I nstructionsto Contributors
Dear Contributor:

Enclosed in this document please find the page proofs, copyright transfer agreement (CTA), and offprint
order form for your article in the Seminarsin Speech and Language, Volume 37, Number 2, 2016. Please
print this document and complete and return the CTA and offprint order form, along with corrected proofs,
within 72 hours.

1)  Please read proofs carefully for typographical and factual errors only; mark corrections in the
margins of the proofs in blue or black pen; please be sure to write as clearly as possible so no errors
are introduced into your article. Answer (on the proofs) all author queriesmarked in themargins
of the proofs. Check references for accuracy.Please check on the bottom of the 1st pageof your
article that your titles and affiliations are correct. Avoid elective changes, because these are
costly and time consuming and will be made at the publisher’s discretion.

2)  Please pay particular attention to the proper placement of figures, table s, and legends. Please provide
copies of any formal letters of permission that you have obtained.

3) Pleasereturn the corrected proofs, signed copyright transfer agreement, and your offprint
order form.

4)  Asacontributor to this journal you will receive a complimentary PDF file of the article after
publication.

If you wish to order offprints, please circle the quantity required (left column) and the
number of pagesin your article. If you wish to order copies of the journal please enter the
number of copies on the indicated line.

- If you do not want to order offprints or journals simply put a slash through the form, but please
return the form.

Pleasereturn all materialswithin 72 hours. E-mail isthe easiest way to ensureyour correctionsare
received in atimely manner. You may also return materials via fax or overnight mail to:

Joycelyn Reid, Senior Production Editor
Thieme Medical Publishers
333 Seventh Avenue, 18th Floor
New York, NY 10001 USA
Phone: 212-584-4668
Fax: 212-947-1112
Email: joycelyn.reid@thieme.com

Please do not return yvour materials to the editor or the typesetter.

Please note: Due to a tight schedule, if the publisher does not receive the return of your article proofs
within 7 days of the date the e-mail was sent to you, the publisher reserves the right to proceed with
publication without author changes. Such proofs will be proofread by the editor and the publisher.

Thank you for your contribution to this journal.



Permission to Publish and Copyright Transfer Agreement

Manuscript Information:

Dear Author,
Seminars in Speech and Language
Journal:
Please
Manuscriot Title: Using Language Sample Analysis in Clinical — read this form carefully,
P ) Practice: Measures of Grammatical Accuracy for - check all Manuscript Information,
Identifvina Lanauaae Impairment in Preschool and - sign this form with your digital
signature and
Manuscript Number: - return to us.
Authors: Sarita Eisenberg, Ph.D. Ling-Yu Guo Thank you very much in advance.

Corresponding author’s

Sarita Eisenberg, Ph.D., Department of
contact data:

Communication Sciences and Disorders, Montclair
State University, 1515 Broad Street, Bloomfield, NJ
07003

Corresponding author’s . . .
e-mail address: eisenbergs@mail.montclair.edu

Contact at the publishers: ~ Joycelyn Reid

E-mail address at
the publishers: joycelyn.reid@thieme.com

Assignment of Rights

We - the Thieme Publishing Group - do not accept any manuscript for publication in a journal that has previously been
published elsewhere.

Your consent to the following assignments of rights, also on behalf of the other authors (if several authors contribute to the
manuscript), and the signing of this Copyright Transfer Agreement is a necessary requirement for the publication of your
manuscript.

Upon acceptance of your manuscript by us you assign to us (on behalf of all authors), without geographical or language
restriction and for the duration of the legal copyright term, the rights to use your article, for all print runs/updates,
including the rights to:

- reproduce and distribute copies of the article in printed form (e.g., in a periodical or journal, medical textbook or other
target group oriented book, paperback book, special edition for secondary markets or special customers, brochures,
advertising supplements, edited volumes, etc.);

- reproduce and distribute the article in electronic media formats (e.g., magnetic tape, CD-Rom, CDI, DVD, electronic
paper, hardware RAM, hard-disk, USB memory stick) and make available to the public (e.g., internet, intranet or other
wired or wireless data networks), in particular by displaying on stationary or mobile visual display units, monitors, PDA,
mobile phones, smart phones or other devices by download (e.g., e-pub, PDF, App) or retrieval in any other form;

- publish ourselves or to authorize the publication of excerpts in other works or articles, in audio-visual accompanying

materials or interactive products or services, and including the transfer of rights of use to third parties (e.g., under the
terms of licensing agreements);

°
to download Acrobat Reader: click the button @ I I I 1 e I I l e



June 2014

- translate, transfer and process into other languages or versions (e.g., podcast, audiobook or other image and sound
carriers), broadcast by means of television, cable or satellites, radio or other audio-visual media, to rent out and lend,
store in an electronic archive and to use in any other type of format that may become known in the future and - where
applicable - for all other rights protected by organizations assessing and/or collecting fees for copyright use. Furthermore
you assign to us all statutory royalty claims under relevant law insofar we mandate an organization to administer such
rights for publishers and authors; we accept the assignments.

Any adaptions, if appropriate for the exercise of the rights of use granted to us, shall be processed by us.
Please forward any inquiries that are addressed to you regarding the above-mentioned rights of use for our attention and
response.

Open Access | Repositories

The rights of use are assigned to us exclusively - subject to your rights in accordance with our Open Access Guidelines.

Our Open Access Guidelines state that immediately after the publication of the article by us, you and the other authors are
entitled to make the published version of the article available to the public on your homepage and on the homepage of
your institution for your own scientific and other non-commercial purposes. Twelve months after publication by us, you and
the other authors are entitled to make the accepted manuscript version available to the public on other non-commercial
websites, provided that you make full reference to the published version (“Green Open Access”). For further details please
click the button “Information on Green Open Access.”

For more Information on our Open Access Program please visit http://open.thieme.com.

Duties of care

Product liability laws set high standards for your duty of care as the author of a scientific manuscript. This is especially the
case when you give therapeutic information and/or specify doses. Therefore please check this information carefully in the
typeset page-proofs of your article. Your task will be much easier if you have the information counterchecked — depending
on the sensitivity of the information within the article - by specialist colleagues. Only you, as the author, have the specialist
knowledge to be able to assess the accuracy of the information. For further information on how to indicate corrections,
please click the button “Correction markup symbols”.

Author’s Declaration

I have taken note of the information on the duties of care under product liability law; | agree to the assignments of rights
in accordance with the foregoing sections “Assignment of Rights” and “Open Access [ Repositories” also on behalf of the
other authors (if several authors have contributed to the article).

| declare that no third party rights will be infringed through the publication. Any material contained in the manuscript
(including illustrations, tables, or other material) from third-party sources will be identified as such through citation, indica-
ting the source. If required, | have obtained the copyright permission from the publishers concerned.

The above-mentioned assignments of rights also relate to the illustrations in your manuscript. We do not accept any
illustrations for which it has not been granted all rights of use in accordance with this contract.

Should one of the foregoing regulations be or become invalid in whole or in part this shall not affect the validity of the
other provisions. Any invalid provision shall be replaced by a regulation that comes as close as possible to the purpose of

the invalid provision in economic terms, insofar as legally permissible.

This article is ready to print after the execution of the corrections indicated by me.

)<

Date igital Signature

=2 2

10) 43\
ACCESS

Information on
Green Open Access

4

»,

Correction markup
symbols

' ’.%
Information on the
digital signature

Thieme



Order Form for Offprints and additiona copies of the Seminars in Speech and Language
(Effective January 2013)

Please circle the cost of the quantity/page count you requir e (orders must bein increments of 100)

Pages in Article / Cost

Quantity 1 to 4 51to 8 9 to 12 13to 16 17 to 20
100 $298 $497 $746 $968 $1,158
200 $397 $646 $970 $1,258 $1,495
300 $496 $798 $1,198 $1,568 $1,869
400 $549 $886 $1,330 $1,735 $2,075
500 $598 $966 $1,450 $1,886 $2,262

1000 $1,076 $1,739 $2,610 $3,385 $3,995

Volume/lssue #: Page Range (of your article):

Article Title:

MC/Vissl AmEx No: Exp. Date:

Signature;

Name:

Address:

City/State/Zip/Country:

Corresponding author will receive acomplimentary PDF of the article after publication.

Number of additional copies of the journal, at the discounted rate of $25.00 each;

Notes

1. The above costs are valid only for orders received before publication of theissue. Reprintsordered after
printing will be substantially mor e expensive.

2. A shipping chargewill be added to the above costs.
3. Reprints are printed on the same coated paper as the journal and saddle-stitched.
4. For larger quantities or late orders, please contact reprints department: ~ Phone: +1(212) 584-4662

Fax: +1(212) 947-1112
E-mail: reprints@thieme.com




106

Using Language Sample Analysis in Clinical
Practice: Measures of Grammatical Accuracy

for Identifying Language Impairment in
Preschool and School-Aged Children

Sarita Eisenberg, Ph.D." and Ling-Yu Guo?

ABSTRACT

This article reviews the existing literature on the diagnostic
accuracy of two grammatical accuracy measures for differentiating
children with and without language impairment (LI) at preschool
and early school age based on language samples. The first measure,
the finite verb morphology composite (FVMC), is a narrow grammati-
cal measure that computes children’s overall accuracy of four verb tense
morphemes. The second measure, percent grammatical utterances
(PGU), is a broader grammatical measure that computes children’s
accuracy in producing grammatical utterances. The extant studies show
that FVMC demonstrates acceptable (i.e., 80 to 89% accurate) to good
(i-e., 90% accurate or higher) diagnostic accuracy for children between
4;0 (years;months) and 6;11 in conversational or narrative samples. In
contrast, PGU yields acceptable to good diagnostic accuracy for children
between 3;0 and 8;11 regardless of sample types. Given the diagnostic
accuracy shown in the literature, we suggest that FVMC and PGU can
be used as one piece of evidence for identifying children with LI in
assessment when appropriate. However, FVMC or PGU should not be
used as therapy goals directly. Instead, when children are low in FVMC
or PGU, we suggest that follow-up analyses should be conducted to
determine the verb tense morphemes or grammatical structures that
children have difficulty with.

KEYWORDS: Finite verb morphology composite, percent
grammatical utterances, diagnostic accuracy, language sample
analysis
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Learning Outcomes: As a result of this activity, the reader will be able to (1) analyze a language sample for
finite verb morphology composite; (2) analyze a language sample for percent grammatical utterances; and (3)
comment on the relevance and validity of these measures for identifying language impairment, selecting

goals, and measuring treatment outcome.

Identifying the presence of a language
disorder can be challenging, particularly for
children with a primary language impairment
(LI) who have milder degrees of impairment.
Although this clinical decision is typically based
on norm-referenced standardized tests,'
several studies have concluded that quantitative
language sample analysis (LSA) measures may
be more accurate for identifying LI than tests.*”

Not all LSA measures, however, can be used
for identifying LI. To be valid for this purpose,
LSA measures must have certain psychometric
properties.6 One such property is reliability, which
measures whether the same performance would
be obtained under different conditions (e.g.,
different sample types, different sample lengths)
and with repeated administrations. Another
property is diagnostic accuracy, defined as the
ability of the assessment to correctly identify both
children with LI (i.e., sensitivity) and children
with typical language (TL; ie., specificity).
According to Plante and Vance,” a 90% level
for both sensitivity and specificity is considered
good and an 80 to 89% level is considered
acceptable diagnostic accuracy for differentiating
children with and without LI. An additional
property important for clinical application is the
availability of normative data and an empirically
determined cutoff score for interpreting
performance.

In this article, we focus on two measures of
grammatical accuracy that are computed from
language samples—a finite verb morphology
composite (FVMC) and percent grammatical
utterances (PCU). We will first describe each
measure and how it is calculated. We will then
review studies about diagnostic accuracy, reli-
ability, and interpretation.

FINITE VERB MORPHOLOGY
COMPOSITE

FVMC measures usage of grammatical mor-
phemes that mark verb tense and agreement

(henceforth referred to as verb tense mor-
phemes). The motivation for this measure
comes out of studies documenting that children
with LI tend to have particular and persisting
difficulty learning and consistently using verb
tense morphemes.g_12

Computing Finite Verb Morphology
Composite
Rather than separately calculating usage frequen-
cy for individual verb tense morphemes, FVMC
computes the overall percentage of correct use in
obligatory contexts of third-person singular pres-
ent -5, regular past tense -ed, and copula and
auxiliary e (i.e., am, are, is, was, were) with a
single measure. It should be noted that FVMC
does not include the infinitive form of e (e.g., 1
will Ze happy; she wants to be a teacher), present
participle form of e (e.g., she is being difficult),
past participle form of Ze (e.g., she has deen very
helpful), or gerund form of Ze (e.g., being a student
is fun) in the analysis. This is because those forms,
by definition, do not mark tense in English.7’13’14

FVMC does not count all morphemes that
mark tense in English. For example, FVMC does
not include auxiliary do (e.g., what do you like)
even though this morpheme is included in
another measure of tense usage (i.e., Rice and
colleagues’ tense compositen). FVMC also does
not include auxiliary Aave (e.g., he Aas studied for
3 hours), irregular past tense (e.g., he ran away), or
irregular third-person singular present tense (e.g.,
he Aas a book). Finally, FVMC does not include
present tense verbs with first-person, second-
person, or plural subjects (e.g., Iyou/we/they/the
dogs like cakes) in the analysis. In those contexts,
the verbs are marked with tense covertly and do
not require the use of third-person singular
present -s, regular past tense -ed, copula e, or
auxiliary Je.

There are several steps for computing
FVMC. Step 1 involves identifying the obliga-
tory contexts for use of the four target verb tense
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morphemes. Step 2 involves coding uses and
nonuses of the morphemes within those oblig-
atory contexts. The number of correct uses of
the four verb tense morphemes is divided by the
total number of obligatory contexts and the
resultant quotient is multiplied by 100 to obtain
a percentage.

IDENTIFYING OBLIGATORY CONTEXTS
Obligatory contexts are identified by looking
for instances in which verb tense morphemes
are required for the utterance to be grammatical
and match the situational context. Uses of verb
tense morphemes that are not required are not
counted as obligatory contexts and are, there-
fore, excluded from the FVMC analysis. This
means that overgeneralizations of regular past
tense -ed or third-person singular present -s
with irregular verbs (e.g., eated, dranked, haves)
are excluded from the FVMC analysis. This
also means that overuses of third-person singu-
lar present -s with plural subjects (e.g., the boys
plays) are excluded from the FVMC analysis.

Verb forms that occur without a preceding
subject are also excluded from the FVIVIC analysis
because verb tense marking is only obligatory
when there is a sentence subject. The utterances
in Table 1 are all missing subjects. Note that
sentence subjects are required in English. How-
ever, it is pragmatically allowable to omit the
sentence subject when the referent for that subject
is recoverable from the previous utterance and
therefore redundant in the discourse,'® as shown
in utterance 1. In this utterance, the subject I was
omitted and therefore the auxiliary a7 was not
required. Thus, this child utterance would be
excluded from the FVMC analysis as it does
not provide an obligatory context for use of a
verb tense morpheme.

In utterances 2 and 3, nonproduction of the
sentence subject is ungrammatical because the
examiner’s prior question obligated a full

Table 1 Subjectless Utterances

1. Examiner: What are you doing?
Child: Making a tower.

2. Examiner: What happened?
Child: Walk there.

3. Examiner: What happened?
Child: Walked there.

sentence response. However, the lack of a
subject in both utterances means that use of
the past tense morpheme -edis not required and
both utterances would be excluded from the
FVMC analysis. Note that utterance 3 also
demonstrates an overuse of the past tense
morpheme (i.e., use in a context that does not
make the morpheme obligatory), which pro-
vides another reason for excluding this utter-

ance from the FVMC analysis.

CODING USES AND NONUSES

For each obligatory context, morphemes are
coded as accurate use (e.g., the boys are sleeping,
to talk about an ongoing current action), omit-
ted (e.g., the boys @ sleeping [note: the symbol
@ indicates the omission of a morpheme]), or
inaccurate use (e.g., the boys s sleeping, involv-
ing an agreement error for number; the boys are
sleeping yesterday, to talk about a past action
and thus involving an error in time reference).
FVMC is computed by dividing the number of
accurate uses by the number of obligatory
contexts and then multiplying by 100.
(See Appendix 1 for an example.) Note that
overgeneralizations and overuses of regular
third-person and past tense and nonuse of
verb tense morphemes in subjectless utterances
do not get counted as errors in the FVMC
calculation because they are excluded from the
FVMC analysis from the outset.

Diagnostic Accuracy of Finite Verb
Morphology Composite

Across the studies we reviewed, the mean FVMC
reported for children with TL was 90% or higher
with little variability (standard deviation [SD]
< 5%) so, for each study, we will report FVMC
only for the LI group. Although existing studies
consistently found a significant difference in
FVMC between children with LI and children
with TL, specificity and sensitivity were not
consistently in the good (i.e., 90 to 100%) or
even acceptable (i.e., 80 to 89%) range across the
studies.

The earliest study on the diagnostic accu-
racy of FVMC was conducted by Bedore and
Leonard." These authors investigated FVMC
based on play samples elicited from children
aged 3;7 (years;months) to 5;9. LI status was
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based on low (i.e., below age level) mean length
of utterance and a score lower than 1 SD below
the mean on an omnibus language test. Results
were reported separately in two experiments. In
experiment 1, mean FVMC for the LI group
was 49% (SD = 26%). Specificity was accept-
able (84%) and sensitivity was good (100%). In
experiment 2, mean FVMC for the LI group
was considerably lower (mean = 7%, SD
= 9%) than that in experiment 1, and both
specificity and sensitivity were good (100%).
The cutoff score used for group differentiation
was not specified. It should be noted that
children with LI in this study were pooled
together into one group and were not separated
by age.

Two other studies by Leonard and his
colleagues both focused on 4- and 5-year-old
children  separately using  conversational
satmpl(=,5.14’16 One of these studies used a broader
measure that also included auxiliary do in addition
to the four verb tense morphemes in FVMC.'®In
both studies, classification as LI was based on
scoring lower than 2.2 SD below the mean on a
standardized test of expressive grammar. Across
the two studies, mean FVMC in the LI group was
53 t0 56% (SD = 21 to 24%) for 4-year-olds and
65 to 68% (SD = 19 to 22%) for 5-year-olds.
Specificity and sensitivity were acceptable to good
(82 to 100%) for 4- and 5-year-olds across the two
studies. Only Gladfelter and Leonard reported
cutoft scores: 84% for 4-year-olds and 85% for 5-
yeaLr—olds.16

A study by Moyle et al looked at FVMC for
school-aged children between the ages of 5;5
and 9;8 without separating children by age.17
Classification as LI was based on intervention
status (i.e., receiving therapy at the time of the
study) and a score lower than 1 SD below the
mean on a standardized test of receptive vocab-
ulary or receptive grammar. Language samples
were elicited by asking children to describe a
fictional or personal experience and to explain
how to do something. Mean FVMC for the LI
group was 94% (SD = 6%). Specificity was
acceptable (86%) but sensitivity was poor
(only 50%). The cutoff score was not provided
and children were not separated by age.

Guo and Schneider also investigated
FVMC in school-aged children but provided
separate data for children who were 6 and 8 years

of age.'® LI status was based on referral from a
speech-language pathologist and a score lower
than 1 SD below the mean on at least one
composite score of an omnibus standardized
language test. These authors used narrative
samples based on picture sequences. Mean
FVMC for children with LI was 79% (SD
= 18%) for 6-year-olds and 88% (SD = 18%)
for 8-year-olds. For the 6-year-old group,
specificity was good (90%) and sensitivity was
acceptable (82%) at a cutoff score of 93%. For
the 8-year-old group, specificity was acceptable
(80%) but sensitivity was only fair (76%) at a
cutoff score of 97%.

There was also one study focusing only on
preschool children. Guo and Eisenberg inves-
tigated FVMC in 3-year-olds (3;0 to 3;11)
based on play samples."” All of the children
in the LI group were receiving therapy at the
time of the study or were subsequently enrolled
in therapy. Mean FVMC for the LI group was
79% (SD = 23%). At a cutoff of 95%, both
specificity (89%) and sensitivity (83%) were
acceptable. However, when children were
separated into younger (3;0 to 3;5) and older
(3;6 to 3;11) age groups, specificity dropped to
fair (75%) for the younger 3-year-olds
and specificity dropped to fair for the older 3-
year-olds.

In sum, FVMC showed at least acceptable
diagnostic accuracy for children aged 4 to 6 years
both for play (i.e., conversational) samples and
for narrative samples (see Table 2 for a summary
across studies). Above this age range, children
with LI have achieved a sufficiently high usage
level for verb tense morphemes so that FVMC
is insufficiently sensitive. Below this age range,
usage of tense morphemes is much more vari-
able across children, thus reducing diagnostic
accuracy for FVMC.

Reliability of Finite Verb Morphology
Composite

We know of only one study that looked at
reliability of FVMC as a function of sample
size. Guo and Eisenberg compared FVMC for
3-year-old children based on 100-utterance and
50-utterance samples elicited during play.2°%
Mean FVMC was not affected by sample size
for either group. That is, mean FVMC was 97%



110

SEMINARS IN SPEECH AND LANGUAGE/VOLUME 37, NUMBER 2 2016

Table 2 Specificity, Sensitivity, and Cutoff Scores for FVMC

E3

Study Age Sample Type Cutoff (%) Specificity (%) Sensitivity (%)

Guo and Eisenberg (2014)%* 3;0-3;11  Conversation 95 89 83
3;0-3;5  Conversation 95 75 100
3;6-3;11 Conversation 94 100 70

Gladfelter and Leonard (2013)" 4,0-4,6  Conversation 84 100 100
5;0-5;6  Conversation 85 93 92

Souto et al'* 16 4;0-4;6  Conversation NA 94-100 93
5;0-5;6  Conversation NA 93 82-91

Guo and Schneider (in press)'®*  6;0-6;11 Narrative 93 90 82
8,0-8;11 Narrative 97 80 76

Abbreviations: FVMC, finite verb morphology composite; NA, not applicable.
*FVMC calculation included auxiliary be, copula be, regular past -ed, and regular third-person singular -s.

TFVMC calculation also included auxiliary do.
*Year;month.

for the TL children and 79% for the LI children
for both sample sizes. This suggests that
FVMC could be calculated based on samples
of 50 utterances. However, sample size did
affect diagnostic accuracy. For 100-utterance
samples using a cutoff of 95%, specificity and
sensitivity were both acceptable (89 and 83%).
For 50 utterance samples using a cutoftf of 91%,
specificity was good (100%) but sensitivity was
poor (67%).

We found no studies that compared
FVMC across sample types. However, compar-
ing FVMC across studies shows no difference
in FVMC between conversation and narration,
suggesting that FVMC may be impervious to
sample type. We found no studies that looked at
temporal stability for FVMC.

Interpreting Finite Verb Morphology
Composite

As we noted previously, the reported FVMC for
children with TL was 90% or better even for 3-
year-olds at the group level. These data may seem
surprising in light of the growth trajectory
reported for verb tense marking in a longitudinal
study by Rice et al.!'! These authors observed a
sharp increase in verb morpheme usage after the
age of 3, starting around 50% usage and only
reaching a 90% usage level at age 4. There were,
however, several significant differences between
how verb tense usage was computed in Rice et al'*
and how FVMC was computed in other
studies.!1%1819 First, Rice et al included auxiliary

do in their calculation as well as the four mor-
phemes included in FVMC."" Second, they
included data from probes as well as from con-
versational speech. Third, they averaged seven
separate calculations of usage frequency for indi-
vidual morphemes and for different data types
rather than calculating a single usage frequency
based on obligatory contexts for all morphemes
combined.

As noted previously, only some of the
studies about FVMC reported cutoffs. Those
that did suggested high usage cutoffs of at least
849%.10181% Given the large wvariability in
FVMC by children with LI in those studies
(i.e., SDs > 18%), there will be some children
who score in the clinical range for verb tense
marking (i.e., who fall below the cutoff) who
nonetheless show sufficiently high usage of verb
tense morphemes. Verb tense usage would thus
not be prioritized as a therapy goal for these
children.

PERCENT GRAMMATICAL
UTTERANCES

PGU is a more comprehensive measure of gram-
matical accuracy than FVMC. The motivation for
this measure comes from studies that reported
errors by children with LI on aspects of grammar
other than verb tense marking. These include
argument omissions,”>*! production of fragments
when a complete sentence is required,* pronom-
inal form error,>** and omissions and incorrect
uses of other grammatical morphemes.zs’26
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Another motivation for this measure is the per-
sisting higher rates of grammatical errors pro-

duced by school-aged children with L1278

Computing Percent Grammatical
Utterances

There are several steps for computing PGU.
Step 1 involves identifying the analysis set, that
is, the set of utterances to be included in the
PGU analysis. Step 2 involves coding the utter-
ances that are ungrammatical. PGU is comput-
ed by first subtracting the number of
ungrammatical utterances from the total num-
ber of utterances that are included for the PGU
analysis to obtain the number of grammatical
utterances. The number of grammatical utter-
ances is then divided by the total number of
utterances that are included for the PGU
analysis and multiplied by 100 to obtain a
percentage. (See Appendix 2 for an example.)

UTTERANCE INCLUSION CRITERIA

Only utterances that require both a subject and
a verb are included in the PGU analysis. Utter-
ances with pragmatically omitted subjects (e.g.,
utterance 1 in Table 1) are excluded. However,
utterances for which subject omission would be
ungrammatical (e.g., utterances 2 and 3

in Table 1) are included.

CODING FOR GRAMMATICALITY

Computation of PGU involves judgments about
utterance grammaticality. Any utterance that has
even one grammatical error is coded as ungram-
matical. Although this judgment can be made
holistically, it can be helpful to first code for
specific types of errors. Eisenberg and colleagues
coded for the following error types: (1) production
of fragments when full clauses are obligated; (2)
argument errors; (3) pronoun errors; (4) verb form
errors; (5) errors on other grammatical mor-
phemes; and (6) other errors.?>?’ Examples of
these error types are provided in Table 3.

Diagnostic Accuracy of Grammaticality
Measures

Eisenberg and Guo investigated the diagnostic
accuracy of PGU for 3-year-olds based on a
picture description sample.lgq3 All of the

children in the LI group were receiving therapy
at the time of the study or were subsequently
enrolled in therapy. Mean PGU for the LI
children was lower than the mean for children
with TL (mean = 38%, SD = 12% versus
mean = 72%, SD = 12%). Specificity was ac-
ceptable (88%) and sensitivity was good (100%)
at a cutoff score of 58%.

Guo and Schneider further investigated
the diagnostic accuracy of PGU for 6- and 8-
year-olds based on narrative samples using
picture sequences.18 Mean PGU for the LI
group was lower than the mean for the TL
group (6-year-olds: mean = 64%, SD = 19%
versus mean = 91%, SD = 7%; 8-year-olds:
mean = 78%, SD = 15% versus mean = 95%,
SD = 3%). For 6-year-olds, specificity was
good (90%) and sensitivity was  acceptable
(82%) at cutoff score of 83%. For the 8-year-
olds, both specificity and sensitivity were ac-
ceptable (84 and 88%) at a cutoff score of 91%.

There is also diagnostic accuracy information
for another measure of grammaticality, percent
sentence point (PSP) based on Developmental
Sentence Scoring.QBO This measure is similar to
PGU but includes only utterances that have both
a subject and a main verb. That means that
ungrammatical sentences with an omitted subject
and/or an omitted main verb (usually the copula;
e.g., he @ at home) are excluded from the PSP
analysis in step 1 before utterances are judged for
grammaticality in step 2. PSP scores, conse-
quently, will be somewhat higher than PGU. In
addition to PGU, Eisenberg and Guo™® also
examined the diagnostic accuracy of PSP. Mean
PSP was 75% (SD = 11%) for children with TL
and 45% (SD = 11%) for children with LI
(compared with 72 and 38% for PGU).® At a
cutoft of 68%, specificity for PSP was acceptable
(82%), which was slightly lower than the speci-
ficity for PGU. Sensitivity for PSP was good
(100%), which was equal to that for PGU.
Souto et al looked at diagnostic accuracy
PSP in 4- and 5-year-olds based
on conversational samples.14 Mean PSP for
4-year-olds was 57 to 60% (SD = 14 to 24%)
in the LI group versus 91 to 92% (SD = 4 to
8%) in the TL group. Mean PSP for 5-year-
olds was 59 to 70% (SD = 9 to 18%) in the LI
group versus 92 to 93% (SD = 3 to 5%) in the
TL group. Both specificity and sensitivity

for
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Table 3 Error Types

Error Type Error Type®?

Examples”

Fragments

Argument errors  Subject omission
Object omission
Indirect object omission
Locative phrase omission
Prepositional object omission
Pronoun errors  Subject case error
Possessive case error
Reflexive case error
Gender error
Verb form errors Auxiliary be omission
Copula be omission
Modal do error
Bare verb
Overgeneralization
Overuse (agreement) error

E: What is happening in the picture?
C: A boy and two girls.

_ coming home from school.

The boy broke _.

They're giving _ a donut.

She's putting the boy _.

Him knock over _.

Her has dad's hat on.

A mom lost she seatbelt.

He can't get down by heself.

He got wet on her shoe (referring to same girl).
The mom _ pouring juice.

The cat _ stuck in the tree.

He don't get hurt.

The dog splash the water.

He taked it out.

The boys wants get the kitty down.

Morpheme errors Plural omission or overgeneralization The dad is raking up the leaf_.

Article omission or overuse
Participle omission or error
Preposition omission or error
Infinitive marker omission
Conjunction omission or error

Other errors Lexical error

Word order error

The firemans are coming out.

_catis on _tree. A water is coming out.

Papa is come_ to get her doll.

They're playing _ the leaf pile. The boy fall on the stool.
He wants _ get kitty down.

The mom is making breakfast _ put some juice in

the cup.

They're brooming.

She's washing the water with her hands.

*Underscore (_) represents an omission; italic represents an incorrect usage.

were good (93 to 100%) at each age level. The
cutoff score was not provided.

In sum, PGU showed at least acceptable
diagnostic accuracy for children aged 3 to 8 years
both for picture description samples and for
narrative samples. An alternative measure, PSP,
also showed at least acceptable diagnostic accuracy
for children aged 3 to 5 years for picture descrip-
tion and conversational samples (see Table 4 for a
summary across studies). Whether PSP would
show at least acceptable diagnostic accuracy

beyond age 5 has yet to be determined.

Reliability of Percent Grammatical
Utterances

We know of only one study that looked at
reliability of PGU as a function of sample size.

Eisenberg and Guo compared PGU for
longer and shorter samples for 3-year-old
children based on picture description sam-
ples.’! Sample size was based on the number
of pictures used to elicit the sample. PGU was
not affected by sample size. Mean PGU was
57% for both the longer samples (15 pictures,
~70 utterances) and shorter samples (7 pic-
tures, ~30 utterances), suggesting that PGU
can be calculated using smaller samples.
However, sample size affected the consistency
of clinical decision. Using a 58% cutoff,
overall agreement between longer and shorter
samples for clinical decisions (i.e., making
pass and fail decisions based on scores falling
above or below the cutoff) was good for pass
decisions (90%) but only fair for fail
decisions (77%).

Q2
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Table 4 Specificity, Sensitivity, and Cutoff Scores for PGU and PSP

Measure/Study Age Sample Type Cutoff (%) Specificity (%) Sensitivity (%)
PGU
Eisenberg and Guo (2013)%>  3;0-3;11 Picture description 58 88 100
Guo and Schneider (in press)'® 6;0-6;11 Narrative 83 90 82
Guo and Schneider (in press)'® 8:0-8;11 Narrative 91 84 88
PSP
Guo and Eisenberg (2013)22  3;0-3;11 Picture description 67 82 100
Souto et al (2014)™ 4;0-4;6  Conversation N/A 94-100 93-100
Souto et al (2014)™ 5:0-5:6 Conversation N/A 100 100

Abbreviations: N/A, not applicable; PGU, percent grammatical utterances ; PSP, percent sentence point.

*Year;month.

We found no studies that compared PGU
across sample types. We cannot make compar-
isons across studies because different sample types
were used with children at different ages. That is,
in the extant literature, PGU was based on picture
description for preschool children and narration
for school-aged children.®?** We know of no
studies that looked at temporal stability for PGU.

Interpreting Percent Grammatical
Utterances
Across studies, PGU and the suggested cutoff
scores for PGU varied as a function of both age
and sample type. This means that different
PGU cutoffs need to be used for older and
younger children and for different sample types.
In Eisenberg and Guo,® all of the
disagreements for pass/fail decisions were for
children who scored between 42 and 62% for
PGU. This suggests that we should be cautious
in applying a single point cutoff score to make
binary decisions. We use confidence intervals
for interpreting norm-referenced standardized
tests to take into account measurement error. >
Similarly, we want to construct score intervals
for interpreting criterion referenced assessment,
below which we can be certain about failing
decisions and above which we can be certain
about passing decisions.

USING LANGUAGE SAMPLE
ANALYSIS FOR OTHER PURPOSES
In our review, we have focused on use of FVIMC
and PGU for the purpose of identifying
children with LI. LSA measures are often

suggested for two other purposes—goal selection
and measuring treatment outcome.”>*®  Ho
ever, establishing the validity of these measures in
identifying LI does not establish their validity for
these two purposes. Rather, validity needs to be
separately evaluated for each purpose.6

Goal Selection
Children with LI show lower usage of verb
tense morphemes and lower grammaticality
than do children with TL. These would each,
therefore, seem to be reasonable goal areas for
language intervention. However, this does not
mean that the intervention goal would be an
increase in FVMC or PGU. FVMC is only one
possible measure of verb tense morpheme
usage. Similarly, PGU is only one possible
measure of grammaticality. To state these as
therapy goals would be to confuse a linguistic
property or construct with the means for mea-
suring that proper'cy.g‘3

A low score on FVMC might suggest that
further assessment of verb tense markers is war-
ranted. This assessment would
activities that would provide contexts for a variety
of verb tense morphemes. Note that this follow-
up assessment could include verb tense mor-
phemes that were not included in the FVMC
analysis, such as auxiliary do or irregular past tense.

A low score on PGU could be followed up
with activities to evaluate whether a child
produces various types of grammatical errors,
such as those listed in Table 3. Recall that we
suggest coding for error type as part of the PGU
analysis because this makes it easier to judge
utterances for grammaticality. This should not,

involve
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however, constrain potential goals to just those
errors produced during the PGU analysis. Fol-
low-up assessment should consider error types
that are not manifest within the sample used for
PGU as well as providing additional informa-
tion about error types that are demonstrated on
this sample.

Measuring Treatment Outcome
When assessing performance on treatment
goals, we want to know that any change is
real and important.** To establish that change
is important, we need to go beyond measures of
performance on the specific therapy targets and
use general language performance measures
that reflect a wider range of linguistic features.”®
Measures such as FVMC and PGU are useful
for this. However, we have to choose a general
language performance measure that is relevant
to the treatment goals. For instance, FVMC
might not be the best choice of outcome
measure if therapy focused on modal do or
irregular verb use, two aspects of verb tense
usage that are not included in this measure.
To establish that change is real requires
measures that are reliable. However, as noted
previously, there are no studies that have looked
at the temporal stability of FVMC or PGU.
Without such studies, we cannot know whether
increases in these measures over time reflect real
changes in knowledge and use of grammatical
features rather than random fluctuations in
performance. Without this evidence and in
light of the large SDs reported for children
with LI, clinicians should be cautious in inter-

preting small differences in FVMC and PGU.

CLINICAL IMPLICATIONS

Speech-language pathologists assess language
for a variety of purposes. The common clinical
assumption is that decisions about the presence
or absence of an LI must be based on norm-
referenced standardized tests and that LSA
should be used only for goal selection and
measuring outcome. We question this assump-
tion. Evidence suggests that LSA measures—
specifically quantitative measures of grammati-
cal accuracy such as FVMC and PGU—are
useful for identifying LI in preschool and early

school-aged children. We caution against in-
terpreting quantitative measures as therapy
goals in themselves. Rather, low performance
on these measures should be followed up with
descriptive analyses and probes to determine
therapy goals. Finally, although we believe it is
important that clinicians go beyond measuring
performance on individual therapy goals, we
also urge caution in interpreting these measures
when assessing treatment progress.
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Appendix 1 Sample FVMC Analysis

Utterance Obligatory context Accurate Not accurate
1. This _ for dinner. Yes Omitted copula
2. You knock _ the food down. Yes Omitted past tense
3. It's still hot. Yes Copula ‘s
4. Where _ | put this? No (auxiliary do not included
in FVMC)
5. And this is the crib. Yes Copula is
6. | stays in here cause No (overuse third-person singular) Copula is
this is the crib room. Yes
7. And this _ the highchair. Yes Omitted copula
8. They have to watch TV. No (plural subject does not
obligate third-person -s)
9. The baby sits in her chair. ~ Yes Third-person singular -s
10. And brother sit _ here. Yes Omitted 3rd person
11. The sister need/s a horse. Yes Third-person singular -s
12. Now her _ riding. Yes Omitted auxiliary

Abbreviation: FVMC, finite verb morphology composite.
Note: Number of obligatory contexts for verb tense morphemes included on FVMC: 10, FVMC = 50%.

Appendix 2 Sample PGU Analysis

Utterance Included Grammatical Error Type

1. The mom is so angry. Yes Yes

2. He go under the couch. Yes No Verb form

3. Make footprints.* Yes No Argument (subject omission)

4. Her give a donut to him. Yes No Pronoun, verb form

5. The mom driving. Yes No Verb form

6. The mom ask the sister “no more donuts.” Yes No Other (ask instead of tell); verb form
7. The mom washing dishes. Yes No Verb form

8. Him getting new cookie. Yes No Pronoun, verb form, morpheme (article)
9. The water's gonna spill on the floor. Yes Yes

10. Being quiet. Yes No Argument (subject omission)

Abbreviation: PGU, percent grammatical utterances.
*In response to examiner prompt, “The dog ate some of the cake and what’s going to happen next?”
Note: Number of utterances included on PGU: 10, PGU = 50%.
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