66)

Note. CELF-P = Clinical Evaluation of Language Fundamentals–Presch
Third Edition.
aSES = socioeconomic status as measured by the Blishen Scales (Blishen
the Linguistic Concepts subtest in the CELF-P (ages 4 and 5 years) and th
cThe standard score (M = 10, SD = 3) was reported for the Recalling Sente
the Recalling Sentences subtest in the CELF-3 (ages 6–9 years). dThe stan
were reported for the LI group using the manuals of the CELF-P or the CE
with TL because they were administered only two subtests. The em dash
children with TL. eG = girl; B = boy.

Downloaded from: https://pubs.asha.org Sarita Eisenberg on 11/08/2019,
cases, another language may also have been spoken in
the home, as it was only specified that English must be
the first language in the inclusion criteria when participants
were recruited. However, the information regarding the per-
centage of participants who were exposed to a language other
than English was not documented for the normative sample.

Children with TL in the normative sample were re-
cruited from 13 day cares/preschools and 34 public ele-
mentary schools in the Edmonton area, all of which were
randomly selected (Schneider et al., 2005). Teachers in the
participating schools who had students in the target age
range were asked to refer two children in the upper academic
level of achievement, two children from the middle academic
level, and two children in the lower academic level, with
one boy and one girl at each level. This decision was made
to ensure that the normative sample would consist of
children with TL who had varying language skills. All
children in the TL group were typically developing per
teachers’ reports and did not have speech or language diffi-
culties or any other disorders such as learning disability,
autism spectrum disorders, or attention-deficit/hyperactivity
disorder (ADHD).
tus and age.

Linguistic) Concepts
and Directionsb

Recalling Sentences
(in Contexts)c CELF-P/CELF-3d

10.82 (3.32)
3–16c

9.96 (2.38)
5–18

—

10.74 (2.63)
3–15

9.96 (2.79)
3–16

—

11.58 (3.03)
6–17

11.76 (3.32)
5–17

—

12.24 (3.26)
4–17

11.66 (2.79)
5–17

—

12.16 (2.92)
4–17

10.84 (2.74)
4–16

—

11.84 (2.80)
6–17

11.14 (2.60)
5–16

—

4.33 (2.6)
3–11

5.42 (1.17)
4–7

76.83 (8.62)
68–99

5.00 (2.88)
3–11

4.43 (1.28)
3–7

76.21 (11.35)
58–96

5.73 (1.79)
4–9

5.27 (2.20)
3–10

78.55 (8.18)
63–62

6.38 (2.36)
3–11

4.31 (1.49)
3–7

74.00 (11.05)
51–90

7.47 (2.37)
4–13

5.00 (1.80)
3–9

76.29 (11.94)
55–95

8.10 (2.55)
4–13

5.40 (1.96)
3–8

73.50 (11.27)
55–85

ool; CELF-3 = Clinical Evaluation of Language Fundamentals–

et al., 1987). bThe standard score (M = 10, SD =3) was reported for
e Concepts and Directions subtest in the CELF-3 (ages 6–9 years).
nces in Context subtest in the CELF-P (ages 4 and 5 years) and
dard scores of Total Language Composites (M = 100, SD = 15)
LF-3. No Total Language Composites were reported for children
es indicate that Total Language Composites were not available for

Guo et al.: Psychometric Properties of FVMC 5
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As part of the study protocol, two subtests of the
CELF-P (Wiig et al., 1992) or the CELF-3 (Semel et al.,
1995) were administered to children referred as TL, depend-
ing on the child’s age. Children younger than age 6;0 were
tested using the Linguistic Concepts and Recalling Sentences
in Context subtests from the CELF-P. Children aged 6;0
and older were tested using the Concepts and Directions
and Recalling Sentences subtests from the CELF-3. The
purpose of administering these subtests was to provide a
description of language skills for children with TL. Children’s
performance on these subtests, however, did not affect inclu-
sion or exclusion from analysis (Schneider & Haywood, 2010).

Across all ages, 19 children with TL (1–6 per age
group) had standard scores below 7 (i.e., −1 SD) on the
Linguistic Concepts (CELF-P) or Concepts and Directions
(CELF-3) subtest, 11 children (1–3 per age group) had scores
below 7 on Recalling Sentences in Context (CELF-P) or
Recalling Sentences (CELF-3), and six children (0–2 per
age group) had scores lower than 7 on both subtests. These
children were still included in the TL group for several reasons.
First, the teachers did not have any concerns for these chil-
dren on their speech/language skills (Bishop, Snowling,
Thompson, Greenhalgh, & CATALISE Consortium, 2016;
Paul, Norbury, & Gosse, 2018). Second, it is possible for a
child with TL skills to score below −1 SD on individual
subtests (Semel et al., 1995; Wiig et al., 1992). Third, only
the two subtest scores were available for most of the children
in the TL group (see Schneider, Hayward, & Dubé, 2006,
for an explanation), which would not be adequate for iden-
tifying LI without other supporting information. This was
because the CELF-P/CELF-3 manuals emphasized that, while
the Composite Standard Scores (i.e., Receptive Composite,
Expressive Composite, and Total Language Composite)
could be used for diagnosing the presence/absence of LI, the
standard scores for individual subtests cannot be used for
this purpose. Finally, eliminating the children from the TD
group who had the lowest CELF scores would potentially
bias the sample in the direction of greater differences between
the groups on the ENNI. Table 1 presents the standard
scores (M = 10, SD = 3) of the two subtests in the CELF-P
or CELF-3 for children with TL in the normative sample of
the ENNI by age level.

The subsample of children with LI was recruited
from three sites: a public school serving children with com-
munication disorders, a rehabilitation hospital that had
several programs for children with LI, and Capital Health
Authority, which served preschool and school-aged children
throughout the city of Edmonton. Each site was asked to
refer children with a rating of 2–5 on a severity rating scale
designed by Capital Health that could rate a child’s LI
from 1 (mild) to 5 (severe). Children could be referred even
if they had a diagnosed learning disability, mild-to-moderate
speech sound disorder, fine or gross motor delay, or attention-
deficit disorder (ADD) or ADHD with medication. It
should be noted that the participating sites were also asked
not to refer children who had a diagnosis of autism, intel-
lectual disability, hearing impairment, severe speech sound
disorder, ADD/ADHD without medication, or severe visual
6 Language, Speech, and Hearing Services in Schools • 1–16
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impairment that would result in inability to see pictures
even with correction. However, the information regarding
whether children with LI in the normative sample also had
concomitant speech disorders, motor delay, or ADD/ADHD
(with medication) was not available at the time of data
collection because access to children’s clinical records was
not obtained. Information regarding nonverbal/performance
IQ was not collected.

To further confirm the language status of children
who were referred as having LI, the full CELF-P or CELF-3
was administered, depending on the child’s age (i.e., younger
than 6;0 or not). All of the children in the LI group scored
below −1 SD (i.e., a standard score of 85) on at least one of
the composite scores (i.e., Receptive, Expressive, and Total
Language Composites) of the CELF-P or CELF-3. The
cutoff standard score of 85 was based on the recommendation
of the CELF manuals and was consistent with the cutoff
used in previous studies of children with LI (e.g., Munson,
Kurtz, & Windsor, 2005). Across ages, the percentage of
children with LI who scored below the cutoff was 66% (51/77)
for the Receptive Composite, 95% (73/77) for the Expressive
Composite, and 84% (65/77) for the Total Language Com-
posite. Thus, all children with LI in this study were receiving
language intervention at the time of data collection and
scored below −1 SD on at least one of the composite scores
on the CELF-P or CELF-3. These inclusionary criteria were
consistent with prior studies (e.g., Dollaghan & Campbell,
1998; Moyle et al., 2011). Table 1 presents the Total Lan-
guage Composite (M = 100, SD = 15) for children with LI
in the normative sample by age.

Demographic information, including ethnicity and
socioeconomic status (SES), was also collected. Ethnic com-
position of children in the normative sample corresponded
closely to the range of ethnic diversity in the city of Edmonton
according to Statistics Canada data (Statistics Canada, n.d.):
Approximately 72% of the participants were of European
origin, and 28% were of non-European origin. The SES of
the children was estimated from parents’ occupations using
the Blishen Scales (Blishen, Carroll, & Moore, 1987). Based
on Canadian census information, this index reflects equally
weighted components of education and income level by
occupation. For instance, route drivers are assigned a score
of 35.73, and electrical engineers are assigned a score of
71.70 on the scale. Table 1 also presents the mean SES
score by language status and age. The SES scores were not
significantly different between the TL and LI groups at
any of the age levels (ps ≥ .12, ds ≤ 0.42) or between the
age levels regardless of children’s language status (p = .39,
d = 0.25).

Materials
The ENNI (Schneider et al., 2005) used a story genera-

tion task to elicit narratives from children. The task involved
children telling stories about six original picture sequences
with animal characters. The picture sequences were all black
and white drawings drawn by a professional cartoonist
based on the scripts created by the ENNI authors. The
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picture sequences depicted stories that varied in three levels
of complexity (two picture sequences for each level). To
reflect the complexity of the stories, the picture sequences
systematically varied in length (i.e., five, eight, and 13 pic-
tures), number and gender of characters (i.e., two, three,
and four characters), and amount of story information. The
six picture sequences were equally divided into two sets (i.e.,
Set A and Set B) such that each set had one picture sequence
from each complexity level (i.e., three picture sequences
per set). For each story set, Story 1 had one episode (i.e.,
initiating event, attempt, consequence; Hughes, McGillivray,
& Schmidek, 1997), Story 2 had two episodes, and Story 3
had three episodes. Thus, both story sets had the same total
number of episodes (i.e., six episodes across stories). These
picture sets may be viewed and downloaded from the ENNI
website. To demonstrate the variation of complexity levels
for the stories, a description of each story is provided in
Supplemental Material S1.

To be particularly cautious, we examined whether
the story sets had any effects on the target measure—FVMC.
We found that FVMC for Set A did not differ significantly
from FVMC for Set B either in the TL group, F(1, 299) =
0.121, p = .728, or in the LI group, F(1, 76) = 0.001, p = .984.
Thus, we did not further consider the effect of story sets
(Sets A or B) in this report.

Procedure
Each participant was seen individually by a trained

examiner in the child’s preschool/day care or school. Three
examiners with a bachelor’s degree in education or psychol-
ogy were employed to evaluate the child and administer the
story generation task. The task began by instructing the
child that he could see all the pages first and then tell a
story to the examiner. The instructions also stressed that the
examiner would not be able to see the pictures so the child
would have to tell a really good story in order for the exam-
iner to understand it.

The pictures for each story were placed in page pro-
tectors in a binder. Each story was in its own binder. The
examiner was required to hold the binder in such a way
that she could not see the pictures as the child told the
story. This meant that the child needed to be explicit in
order for the examiner to understand the story. For example,
the child could not legitimately use a pointing gesture to
replace language when referring to a specific character in
the picture. When a given story was administered, the child
first went through all of the pictures to preview the story
and then started to tell the story. The examiner turned the
pages after the child appeared to be finished telling the story
for a particular picture.

The child was first given a training story consisting of
a single episode story in five pictures. Like those for Story 1
in each story set, the training story had five pictures and
described one episode that contained two characters. The
purpose for administering the training story was to familiarize
the child with the procedure and to allow the examiner to
give explicit prompts (e.g., Once upon a time, there was a ~)
Downloaded from: https://pubs.asha.org Sarita Eisenberg on 11/08/2019,
if the child had difficulties with the task. The training story,
however, was not included for analysis.

After the training story, the two story sets were given.
Administration of the story sets was counterbalanced across
children. For Story Sets A and B, the examiner was re-
stricted to less explicit prompts than in the training story,
such as general encouragement, repetition of the child’s
previous utterances, and a request to tell what was happen-
ing in the story (e.g., Tell me more about the story or Then
what happens in the story). Stories were audio-recorded for
transcription and analysis.

Data Transcription, Coding, and Computation
The narrative samples were transcribed orthographi-

cally and coded by trained research assistants based on the
conventions of SALT (Miller & Chapman, 2000). Children’s
narratives were segmented into communication units (C-units).
A C-unit is typically an independent clause plus all of its
dependent clauses (Loban, 1976). Nonclausal utterances
that express complete thoughts (e.g., A dog, a rabbit, and a
sandbox) are also counted as C-units. Only intelligible, com-
plete, and spontaneous C-units that described the stories
were included for computing the descriptive measures (e.g.,
mean length of C-units).

FVMC computes the percent accuracy of 3SG –s,
regular past tense –ed, and contracted and uncontracted
copula and auxiliary be forms (e.g., am, are, is, was, were) in
obligatory contexts. An obligatory context is operationally
defined as an instance in which a particular tense marker is
required for the C-unit to be grammatical. For example, the
C-unit “The rabbit walking on the street” has an obligatory
context for auxiliary be but the child omits this morpheme.
C-units that contained verb forms but no subjects (e.g.,
Getting the airplane out of the swimming pool) were not
coded for FVMC because they did not provide obligatory
contexts for tense usage. We also excluded overgeneralization
of 3SG –s (e.g., The elephant haves an airplane) or regular
past tense –ed (e.g., The elephant just standed there) from
the FVMC analysis because verbs in these contexts, by
definition, did not require the usage of 3SG –s or past
tense –ed. It should be noted that FVMC does not include
the infinitive form of be (e.g., The rabbit will be sick), present
participle form of be (e.g., The rabbit is being funny), past
participle form of be (e.g., He has been trying to get the ball),
or gerund form of be (e.g., Being happy is easy) in the analy-
sis. This is because these be forms do not mark tense. Thus,
determining whether a C-unit had an obligatory context for
the target morpheme of FVMC depended on the C-unit that
the child produced. The number of obligatory contexts
for the FVMC analysis therefore varied across children.

For each obligatory context, the target tense mor-
pheme was coded as (a) correctly used, (b) omitted, or
(c) incorrectly used (e.g., The boy and the girl is walking).
FVMC was computed by dividing the total number of cor-
rect uses of the four target tense morphemes by the total
number of obligatory contexts for these morphemes in the
narrative (see Supplemental Material S2 for an example).
Guo et al.: Psychometric Properties of FVMC 7
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The resultant quotient was then multiplied by 100% to ob-
tain a percentage.

Reliability of Transcription and Coding
To ensure the transcription reliability, the narratives

were first transcribed by graduate research assistants majoring
in speech-language pathology at the University of Alberta.
The assistants were trained by the third author by practicing
transcribing four stories to at least 95% accuracy before they
were allowed to transcribe narratives for the ENNI. The
transcripts were then checked against the recordings by the
third author of this study before transcription reliability
was assessed. Another graduate research assistant majoring
in speech-language pathology, who did not transcribe the
stories, independently transcribed one story from 24% of
the participants for checking transcription reliability. The
C-unit segmentation consistency was 96%, and the word-
by-word consistency for transcription was 97%.

To verify the coding reliability for FVMC, we adapted
a consensus procedure from Shriberg, Kwiatkowski, and
Hoffman (1984). Four other graduate assistants majoring in
speech-language pathology at the University at Buffalo
coded the tense morphemes for FVMC for all children. They
were trained by the first author and practiced transcribing
a 30-min conversational language samples and coding gram-
matical morphemes in the sample, including tense morphemes,
with at least 90% accuracy before they could start to
transcribe and code language samples (e.g., conversations,
narratives) in the first author’s lab. At the time they coded
FVMC for the current study, they all had at least 1 year of
experience in transcribing language samples and coding
grammatical morphemes. After the four research assistants
coded FVMC for the ENNI archival data, the first author
checked the coded transcripts for all children (i.e., 100%
checked) without independently coding the transcripts.
Discrepancies were discussed between the first and third/
fourth authors. Across all children, 391 (1.41%) out of 27,715
C-units were discussed. All of the discrepancies were
resolved.

Statistical Analysis
We used two-way analysis of variance (ANOVA) to

evaluate the effects of language status and age on FVMC.
We used the d value to quantify the effect size or magnitude
of the differences in FVMC. Following Cohen (1988), we
interpreted the effect size as small (0.2 ≤ d < 0.5), medium
(0.5 ≤ d < 0.8), or large (d ≥ 0.8) whenever appropriate.
Because FVMC was calculated as a percentage, it was arcsine-
transformed in the ANOVAs.

To compute the 90% and 95% confidence intervals
for FVMC for children with TL at each age level, we
followed the steps specified in McCauley and Swisher (1984).
We first obtained the split-half reliability of FVMC by
computing the correlation of FVMC in Story Sets A and B
for each age level, which was consistent with the current
clinical practice (Dawson et al., 2005; Semel, Wiig, &
8 Language, Speech, and Hearing Services in Schools • 1–16
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Secord, 2003). The correlation coefficients (r) were then
used to calculate the standard error of measurement (SEM)
in the equation (i.e., SEM ¼ SD

ffiffiffiffiffiffiffiffi

1−r
p

, where SD is the
standard deviation of FVMC for a given age level). A 90%
confidence interval is computed by multiplying the SEM
value by −1.645 (lower limit) or +1.645 (upper limit). A
95% confidence interval is computed in a similar way, except
that the SEM is multiplied by −1.96 (lower limit) or +1.96
(upper limit).

To evaluate the split-half reliability for FVMC, we
computed the correlation between FVMC scores from
Story Set A and those from Story Set B for all of the chil-
dren at each age level. That is, children with TL and those
with LI were combined together for this analysis so that
we had sufficient variability of FVMC scores among children
at each age level (Kleinbaum, Kupper, Muller, & Nizam,
1998). Note that this is different from how split-half reliability
was determined for calculating confidence intervals. Children
with LI were not included in the computation of split-half
reliability for confidence intervals because reference data
were computed based only on children with TL. To determine
the concurrent criterion validity of FVMC, we computed the
correlation of overall FVMC scores and the raw scores of the
Recalling Sentences in Context subtest of the CELF-P (4- and
5-year-olds) or the Recalling Sentences subtest of the CELF-3
(6- to 9-year-olds). Note that, although Table 1 presents the
standard scores of these subtests for the ease of interpretation,
raw scores, rather than standard scores, of the subtests were
used for the correlation analysis. We chose these subtests as
the criterion measures because sentence recall/repetition has
been considered a task that taps expressive grammar and an
effective measure for identifying children with LI (Pawłowska,
2014; Semel et al., 1995; Wiig et al., 1992). Although FVMC
is a narrow measure of expressive grammar (Souto et al.,
2014), children’s performance on FVMC should be in con-
cordance with their performance on sentence recall/repetition.
Following Cohen (1988), we interpreted the correlation
coefficients as small (.1 < r < .3), medium (.3 < r < .5), or
large (r > .5) whenever appropriate.

To evaluate the diagnostic accuracy of FVMC, we
computed the sensitivity, specificity, and likelihood ratios
(Dollaghan, 2007). Likelihood ratios, in general, are less
affected by sample size than sensitivity and specificity.
Sensitivity refers to the extent to which a measure can
accurately identify children with LI. It was computed as
the percentage of children with LI who were also identified
as LI by FVMC. In contrast, specificity refers to the extent
to which a measure can accurately identify children with TL.
It was computed as the percentage of children with TL who
were also identified as TL by FVMC. Based on Plante and
Vance (1994), sensitivity and specificity levels between 80%
and 89% were considered acceptable, and sensitivity and
specificity levels at or greater than 90% were considered
good/preferred.

Likelihood ratios were computed from the levels of
sensitivity and specificity (Dollaghan, 2007). The positive
likelihood ratio (LR+) was calculated as the ratio of true
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LI to false LI (i.e., sensitivity/[1−specificity]). A higher LR+
value for a positive test result refers to a higher likelihood
that the positive result comes from a child with LI than from
a child with TL. In contrast, the negative likelihood ratio
(LR−) was calculated as the ratio of false TL to true TL
(i.e., [1−sensitivity]/specificity). A lower LR− value for a
negative result refers to a lower likelihood that the negative
result comes from a child with LI than from a child with
TL. According to Dollaghan (2007) and Geyman, Deyo,
and Ramsey (2000), an LR+ value of ≥ 10.00 or an LR−
value of ≤ 0.10 was considered as good/preferred, and
an LR+ value between 5.00 and 9.99 or an LR− value
between 0.11 and 0.20 was considered acceptable in this
study.

To compute sensitivity, specificity, and likelihood
ratios, empirically derived cutoff FVMC scores for a positive
result were first determined by using the receiver operating
characteristic (ROC) curve (Sackett, 1991) in the software
SigmaPlot 12.0 (Systat Software, Inc., 2011). The ROC
curve analysis plotted the true positive rate (i.e., sensitivity)
against the false positive rate (i.e., 1−specificity) for the
different possible cutoff FVMC scores (see Supplemental
Material S3 for an example of the ROC curve and cutoff
scores for all age groups). Thus, it automatically generated
pairs of sensitivity and specificity levels for a range of cutoff
FVMC scores. Following Sackett (1991), we chose the score
Table 2. Mean (SD) and range of descriptive measures by language status

Language status and age No. of C-units MLCU

Typical language
4-year-olds 68.06 (19.49)

39–151
6.97 (1.
4.44–8

5-year-olds 72.04 (21.23)
48–136

7.73 (0.
5.51–1

6-year-olds 71.64 (19.25)
50–129

7.59 (0.
5.10–1

7-year-olds 73.88 (18.46)
45–136

8.49 (1.
5.96–1

8-year-olds 78.70 (21.71)
49–146

8.70 (1.
6.73–1

9-year-olds 77.78 (24.08)
51–160

9.00 (1.
6.80–1

Language impairment
4-year-olds 58.00 (17.93)

33–106
5.18 (1.
3.12–6

5-year-olds 70.64 (22.29)
40–129

5.94 (1.
2.70–8

6-year-olds 73.63 (24.46)
52–129

7.04 (1.
5.50–8

7-year-olds 80.31 (44.07)
45–181

6.90 (1.
4.74–9

8-year-olds 73.94 (21.41)
46–124

7.20 (0.
5.83–8

9-year-olds 81.40 (38.48)
51–174

7.91 (0.
6.67–9

Note. No. of C-units = total number of C-units in the narratives; MLCUm
different words; No. of OC for FVMC = number of obligatory contexts for f

*The difference between children with and without language impairment at a
significant at the .01 level.
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that maximized the diagnostic accuracy, where sensitivity
plus specificity divided by 2 was largest, as the cutoff.
Results
Descriptive Analyses of Narrative Samples

Table 2 presents the descriptive measures from the nar-
ratives and the number of obligatory contexts for the
FVMC. Regardless of age, children with TL did not differ
significantly from those with LI in number of C-units,
F(1, 375) = 0.58, p = .45, d = 0.09. However, children with
TL produced significantly longer mean lengths of C-units,
more different words, and more obligatory contexts for
FVMC than those with LI (Fs ≥ 15.77, ps < .001, ds ≥ 0.41).
It should be noted that, although there was a significant
group difference, only two children with LI produced
fewer than 10 obligatory contexts for FVMC, one at age
4 and one at age 5 (see Table 2). Thus, we believe that chil-
dren with LI did produce sufficient obligatory contexts in
this study for the computation of FVMC. Table 2 also marks
the significant differences between the TL and LI groups in
these descriptive measures by age; Supplemental Material S4
further provides statistical comparisons (e.g., F values,
p values) regarding group differences in total number
of C-units, mean length of C-units in morphemes, number
and age.

m NDW No. of OC for FVMC

08)**
.96

130.32 (35.87)**
37–252

38.04 (14.09)**
6–89

97)**
0.22

141.40 (31.17)**
77–219

40.70 (15.74)*
5–109

97)
0.00

142.90 (29.74)*
94–225

45.64 (19.05)
19–106

15)**
0.96

154.84 (28.78)
90–228

53.24 (21.32)
19–108

07)**
1.08

172.94 (42.07)**
113–279

57.90 (22.07)*
20–117

07)**
1.18

172.06 (36.55)
112–315

62.80 (27.44)
23–166

37)
.89

84.25 (26.67)
43–140

25.25 (14.30)
6–48

35)
.05

113.36 (30.94)
47–168

30.86 (13.12)
5–61

05)
.50

123.45 (26.55)
89–179

41.36 (12.01)
27–60

30)
.12

135.62 (51.35)
84–267

40.77 (33.14)
17–143

81)
.62

141.47 (30.95)
99–202

43.18 (20.07)
21–82

91)
.32

164.20 (45.26)
120–262

51.70 (16.67)
29–80

= mean length of C-units in morphemes; NDW = number of
inite verb morphology composite.

given age level was significant at .05 level. **The difference was
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of different words, and number of obligatory contexts for
FVMC by age.

Age Differences in FVMC in Children
With and Without LI

Table 3 presents children’s performance on FVMC
by language status and age. A 2 (language status: TL vs.
LI) × 6 (age level: 4–9 years) ANOVA showed that there
was a main effect of language status on FVMC scores,
F(1, 365) = 243.12, p < .001, d = 1.63. There was also a
main effect of age level on FVMC scores, F(5, 365) = 16.15,
p < .001, d = 0.94. The main effects were further qualified
by a significant interaction effect, F(5, 365) = 6.15, p < .001,
d = 0.58.

To answer our research questions, we performed the
follow-up analyses in two ways. First, we evaluated the
age differences in FVMC scores within the TL and LI
groups separately. One-way ANOVAs showed that there
was a main effect of age levels for both the TL group,
F(5, 294) = 4.48, p = .001, d = 0.55, and the LI group,
F(5, 71) = 5.07, p < .001, d = 1.20. Post hoc Tukey tests
showed that, for children with TL, 4-year-olds produced
significantly lower FVMC scores than 7-, 8-, and 9-year-olds.
The difference in the mean FVMC scores between 4- and
9-year-old children who had TL was approximately 4.24%.
There were no other significant age differences within the
TL group. For children with LI, 4-year-olds produced sig-
nificantly lower FVMC scores than 8- and 9-year-olds. Five-
year-olds also produced significantly lower FVMC scores
than 9-year-olds. The difference in the mean FVMC scores
between the 4- and 9-year-old children who had LI was
approximately 36.30%. There were no other significant
age differences within the LI group.

Second, we evaluated the differences in FVMC be-
tween children with and without LI by age level. One-way
Table 3. Descriptive statistics of finite verb morphology composite (in perc
between-groups difference in finite verb morphology composite by age.

Language status and age M SD Range

Typical language
4-year-olds 94.50 8.23 50.00–100
5-year-olds 97.15 5.38 72.41–100
6-year-olds 97.55 3.10 88.00–100
7-year-olds 98.48 3.60 76.60–100
8-year-olds 98.45 2.05 90.91–100
9-year-olds 98.74 2.09 87.06–100

Language impairment
4-year-olds 56.98 25.17 22.22–100
5-year-olds 71.50 24.83 0–93.33
6-year-olds 79.58 18.29 45.16–97.92
7-year-olds 81.29 19.26 47.06–100
8-year-olds 88.09 17.78 26.09–100
9-year-olds 93.26 7.18 75.86–100

Em dashes indicate data not applicable. This is because standard errors o
children with typical language.
aSEM = standard error of measurement. bCI = confidence interval. cEffect
composite between children with and without language impairment by age
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ANOVAs showed that children with TL produced higher
FVMC than those with LI at each age level (Fs ≥ 18.14,
ps < .001), and the effect sizes were all large (ds ≥ 1.12;
see Table 3). However, the effect size was larger in younger
than in older children, meaning that the differences in FVMC
scores between the TL and LI groups decreased with age.
To ease the interpretation of this trend, we further plotted
children’s performance on FVMC by age and language
status in Figure 1. Table 3 also presents the 90% and 95%
confidence intervals for FVMC in children with TL by
age. In general, the 90% and 95% confidence intervals for
FVMC decreased with age.

Psychometric Properties of FVMC
Table 4 presents the correlation coefficients for the

split-half reliability and concurrent criterion validity by
age. The correlation coefficient for the split-half reliability
of FVMC was large between age 4 and age 8 (rs > .653,
ps < .001) and was medium for age 9 (r = .429, p < .001),
meaning that FVMC scores computed from Set A were
consistent with those computed from Set B between age
4 and age 9. Similarly, the correlation coefficient for the
concurrent criterion validity of FVMC was medium or
large between age 4 and age 9 (rs > .437, ps < .001), mean-
ing that children’s performance on FVMC was in concor-
dance with their performance (i.e., raw scores) on the
Recalling Sentences in Context subtest of the CELF-P
(ages 4 and 5) or the Recalling Sentences subtest of the
CELF-3 (ages 6–9).

Table 5 presents the indices of diagnostic accuracy
for FVMC. It should be noted that, given the small sample
size of children with LI per age group, the results here are
considered preliminary and need to be interpreted with
caution. Both sensitivity and specificity were good at age
4 and age 5 (range: 90%–100%). The sensitivity and
entage) by language status and age and the effect size for the

SEMa 90% CIb 95% CI Effect size (d)c

4.85 ± 7.95 ± 9.50 2.01
3.49 ± 5.72 ± 6.83 1.83
3.03 ± 4.97 ± 5.94 1.82
1.93 ± 3.17 ± 3.78 1.74
1.99 ± 3.26 ± 3.90 1.25
1.92 ± 3.15 ± 3.77 1.12

— — — —
— — — —
— — — —
— — — —
— — — —
— — — —

f measurement and confidence intervals were computed only for

size (d) = effect size for the difference in finite verb morphology
.
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Figure 1. The finite verb morphology composite by age and language status. Standard errors are represented in the figure by the error bars
attached to each column. TL = typical language; LI = language impairment.
specificity levels were acceptable or good at age 6 and age
7 (range: 82%–90%). However, the sensitivity and specific-
ity levels were poor or acceptable at age 8 and age 9 (range:
76%–80%). For example, at age 8, FVMC demonstrated a
sensitivity level of 76%, meaning that 24% of 8-year-old
children with LI in this study were not identified as LI by
FVMC. Similarly, at age 9, FVMC demonstrated a specificity
level of 76%, meaning that 24% of 9-year-old children with
TL in this study were not identified as TL by FVMC.

The likelihood ratios showed a similar trend about
the change of diagnostic accuracy across ages for FVMC.
With the empirically determined cutoff values, the LR+
and LR− values were both at the good level at age 4
Table 4. Split-half reliability and concurrent criterion validity in
correlation coefficients for finite verb morphology composite by
age.

Age Split-half reliability Concurrent criterion validitya

4-Year-olds 0.821b 0.693
5-Year-olds 0.653 0.564
6-Year-olds 0.842 0.437
7-Year-olds 0.826 0.579
8-Year-olds 0.781 0.470
9-Year-olds 0.429 0.481

aConcurrent criterion validity of finite verb morphology composite
was established by computing the correlation between finite
verb morphology composite and the raw score from the Recalling
Sentences in Context subtest of the Clinical Evaluation of
Language Fundamentals–Preschool (ages 4 and 5 years) or the
Recalling Sentences subtest of the Clinical Evaluation of Language
Fundamentals–Third Edition (ages 6–9 years). bAll correlation
coefficients were significant at the .001 level (one-tailed).
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and age 5. For example, the LR+ value was 15.28 at age
4, meaning that 4-year-olds with LI were 15.28 times
more likely to obtain a fail score (i.e., below the cutoff )
for FVMC than those with TL. The LR+ and LR− values
were both at the acceptable level at age 6 and age 7. How-
ever, the LR+ and LR− values were at the poor level at
age 8 and age 9.
Discussion
This study provided reference data and evaluated

psychometric properties for FVMC in children between 4
and 9 years of age from the ENNI database. Using one
single language sampling protocol consistently across the
age levels, we found that FVMC revealed age-related changes
in the TL and LI groups. FVMC also demonstrated appro-
priate psychometric properties, except for its diagnostic
accuracy. We explore these findings below.
FVMC Increased Between Age 4 and Age 9 Years
in Children With and Without LI

In this study, children’s FVMC score increased sig-
nificantly between age 4 and age 9 in the TL and LI groups.
Although significant, the magnitude of change in the TL
group was much smaller (4.24%) than that in the LI group
(36.30%), possibly because children with TL had reached
the customary level of mastery (i.e., 90% accurate) for
FVMC at age 4 in this study. Consequently, the gap in
FVMC scores between children with and without LI be-
came smaller between age 4 and age 9, which was further
evidenced in the effect sizes. These findings were consistent
Guo et al.: Psychometric Properties of FVMC 11
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Table 5. Indices of diagnostic accuracy for finite verb morphology composite by age using the cutoff score from the receiver operating
characteristic curve analysis.

Age level Cutoff Sensitivitya Specificity Overall accuracy LR+b LR−

4-Year-olds 83.77% 92%** (11/12) 94%** (47/50) 94% (58/62) 15.28** 0.09**
5-Year-olds 93.46% 100%** (14/14) 90%** (45/50) 92% (59/64) 10.00** < 0.01**
6-Year-olds 93.50% 82%* (9/11) 90%** (45/50) 89% (54/61) 8.18* 0.20*
7-Year-olds 96.64% 85%* (11/13) 86%* (43/50) 86% (54/63) 6.14* 0.18*
8-Year-olds 97.50% 76% (13/17) 80%* (40/50) 79% (53/67) 3.82 0.29
9-Year-olds 97.85% 80%* (8/10) 76% (38/50) 77% (46/60) 3.33 0.26

aFor the columns of sensitivity/specificity, a single asterisk indicates that sensitivity/specificity of a given measure reaches the acceptable
level of accuracy, that is, 80% accuracy (Plante & Vance, 1994). Double asterisks indicate that sensitivity/specificity of a given measure
reaches a good or preferred level of accuracy, that is, 90% accuracy. The numbers within the parentheses indicate the number of children
who are correctly classified; for example, nine of eleven 6-year-olds with language impairment were correctly classified by the finite verb
morphology composite. bLR+ = positive likelihood ratio; LR− = negative likelihood ratio. For the columns of LR+/LR−, a single asterisk
indicates that the LR+/LR− of a given measure reaches the acceptable level, that is, an LR+ value between 5.00 and 9.99 or an LR− value
between 0.11 and 0.20 (Dollaghan, 2007; Geyman et al., 2000). Double asterisks indicate that the LR+/LR− of a given measure reaches the
good level, that is, an LR+ value at or above 10.00 or an LR− value at or below 0.10.
with our predictions and prior studies (Rice et al., 1998;
Souto et al., 2014).

Although this study was a cross-sectional study and
the age-related changes could not be directly used to infer
the development of FVMC over time, the data from children
with TL in this study can be compared to those in Rice et al.
(1998), a longitudinal study. Note that Rice et al. used a
different measure of tense usage and combined conversational
language samples and experimental probes to evaluate
children’s performance on tense usage. Despite the dis-
crepancy in methods between this study and Rice et al.,
children with TL in both studies showed comparable
levels of accuracy in using tense morphemes. For exam-
ple, by age 4, the mean FVMC score was 94.50% in this
study, and the mean tense composite score was 94.90%
in Rice et al. Similar findings were observed in Goffman
and Leonard (2000), as well. This study also showed that
the FVMC scores were not significantly different between
age 5 and age 9 in children with TL, indicating that those
children’s performance on FVMC was stable at this age
range. Together, the present and prior studies (Rice et al.,
1998; Souto et al., 2014) suggest that children with TL, as
a group, reach the customary level of mastery for tense
usage around age 4 and that their performance on FVMC
is stable after age 5.

Also similar to the children with LI in Rice et al. (1998),
children with LI in this study, as a group, performed below
the customary level of mastery for FVMC at age 8. The
mean FVMC score for 8-year-olds with LI in this study
was 88.05%, and the mean tense composite score for those
in Rice et al. was 89.20%. This study expanded on the previ-
ous studies by showing that children with LI, as a group,
produced FVMC at the customary level of mastery (93.26%)
by age 9. This shows that tense usage in children with LI
does not plateau at age 8 years but rather continues to in-
crease. However, we are not claiming that children with LI
tended to grow out of the tense morpheme deficits by age
9. After all, children with LI still produced significantly
lower FVMC scores than those with TL (i.e., below age
12 Language, Speech, and Hearing Services in Schools • 1–16
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expectation) at age 9, which further supports the hypothesis
that tense morpheme deficits are a phenotypic marker for
English-speaking children with LI (Rice et al., 1998). We
do not have evidence indicating whether or when children
with LI will close the gap with those with TL on FVMC
computed from a narrative generation task. Even if children
with LI do close the gap at older ages, this might only mean
that FVMC computed from this type of language sampling
protocol is not sufficiently sensitive for documenting contin-
ued tense morpheme deficits in individuals with LI at older
ages (Poll, Betz, & Miller, 2010). That is, although tense
morpheme deficits could be a phenotypic marker for English-
speaking children with LI, we should not expect that a single
measure for tense morphemes (e.g., FVMC) would be able to
identify children with LI at all ages. Different tasks tapping
knowledge of tense morphemes would be needed in order
to identify older children with LI (e.g., Poll et al., 2010).

FVMC Exhibited Appropriate Psychometric
Properties Between Age 4 and Age 9 Years,
Except for Its Diagnostic Accuracy

In this study, we evaluated three psychometric proper-
ties for FVMC computed from the ENNI database. First,
we found that FVMC showed appropriate split-half reliability
(i.e., internal consistency). This was evidenced in the result
that FVMC scores from Story Set A were significantly
correlated with those from Story Set B between age 4 and
age 9 with medium or large correlation coefficients. Sec-
ond, we found that FVMC showed appropriate concurrent
criterion validity. This was supported by the result that
FVMC scores were significantly correlated with raw scores
for the Sentence Recall subtest of the CELF-P/CELF-3, a
measure of expressive grammar, between age 4 and age
9 with medium or large correlation coefficients. The find-
ing further suggests that FVMC and Sentence Recall tap
related but distinct aspects of expressive grammar and
are not redundant to each other. Third, we found that FVMC
yielded good diagnostic accuracy for 4- and 5-year-olds and
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acceptable diagnostic accuracy for 6- and 7-year-olds. The
current findings were comparable to those in Souto et al.
(2014), which found that FVMC showed good diagnostic
accuracy for both 4- and 5-year-olds. Despite the discrepan-
cies in methodologies, our findings were also consistent
with those in Rice and Wexler (2001), which found that
the TEGI showed acceptable to good diagnostic accuracy
from 3;6 to 6;11. In concert with this study, Rice and Wexler
also found that the TEGI showed acceptable sensitivity for
age 7, although specificity was not reported. Thus, this
study extended the previous study by demonstrating that
FVMC, a tense measure, had acceptable specificity for age
7 when sensitivity was considered at the same time. On
the other hand, we found that the diagnostic accuracy of
FVMC was unacceptably low for 8- and 9-year-olds. For
example, the sensitivity of FVMC was below the acceptable
level for age 8, a finding at odds with that in Rice and
Wexler (2001). The gradient downward change of diagnos-
tic accuracy for FVMC between 4 and 9 years of age pos-
sibly resulted from the decreasing group differences and
hence increasing overlap in FVMC scores between children
with and without LI over time. Together, the results from
the age-related changes and the psychometric properties
collectively suggest that FVMC computed from the ENNI
protocol is reliable and valid between age 4 and age 9 and
could be used for identifying children with LI between age
4 and age 7.

Given the poor diagnostic accuracy for FVMC at
age 8 and age 9 in this study, one could argue that the
ENNI protocol may not be appropriate for diagnostic
purposes at age 8 or age 9. It is possible that the ENNI pro-
tocol is not challenging enough for children at age 8 or age
9. Thus, clinicians may need to use a different narrative
protocol with attested diagnostic accuracy for identifying
children with LI at age 8 or older (e.g., Test of Narrative
Language–Second Edition; Gillam & Pearson, 2017). How-
ever, one could also argue that the ENNI protocol may still
be used for diagnostic purposes at age 8 and age 9 years but
that a different measure should be computed because this
measure might be more sensitive to LI than FVMC at
age 8 or age 9. In fact, in our other study (Guo, Eisenberg,
Schneider, & Spencer, 2019), we examined the psychometric
properties of another measure computed from the ENNI
database—percent grammatical utterances (PGUs). We
found that PGU demonstrated acceptable to good diag-
nostic accuracy from age 4 to age 9. Thus, we believe
that the ENNI protocol can still be used for diagnostic
purposes at age 8 and age 9 if a different measure such as
PGU is used.

Limitations
By taking advantage of the existing normative sample

from the ENNI, we face limitations that must be considered.
First, we had a small number of children with LI at each
age level because the ENNI authors attempted to avoid
overrepresenting children with LI in the normative sample
(see Schneider et al., 2006, for further discussion). One
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problem of having a small number of children with LI is
that the differences in sensitivity between age levels could
have been overinterpreted, although we sought to address
this issue by including likelihood ratios as additional indices
for evaluating the diagnostic accuracy of FVMC because
these were less affected by sample size. For example, we had
10 children with LI in the 9-year-old group. Misclassification
of one child with LI could lead to a 10% difference in the
sensitivity level. In addition, although FVMC misclassified
two children with LI at both age 6 and age 9, the sensitiv-
ity was 85% at age 6 and 80% at age 9 simply because we
had more children with LI at age 6. A related issue is that
this study was a two-gate, rather than one-gate, design be-
cause we preselected children with TL and those with LI
for evaluating the diagnostic accuracy of FVMC instead
of testing a large, unselected group of children (Dollaghan &
Horner, 2011). One potential problem of a two-gate design
is that diagnostic accuracy may have been inflated relative
to a one-gate design. Because of the nature of the design
and the small number of children with LI, the present inves-
tigation could only be viewed as an early-phase study for
the diagnostic accuracy of FVMC (Dollaghan & Horner,
2011). Therefore, the diagnostic accuracy for FVMC in
this study was preliminary. Future one-gate studies that in-
clude a large number of participants are needed in order to
verify the current findings.

Second, information about children’s nonverbal in-
telligence was not available in this study because it was not
collected for the normative sample of ENNI. However,
our findings were comparable to those in the studies that
screened children for their nonverbal intelligence (e.g., Rice
et al., 1998). Similarly, we were not able to obtain the infor-
mation about whether children with LI also had concomi-
tant speech disorders, motor delays, or ADD/ADHD (with
medication). The information regarding the proportion of
children who were exposed to a language other than English
was also not documented in the normative sample of ENNI.
The lack of information regarding the presence/absence of
concomitant disorders and children’s language background
could limit the generalizability of the current findings to
those who clearly do not have any of these disorders or
those who are exposed only to English. On the other hand,
one could argue that the current findings may still be applica-
ble to the clinical population who are likely to have similar
profiles to children with LI in this study.

Clinical Implications and Applications
Given the current findings, clinicians may use FVMC

computed from the ENNI protocol as part of a diagnostic
battery for children between age 4 and age 7 who are sus-
pected of LI. For example, some work settings mandate
the use of prescriptive cutoffs (e.g., −1.25 SD, −1.5 SD)
to determine the eligibility for speech-language services. In
such cases, the means and standard deviations for children
with TL from this study can be used for calculating the
z scores (i.e., number of standard deviations from the
mean) needed to make diagnostic decisions. Supplemental
Guo et al.: Psychometric Properties of FVMC 13
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Material S5 provides a calculation template for clinicians to
convert FVMC raw scores to z scores. To demonstrate, con-
sider a 6-year-old child from a state that uses −1.5 SD as the
cutoff to determine the eligibility for speech-language service.
If the child produces an FVMC score of 72.12% in the ENNI
protocol, we can use the reference data to compute his z score
for FVMC, which would be −8.20 (i.e., [72.12%−97.55%]/
3.10% = −8.20). This z score could be considered as one
piece of evidence suggesting that this child is eligible for
therapy. Other pieces of evidence may come from parent/
teacher rating/interview (i.e., whether parents or teachers
have concerns about the child’s language skills) and stan-
dardized tests because the diagnosis of LI must consider both
environmental and norm-referenced expectations (Bishop
et al., 2016; Paul et al., 2018).

At this point of time, there is no trustworthy evidence
indicating that FVMC computed from narratives samples
can be used for identifying LI in children who are 8 years
old or older. However, this does not necessarily mean that
clinicians should not evaluate FVMC for children who are
8 years old or older. Given that tense deficits are a hallmark
of children with LI, some children with LI who are 8 years
old or older may still show difficulty using tense morphemes
in spoken discourse. If production of tense morphemes is
the treatment goal, FVMC could be computed to monitor
treatment progress for children aged 8 years and older as
well as for younger children. When FVMC is used for this
purpose, the upper limits of the 90% or 95% confidence
intervals from this study could be used to determine whether
a child makes clinically significant progress in FVMC
(McCauley & Swisher, 1984).

As an example, consider a 4-year-old with LI who
has an FVMC score of 68.24% from the ENNI protocol
before treatment. Using the value of 95% confidence interval
from this study (i.e., ± 9.50%), the clinician estimates that
the child’s true FVMC score falls between 58.74% (lower
limit) and 77.74% (upper limit; see Supplemental Material S5
for a calculation template for all ages). After the treatment,
this child achieves an FVMC score of 74.59%. Although
the FVMC score improves from pre- to posttreatment, the
posttreatment FVMC score does not exceed the upper limit
of the pretreatment FVMC score (i.e., 77.74%), and there-
fore, the improvement would not be considered clinically
significant (Gillam et al., 2008).

Concluding Thoughts
In a recent survey, Finestack and Satterlund (2018)

found that more than 25% of the clinicians in their study
reported to use the type–token ratio, a vocabulary measure
from language samples, to monitor progress for grammatical
treatment. The use of type–token ratio for this purpose,
indeed, goes against evidence-based practice. This finding
suggests that valid grammatical measures are critically needed
for clinicians to document treatment progress. This study
addressed this need by providing the reference data for
FVMC, a grammatical measure evaluating children’s skills
in producing tense and agreement morphemes. In addition
14 Language, Speech, and Hearing Services in Schools • 1–16
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to documenting treatment progress, we also demonstrated
that FVMC was reliable and valid and could be used for
identifying children with LI from preschool to early elemen-
tary school ages (i.e., up to age 7). FVMC was, however,
not an appropriate for identifying children with LI who
were 8 years old or older due to limited psychometric prop-
erties (i.e., diagnostic accuracy). With the reference data
and psychometric properties for FVMC, we hope this
study would shed light on the clinical value for language
sample analysis, in general, and for FVMC, in specific.
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