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Purpose: The mean length of children’s utterances is a valuable estimate of their early
language acquisition. The available normative data lack documentation of language
and nonverbal intelligence levels of the samples. This study reports age-referenced
mean length of utterance (MLU) data from children with specific language impairment
(SLI) and children without language impairments.

Method: Of the 306 child participants drawn from a data archive, ages 2;6-9;0
(years;months), 170 were in the SLI group and 136 were in the control group. There
were 1,564 spontaneous language samples collected, and these were transcribed
and analyzed for sample size and MLU in words and morphemes. Means, standard
deviations, and effect sizes for group differences are reported for MLUs, along

with concurrent |c|nguage and nonverbal inte"igence assessments, per 6-month
intervals.

Results: The results document an age progression in MLU words and morphemes
and a persistent lower level of performance for children with SLI.

Conclusion: The results support the reliability and validity of MLU as an index of
normative language acquisition and a marker of language impairment. The findings
can be used for clinical benchmarking of deficits and language intervention outcomes
as well as for comparisons across research samples.

KEY WORDS: spontaneous language analyses, children with SLI, mean length
of utterance, normative data, children’s language acquisition

ne of the most robust indices of young children’s language acqui-

sition is the number of words or morphemes in each of their

spontaneous utterances, conventionally described as the mean
length of utterance (MLU). The potential utility of this measure haslong
been recognized. Well before the advent of portable electronic devices to
record children’s utterances for later transcription, Margaret Morse
Nice (1925) regarded average sentence length to be “the most important
single criterion for judging a child’s progress in the attainment of adult
language” (p. 378). With portable tape recorders in hand, Roger Brown
(1973) and his colleagues developed new standards for transcription and
morphological analyses that established MLU as a benchmark for the
description of children’s emergent language abilities. The modern era of
computer-assisted methods of transcript analyses (MacWhinney, 2000;
Miller & Chapman, 1991) and machine calculation of MLU values has
greatly expanded the utilization of this measure as a language bench-
mark. The normative child language literature has embraced MLU as a
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way to benchmark the level of a child’s language acquisi-
tion to age expectations and to the linguistic competen-
cies associated with particular levels of MLU. A recent
electronic search for the phrase yielded 75,300 instances
in the available literature.

MLU is also a valuable index in investigations of
children with language impairments. In clinical appli-
cations, MLU is used to diagnose language impairments
in young children; impairment is often defined as an MLU
level one standard deviation or more below the mean for
the child’s age level (Eisenberg, Fersko, & Lundgren,
2001). An expert panel recently recommended that MLU
be used as a benchmark for cross-study comparisons of
language intervention outcomes for children with autism,
as one of several potential outcome measures (Tager-
Flusberg et al., 2009). MLU has been used as a matching
variable in many studies of clinical groups. The inter-
pretation focuses on the potential value of controlling for
general language levels, indexed by MLU, and examin-
ing whether other linguistic processes or competencies
are equivalent, to determine whether there are distinc-
tive profiles of language impairments across different
clinical groups (such as Down syndrome versus Williams
syndrome, for example) or whether there is a delayed,
generally immature linguistic system versus a generally
immature linguistic system plus selective areas of lin-
guistic deficits. An example of the latter kind of investi-
gation is a study by Rice, Redmond, and Hoffman (2006),
who examined various properties of MLU in a group of
children with specific language impairment (SLI) as com-
pared with two control groups: a younger ML.U-equivalent
group and an age control group. They found strong con-
current validity for MLU at 5 years of age and strong
reliability and validity for longitudinal growth patterns
from 3 to 8 years of age. For an extensive review of stud-
ies with this design, see Leonard (1998).

Given the widespread utility of MLU, reference data-
bases are important sources of developmental, age-
referenced data. Two electronic databases are widely
used for this purpose, although each has limitations. The
Child Language Data Exchange System (MacWhinney,
2000) provides a valuable archive of transcripts from
many studies from which MLU values can be calculated.
The limitations are that the transcripts were generated
for diverse purposes, with considerable variation in par-
ticipants, methods, and levels of documentation, all of
which complicates their use as a reference resource.

The second database, the Systematic Analysis of
Language Transcripts (SALT; Miller & Chapman, 1991,
2002, 2008), was developed as a reference database. The
original data collection was carried out in 1984 and 1987,
based on spontaneous language samples collected in the
public schools of Madison, WI, and a nearby rural area
(Leadholm & Miller, 1992). Public school speech pathol-
ogists were trained in a standard method of collecting,

recording, transcribing, and analyzing language sam-
ples. The total sample consisted of 266 children, ages 3
to 13 years of age. The children were described as “a ran-
dom sample reflecting the diverse socio-economic status
of Wisconsin” (Leadholm & Miller, 1992, p. 92). Data
were stratified in 1-year age levels, with 27-50 children
per year. The means and standard deviations per age
level were incorporated into the commercially available
SALT software program (8th ed.; Miller & Chapman,
2008), which provides reference means and standard
deviations for the child’s age as part of the standard
output per transcript, thereby making the normative
information widely available and very useful for a large
number of researchers. Important strengths of the data-
base are the uniform sample size of 100 complete and
intelligible utterances for each sample, the consistency
in sampling procedures and data reporting across the
different age levels, and the initial training for the tran-
scribers to ensure transcription reliability.

Although this database has been a very valuable
resource that is used widely for normative and clinical
studies, there are important limitations. One is that the
100-utterance sample size may be less than optimal for
reliability. Gavin and Giles (1996) reported that accept-
able levels of test-retest reliability for MLU, set at
r > .90, were observed only for samples containing 175
utterances or more. They reported that sample sizes
of 50-100 utterances have reliabilities in the range of
r = .61-.82; sample sizes of 100-150 have a range of
.78-.83. A second category of limitations bears on the
lack of direct assessments of the child participants for
related abilities. Most important, direct language assess-
ment of the reference sample is unavailable to confirm
language performance within or above normal range.
Also unavailable is information on hearing status, to con-
firm that the normative sample passed hearing screen-
ings. Finally, information about the reference samples’
levels of nonverbal intelligence is not available. Infor-
mation on these missing variables would help define the
population used for comparison.

Finally, there is a great need for age-graded refer-
ence MLU data for children with documented SLI. This
condition is characterized by language impairment in
children who show no obvious other developmental
impairments—excluding children with clinically signif-
icant hearing impairment; clinically diagnosed neuro-
developmental disorders; or syndrome diagnosis, such as
Down syndrome, Williams syndrome, or autism. Tomblin
et al. (1997) reported that 7% of kindergarten children
show SLI. Because language impairment is primary in
children with SLI, who do not have other developmen-
tal disabilities associated with language impairment,
this clinical group is widely used as a model system for
comparisons with unaffected children and with children
carrying other diagnoses (cf. Rice, Warren, & Betz, 2005).
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Figure 1. Number of times of measurement per participant.
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Recent genetic studies have documented links to genetic
sources of SLI (Falcaro et al., 2008; Rice, Smith, & Gayan,
2009), adding to the interest in this condition. Although
MLU is widely used as part of the phenotype for this dis-
order, there is no repository of MLU levels broken out by
age levels for children with SLI. Such a resource would be
valuable for comparing across samples of affected groups
used in the research literature.

One potential problem for MLU data from chil-
dren with SLI is that clinically referred samples can
include a relatively high proportion of children with
speech impairments. Zhang and Tomblin (2000) reported
that children with speech disorders are more likely
to be served by speech-language pathologists than are
children with language disorders. The potential prob-
lem is that clinical samples could yield low intelligi-
bility that would affect the reliability of transcription
for MLU estimates. Yet in an epidemiologically ascer-
tained sample, the likelihood of concomitant speech
and language impairment is less than 2% in the gen-
eral population of 5-year-olds, and only about 5%—8% of
the children with language impairments showed clini-
cally significant speech disorders (Shriberg, Tomblin, &
McSweeny, 1999). Thus, what is needed is a sample that

Table 1. Initial language and nonverbal IQ mean scores per group.

Affected Unaffected
Measure M SD M SD
Omnibus® 80.88 10.95 108.06 14.27
PPVT-RP 83.06 13.03 101.65 10.22
TEGI® 44.87 28.25 77 .91 27.5
Nonverbal IQ¢ 96.5 9.57 104.59 9.64
Mother’s education® 277 1.25 3.87 1.38

“Omnibus language is the summative standard score for the Test of
Early Language Development, Third Edition; the Test of Language
Development—Primary, Second Edition; or the Clinical Evaluation of
Language Fundamentals, Third Edition. bPPVT-R = standard score for
the Peabody Picture Vocabulary Test—Revised. “TEGI = the composite
grammar score for the Rice/Wexler Test of Early Grammatical Impair-
ment. “Nonverbal IQ = the standard score for the Columbia Mental
Maturity Scale or the Wechsler Intelligence Scale for Children—Third
Edition. ®Mother’s educational level was coded on a scale of 1 to 6, where
1 = some high school, no diploma; 2 = high school graduate, diploma,
or GED; 3 = some college, no degree; 4 = bachelor’s degree; 5 = some
graduate work; and é = graduate degree.
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Table 2. Means and standard deviations for age and nonverbal IQ per group.

Age Age
(days) (years;months) Omnibus language PPVT-R TEGI Nonverbal IQ
Cohen’s d Cohen’s d Cohen’s d Cohen’s d
Age range M SD M SD M SD effect size M SD effect size M sD effect size M SD effect size
Affected
2;6-2;11 1,033 66 2;3 0,2 92.00 15.67 2.32 74.40 11.78 2.65 — — — —
3,0-3;5 1,204 59 3;4 0;2 99.10 16.43 0.93 88.92 9.88 1.00 22.02 19.24 1.12 — —
3;6-3;11 1,369 51 3,9 0;2 88.57 10.54 1.66 84.36 17.19 1.05 29.07 2592 1.28 101.43 7.61 0.45
4;,0-4;5 1,554 58 4;3 0,2 81.25 8.52 2.24 83.00 15.33 2.05 37.35 23.26 2.05 97.62 11.03 0.87
4;6-4;11 1,741 62 4,9 0;2 81.78 8.90 2.50 81.58 11.01 2.10 44.50 23.45 2.81 95.78 10.67 0.90
5,0-5;5 1,924 58 5;3 0;2 83.47 7.74 2.45 85.30 12.90 1.77 54.39 23.36 2.42 96.41 9.79 1.04
5,6-5;11 2,105 54 5,9 0,2 79.74 8.94 2.12 84.70 11.48 1.97 59.84 25.74 2.70 97 .41 10.66 0.79
6,0-6;5 2,286 54 6;3 0,2 78.39 9.97 276 87.52 13.39 1.98 67.40 25.88 2.95 91.70 12.48 1.31
6,6-6;11 2,470 55 6,9 0,2 81.64 9.99 1.53 85.73 11.00 1.79 77.14 19.24 2.73 95.09 13.18 0.68
7,0-7,5 2,645 60 73 0,2 7917 13.88 2.11 88.34 11.85 1.31 79.90 19.01 1.04 92.78 13.42 0.68
7,6-7;11 2,833 63 7.9 0,2 82.88 11.90 2.23 85.18 11.74 1.77 85.59 14.49 1.58 93.88 14.25 0.71
8,0-8;5 3,016 56 8;3 0;2 79.33 14.18 276 87.52 13.19 1.22 87.80 11.00 2.95 94.73 15.31 1.00
8;6-8;11 3,188 54 8,9 0,2 82.02 13.83 2.29 86.27 13.60 1.90 89.26 15.02 1.30 99.05 17.25 0.69
Unaffected
2;6-2;11 1,020 62 2,9 0,2 123.47 13.54 99.53 9.49 — — — —
3;0-3;5 1,192 56 3;3 0;2 116.33 18.61 99.77 10.84 56.26 30.59 — —
3;6-3;11 1,366 57 3,9 0,2 107.55 11.40 99.32 14.20 66.35 29.23 105.82 9.75
4,0-4;5 1,550 56 4,3 0,2 103.63 997 104.23 10.37 82.28 21.92 105.30 8.84
4;6-4;11 1,740 52 4,9 0,2 108.22 10.59 103.43 10.41 86.55 14.97 105.88 11.20
5,0-5;5 1,923 54 5;3 0;2 106.39 9.35 105.97 11.71 88.50 14.08 107.25 10.46
5,6-5;11 2,096 55 5,9 0;2 100.96 10.00 106.60 11.11 91.91 11.86 106.87 11.96
6,0-6;5 2,270 55 6;3 0,2 105.71 9.91 110.08 11.41 93.46 8.83 109.82 13.83
6;6-6;11 2,459 50 6,9 0;2 100.96 12.66 103.81 10.10 96.40 7.04 104.94 14.56
7,0-7,5 2,639 52 7:3 0,2 104.17 11.86 105.96 13.41 94.87 14.33 101.91 13.37
7,6-7;11 2,832 49 7.9 0;2 105.29 10.05 106.12 11.85 96.40 6.83 103.29 13.18
8,0-8;5 3,011 47 8;3 0;2 102.33 8.33 103.24 12.87 98.17 3.51 106.35 11.65
8;6-8;11 3,177 43 8,8 0;1 102.00 8.73 103.92 9.28 96.61 5.67 110.26 16.14

Note. Dash indicates child below age range for instrument.
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is representative of the broad SLI profile, without sig-
nificant speech impairment.

The purpose of this article is to report MLU and
associated omnibus standardized language archival
data from children with SLI and unaffected children
ages 2;6 (years;months) to 9;0, in 6-month intervals.
The sample is controlled for clinically significant speech
impairments.

Method
Participants

The sample was drawn from the data archive of an
ongoing longitudinal study of children with SLI (re-
ferred to as “probands” in the larger genetics study),
control groups of unaffected children, and the siblings
or cousins of the SLI group. Hereafter the broader study
will be referred to as the “base study.” The sample for
the study reported here comprised 306 child participants,
ages 2;6 to 9;0, distributed as 170 affected children and
136 unaffected children. For the affected group, 134 en-
tered the base study as probands. An additional 36 chil-
dren were identified as affected when evaluated as part
of the family testing protocol; although they were not

designated as SLI on an a priori basis, on the basis of
their test scores, they met the criterion for SLI. A series
of ¢ tests confirmed no difference between the proband
subgroup and the family-ascertained affected subgroup
in MLU levels in any of the age intervals studied. For
the unaffected group, 87 entered as control children;
49 additional children entered from the family testing
protocol, screened for language performance in the normal
range or above on the language assessments. Gender
distribution for the full sample was 132 girls and 174
boys, subdivided as 61 girls and 109 boys in the affected
group and 71 girls and 65 boys in the unaffected group.
The children were recruited from the west-central Mid-
western region of the United States, from monolingual
English-speaking families who planned to remain in the
area for 5 years or more. The affected and unaffected
children were drawn from the same school attendance
centers; all but a handful attended public school. For
the full sample, racial categories are as follows: 86%,
White; 3%, American Indian/Alaska Native; 0%, Asian;
0%, Black or African American; 7%, more than one race;
and 4%, unknown or not reported. Hispanic ethnicity
was reported by 6% of the sample. Maternal education
levels were of interest given the findings of Dollaghan
et al. (1999) linking maternal education and measures

Figure 2. Mean omnibus language standard scores per group per age level.
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of early speech and language. For the participants of this
study, maternal education levels were predominately at
the level of high school graduate with some additional
coursework. Education levels were measured on a scale
of 1 to 6, where 1 = some high school, no diploma; 2 = high
school graduate; 3 = some college, no degree; 4 = bachelor’s
degree; 5 = some graduate work; and 6 = graduate degree.
The grand mean for the full group was 3.26 (SD = 1.42);
for the affected group, 2.77 (SD = 1.25); and for the un-
affected group, 3.87 (SD = 1.38).

Initial screenings eliminated children with diagnoses
of autism or autism spectrum disorders (all of whom
were siblings), children with nonverbal intelligence lev-
els below 85 on the Columbia Mental Maturity Scale
(Burgemeister, Blum, & Lorge, 1972) or the Wechsler
Intelligence Scale for Children—Third Edition Nonver-
bal Scale (Wechsler, 1991) and/or who were diagnosed
with developmental disabilities, and children who did
not pass a screening for hearing impairment, at 25 dB HL,
at 1000, 2000, and 4000 Hz. Children’s speech intelligi-
bility was screened to ensure adequacy for suitable levels
of intelligibility for transcription. This criterion was de-
fined by a passing score on a probe screening for articu-
lation competency with consistent use of final —, —d, —s,

and -z (Rice & Wexler, 2001) and only minor mispronun-
ciations, such as distortions of /r/, /1/, and blends, on the
Goldman Fristoe Test of Articulation—Second Edition
(Goldman & Fristoe, 2000). Possible dialect speakers were
assessed on the Diagnostic Evaluation of Language Vari-
ation (Seymour, Roeper, & deVilliers, 2003) and excluded
if they met dialect criterion. Probands were previously
diagnosed as having language impairment by a certified
speech-language pathologist, with few exceptions ascer-
tained via direct referral or screenings in preschools. There
were two inclusionary criteria for proband entry into the
study. One was performance on an omnibus language
assessment 1 SD or more below age expectations and
performance. Depending on the child’s age, the relevant
tests were the Test of Early Language Development, Third
Edition (Hresko, Reid, & Hammill, 1999), the Test of Lan-
guage Development—Primary, Second Edition (Newcomer
& Hammill, 1988), and the Clinical Evaluation of Lan-
guage Fundamentals, Third Edition (Semel, Wiig, & Secord,
1995). The second criterion was an MLU level 1 SD or
more below age expectations, benchmarked to the norms
of Leadholm and Miller (1992), as measured from a
sample of at least 150 utterances, with a few exceptions
among the youngest affected children, whose samples
yielded somewhat fewer utterances.

Figure 3. Mean Peabody Picture Vocabulary Test—Revised (PPVT-R) scores per group per age level.
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In addition to the omnibus language tests used to
identify affected children, the base study protocol in-
cluded the Peabody Picture Vocabulary Test—Revised
(PPVT-R; Dunn & Dunn, 1981) as an estimate of vocab-
ulary and the Rice/Wexler Test of Early Grammatical
Impairment (TEGI; Rice & Wexler, 2001) as an estimate
of morphosyntactic abilities focused on finiteness mor-
phology. On their first time of measurement, 54% of the
probands had a PPVT-R standard score of 85 or less;
88% of the probands had a TEGI composite grammar
z score of more than one standard deviation below the
mean, calculated according to the means and standard
deviations provided in the TEGI manual. Overall, at en-
try the probands represent a general profile of SLI, at
roughly the 15th percentile of the normative distribution
on language assessments, without regard to receptive ver-
sus expressive status.

For assignment of siblings or cousins to affected ver-
sus control groups, the archival database was searched for
all children whose overall performance on omnibus lan-
guage assessment on at least one test occasion was one
standard deviation or more below the mean for the age
level. This criterion identified all the children who en-
tered as probands and 36 children who entered as sib-
lings or cousins. All siblings/cousins who scored in the

affected range were included in the longitudinal assess-
ment protocol.

The unaffected children were recruited into the base
study as control children or as siblings or cousins of
probands. Their language performance on omnibus tests
was above the cutoff for the affected group.

Sampling Procedures

The protocol for the longitudinal base study included
spontaneous language samples at 6-month intervals for
children in the age range of 2;6 to 9 years of age. The
samples were collected by trained examiners in interac-
tions with a child. The sampling was carried out off-site.
Most samples were collected in mobile vans customized
for data collection, with some samples collected in quiet
rooms in schools or in home settings. Over the years of
the study, a total of 30 examiners collected samples.

The conversational play-based sampling procedures
used a standard set of age-appropriate toys selected to
elicit a variety of grammatical forms and sentence types,
consisting of toy people, household objects, toy animals,
a set of objects associated with a camping scenario, or a
set of objects associated with a medical emergency scene.
The last two sets of objects were used with the older

Figure 4. Rice/Wexler Test of Early Grammatical Impairment (TEGI) grammar composite per group per age level.
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children (those around 7 years and older), given that
about this time children’s interest in household objects
and toy animals had waned. The samples were audio-
recorded with external microphones and video-recorded
(used as a backup for transcription when needed). The
aim was for a minimum of 200 complete and intelligible
child utterances, which usually required about 20-30 min
of interactions, with the longer times needed for af-
fected children.

Examiners were trained to follow “best practice guide-
lines” regarding sample collection. This included fol-
lowing the children’s conversational lead, engaging in
parallel talk about familiar household activities, shar-
ing personal anecdotes and experiences, and introducing
topics related to past and ongoing events during their
conversational interactions. Examiners were trained to
keep the use of “yes/no” and wh-questions to a minimum
and to avoid dominating the verbal interactions with
many utterances. Sampling validity monitoring included
a minimum of three observed sampling sessions with
feedback in the training phase, followed by intermittent
sampling sessions observed in the field by the lead ex-
aminers. Further validity checks were carried out via a
schedule of video viewing by trained research assistants
who noted any unusual practices on a lab report. The

Figure 5. Mean levels of nonverbal IQ per group per age level.
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independent clauses conjoined by and were broken pre-
ceding the second conjunction, in order to avoid spurious
lengthening due to clausal chaining. Clauses joined by
other conjunctions (such as after; before, but, if, and when)
were included in a single utterance.

The reliability of conversational sample transcrip-
tion was monitored on a continuous basis. Examiners
were trained to 85% point-to-point agreement or better
with trained transcribers on three transcripts prior to
carrying out independent sampling and transcription.
Early on, transcripts were checked by second and third
transcribers for possible errors, with any disagreements
resolved through consensus. Given the labor demands
for this system and a very low rate of disagreements, the
system evolved to one of routinely assigned interexami-
ner reliability calculations, with pairwise assignments
across the pool of examiner/transcribers. In tandem with
the reliability assignments, a system of transcription
checking was carried out by a trained research assistant.

Transcripts were processed by a lab software program
designed to flag potential errors. Feedback was provided
to examiner/transcribers on a regular basis to correct
any drift in coding conventions or to highlight creeping
vigilance errors.

Interexaminer point-to-point reliability summa-
rized as the proportion of agreements is available for
105 transcripts originally transcribed by the examiner
who collected the sample and retranscribed from the
audio records by a trained examiner who did not collect
the sample. For the control group, 34 transcripts yielded
the following average point-to-point agreement reliabil-
ities: utterance boundaries, 94.1; words, 88.25; and mor-
phemes, 98.83. Interexaminer point-to-point agreement
reliabilities for 71 transcripts from the affected group
were as follows: utterance boundaries, 94.51; words, 86.32;
and morphemes, 98.67.

Calculation of the percentage of intelligible utter-
ances, the total number of complete and intelligible

Table 3. Means and standard deviations for intelligibility and number of utterances per group.

Intelligibility Total utterances C & | utterances
Cohen’s d Cohen’s d Cohen’s d
Age range n M SD  effect size M SD  effect size M SD  effect size
Affected
2,6-2;11 6 074 0.5 1.10 2352 633 0.48 1555 548 0.95
3,0-3;5 15 079 0.16 1.94 261.3 78.0 0.14 177.6  66.2 0.73
3,6-3;11 24 084 0.08 0.81 2490 893 0.13 176.8  66.4 0.48
4,0-4;5 54 083 0.12 1.08 2826 93.8 0.00 198.2 76.4 0.36
4,6-4;11 72 087 0.10 1.1 2847 713 0.08 2132 635 0.27
5,0-5;5 84 091 0.06 0.67 292.1 76.2 -0.29 223.1 55.8 0.01
5,6-5;11 97 091 0.06 0.57 2890 834 -0.14 2225 643 0.02
6,0-6;5 108 0.92 0.06 0.30 2757  86.1 0.18 2172 684 0.26
6,6-6;11 94 092 0.06 0.23 2812 97.0 0.05 2145 731 0.17
7,0-7;5 103 0.92 0.06 0.57 2770 97.9 -0.02 2171 77.0 0.06
7:6=7;11 100 0.92 0.06 0.18 280.0 89.0 -0.09 2174 76.5 0.01
8,0-8;5 94 093 006 0.73 266.1 918 0.13 2124 785 0.21
8,6-8;11 61 0.94 0.05 -0.02 289.7 93.9 -0.10 2279 76.9 0.00
Unaffected

2,6-2;11 17 086 0.1 265.6  64.0 219.1 66.6

3,0-3;5 29 091 0.06 271.5 745 219.1 56.9

3;6-3;11 38 092 009 2562 538 2039 56.6

4,0-4;5 49 091 0.08 2826 753 2242 727

4,6-4;11 74 094 0.06 278.1 77.6 2320 698

5,0-5;5 78 094 0.05 2740 627 2236 51.0

5;6-5;11 77 094 0.05 2782 799 2240 65.0

6,0-6;5 70 093 0.05 2912 86.2 2363 722

6;6-6;11 63 093 0.07 2857 96.6 2283 806

7,0-7;5 51 0.94 0.04 2756  90.3 2215 774

7:6-7;11 47 0.93 0.06 271.5 945 2180 793

8,0-8;5 41 0.95 0.04 2780 929 2297 81.8

8,6 -8;11 18 0.93 0.06 280.1 98.6 2282 80.4

Note. C &= complete and infelligible.
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utterances, and MLU in morphemes and in words was
carried out by the SALT software (Miller & Chapman,
1991).

Results
Final Sample Description

To maximize the information to be gleaned from the
longitudinal archive, we included only one sample per
child within a given 6-month age interval, but different
samples from the same child could be included across
age intervals. This convention was necessary because in
the scheduling of children and families, occasionally two
sessions occurred within the planned 6-month interval;
for example, a child could be seen at 60 months and again
at 65 months 2 weeks. For the analysis reported here, the
second time of assessment would be treated as within the
66- to 72-month age level, assuming no other assessment
in that time window. As shown in Figure 1, the number
of samples per child varied from 1 to 11. For example,
43 children had 1 sample included, 46 had 6 samples,
14 had 4 samples, and so on. All together, there were
1,564 samples in the analyses: 912 from affected chil-
dren and 652 from control children.

Figure 6. Intelligibility per group per age level.

Table 1 reports the children’s initial language and
nonverbal IQ mean scores and standard deviations per
group, along with the mother’s education levels per group.
Note that, as expected, the affected group’s language per-
formance was, on average, more than one standard devi-
ation below the age-referenced means, and the unaffected
group’s performance was a bit above the mean on the
omnibus language assessment and at the mean on the
PPVT-R. The TEGI scores can be interpreted as the per-
centage of correct use of finiteness markers in obligatory
contexts. The group outcomes, collapsing across all the
initial age levels, show that the affected group averaged
about 45% obligatory use of finiteness markers and the
unaffected group averaged about 78% use.

It is possible that the validity of the initial group-
ing according to affectedness could drift with age, in the
event that at the upper age levels the affected group “out-
grew” language impairment. Table 2 reports the means
and standard deviations for the children’s age and con-
current omnibus language and PPVT-R standard scores,
TEGI composite grammar score, and nonverbal 1Q score
per age level per group. Note that at the youngest ages,
nonverbal 1Q assessments were not available, although
for each of the children in the young age intervals there
are nonverbal 1Q assessments available at later age
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levels that confirm performance above the cutoff level of
85.Itis clear that the affected group is within the normal
range of nonverbal IQ per interval, although as in other
samples of children with SLI, the group tends to score
somewhat below the age-comparison children. The data
confirm that the groups are closely matched within age
levels, and the grouping variable sustains validity over
time.

On language assessments, the affected group per-
sistently scored below the unaffected group without any
apparent gain in standard scores over time. The group
effect sizes are reported in Table 2 as Cohen’s d (Cohen,
1988, pp. 20-22), an index that expresses score differ-
ences in standard deviation units. As expected, the group
effect sizes are large for the language measures, in the
range of 0.93-2.95, indicating that the affected children
persisted in scoring one or more standard deviations
below the unaffected children, on average, throughout the
2;6-9;0 age range. Another way to describe the group
differences is in terms of Cohen’s U measure (Cohen,
1988), which provides an estimate of the extent to which
the two distributions overlap. Us provides an estimate of
the percentage of the affected sample that the upper half
of the cases of the control sample exceeds (Cohen, 1988,
pp.21-22). Whend =0, U3 = 50%. In the range of d scores

Figure 7. Complete and intelligible utterances per group per age level.

for the omnibus language, PPVT-R, and TEGI scores,
U; = 81.6%-99.9%, suggesting that the upper half of the
unaffected group scores above most if not all of the af-
fected sample, showing much separation of the groups’
distributions. In contrast, the d values for the nonverbal
1Q variable are smaller, in the range of 0.45-1.31. The
corresponding Us values are 65.5%—90.3%, showing less
separation of the groups’ distributions. Overall, the pat-
terns of group differences over age intervals verify the
validity of the grouping variable over time.

Figures 2-5 clearly illustrate the consistency across
time. Figure 2 reports the mean omnibus language stan-
dard scores per group for each age level; Figure 3 reports
the PPVT-R standard scores; Figure 4, the TEGI com-
posite grammar score; and Figure 5, the nonverbal 1Q
scores per group per age level. These performance esti-
mates were available on an annual basis. The data reported
here are the closest available scores per 6-month interval.

Transcript Analyses Data: Sample Size
and MLU Words and Morphemes

The calculation of MLU requires sufficient num-
bers of intelligible utterances per sample. Table 3 reports
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the percentage of intelligible utterances calculated for
the samples, the total number of utterances, and the
complete and intelligible utterances. Figure 6 depicts the
percentage of intelligible utterances, where it is apparent
that overall the percentage of intelligible utterances was
high in the samples for both groups. Even so, as expected,
intelligibility was more of an issue for the samples from
younger children, especially for the younger affected group.
The d values range from —.02 to 1.94, with the higher
values in the lower ages, 2;6—4;11. In the younger ages,
the d values 0f 0.81-1.94 yield U; values of 78.8%-97%,
indicating separation of the distributions. In the older
ages, the d values of 0-0.73 yield Us values of 50%—
75.8%, showing considerable overlap. The lower intelli-
gibility at the younger ages may be attributed to several
factors, including clarity of speech and/or likelihood of
vocabulary choices or phrases used. In comparison, the
mean total number of utterances is very similar across
groups, ranging from 235.2-292.1, with small values of

d, in a range of 0-0.48, showing a high level of overlap,
with Uj in a range of 50%—69%.

The number of complete and intelligible utterances
generates the sample for analysis for MLU, adjusted for
intelligibility. The means varied from 155.5 to 236, with
the lowest values reflecting the higher proportion of un-
intelligible utterances in the younger affected group,
depicted in Figure 7. Correspondingly, the d values are
highest in the youngest five age levels, ranging from 0.27
to 0.95, with a Us range of 57.9%-81.6%. At the older
ages, the d values dropped to a range of 0-0.26, with a Us
range of 50%—57.9%, showing almost the same distribu-
tion of the mean number of utterances to be subjected to
analyses for the two groups. Overall, it is clear that the
goal of 200 complete and intelligible utterances per sam-
ple was generally met for the unaffected groups across
age levels and for the affected children from the ages
of 4;0—4;5. For those participants below 4 years of age,
it was more challenging to obtain samples above an

Table 4. Means and standard deviations for mean length of utterance in words (MLU,,) and morphemes

(MLU,,,) per group.

MLU,, MLU,,
Cohen’s d Cohen’s d
Age range n M SD effect size M sD effect size
Affected
2;6-2,11 6 2.37 0.32 0.93 2.59 0.39 0.90
3,0-3;5 15 2.84 0.38 0.97 3.07 0.48 1.07
3;6-3;11 24 3.10 0.75 1.04 3.36 0.80 1.09
4,0-4;5 54 3.31 0.70 1.22 3.64 0.80 1.22
4,;6-4,11 72 3.60 0.62 0.95 3.95 0.70 1.01
5,0-5;5 84 3.72 0.61 1.05 4.09 0.70 1.10
5;6-5;11 97 3.95 0.60 0.85 4.34 0.67 0.89
6,0-6;5 108 3.98 0.70 0.90 4.38 0.75 0.92
6;6-6,11 94 4.18 0.71 0.79 4.63 0.79 0.84
7,0-7;5 103 4.15 0.62 0.69 4.56 0.69 0.72
7:6-7:11 100 4.33 0.88 0.57 4.77 0.96 0.60
8,0-8;5 94 4.36 0.75 0.86 4.80 0.83 0.89
8;6-8;11 61 4.49 0.86 0.72 4.97 0.93 0.68
Unaffected
2;6-2,11 17 2.91 0.58 3.23 0.71
3,0-3;5 29 3.43 0.61 3.81 0.69
3;6-3;11 38 3.71 0.58 4.09 0.67
4:0-4:5 49 410 0.65 457 076
4;6-4,11 74 4.28 0.72 4.75 0.79
5,0-5;5 78 4.38 0.63 4.88 0.72
5,6-5;11 77 4.47 0.61 4.96 0.70
6,0-6;5 70 4.57 0.66 5.07 0.75
6;6-6;11 63 4.70 0.66 5.22 0.71
7,0-7;5 51 4.72 0.83 5.22 0.91
7:6-7:11 47 4.92 1.03 5.45 1.13
8,0-8;5 41 5.08 0.84 5.67 0.97
8;6-8;11 18 4.99 0.71 5.51 0.79
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average of 150 complete and intelligible utterances in
atime-efficient way, even with a seasoned and well-trained
group of examiners.

The mean levels of MLU calculated from the com
plete and intelligible utterances are reported in Table 4,
for MLU in words (MLU,,) and morphemes (MLU,,) per
age level per group. The mean values are depicted in
Figure 8 for MLU,, and in Figure 9 for MLU,,. As ex-
pected, the two indices were highly correlated: r = .994
for the affected group; r = .992 for the unaffected group.
The outcomes show that the affected groups performed
at lower levels than did the unaffected groups in MLU
whether calculated by words or by morphemes across
the age range sampled. The effect sizes are similar for
both estimates, in the range of d = 0.57-1.22. The lower
effect sizes are at the upper levels, where the unaffected
children begin to asymptote and the affected children
begin to close the gap somewhat. Through 6 years of age,
d = 0.79-1.22, with associated Us estimates of 78.8%—
88.5%, indicating considerable nonoverlap of the groups.

Next we examined the extent to which the data in
Table 4 align with the MLU normative data reported
by Leadholm and Miller (1992), where means and stan-
dard deviations are reported per 1-year age intervals.
Figure 10 depicts a comparison of the obtained levels

of MLU,, for the groups studied here and for the mean
levels per age interval reported for the Wisconsin sam-
ple. Note that data for the two levels of 8-year-old data
are not available for the Wisconsin sample, so the 9-year
data from that sample is included in the figure to depict
the upper time of measurement. Relative to the data
reported in Table 4 for the control group, the Wisconsin
data show lower average performance for the 3—5-year-
old children, but from 5 years onward the Wisconsin
sample means are higher.

We investigated a possible association of mother’s
education to children’s MLU levels in the two groups by
calculating Pearson product—-moment correlations. At the
initial time of measurement, the correlation of mother’s
education and MLU for the affected group was r(169) =
—.038, ns; and for the unaffected group, r(135) = —.154,
ns. To examine whether there might be age influences on
the correlations, they were recalculated with a MLU
z score, based on the Leadholm and Miller (1992) means
and standard deviations. The obtained correlations were
also nonsignificant. The correlations were then calcu-
lated for three age levels within each group, defined as
2;6-4;11, 5;6-6;11, and 7;0-9;0. Only the unaffected
5;0-6;11 group yielded a significant correlation, 7(36) =
—-.358, p = .03, suggesting higher MLU levels for the

Figure 8. Mean length of utterances in words (MLU,,) per group per age level.
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Figure 9. Mean length of utterances in morphemes (MLU,,) per group per age level.
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children of less well-educated mothers. Overall, in these
samples, there was no evidence of an advantage in MLU
growth for the children of better educated mothers at the
initial time of assessment. This is consistent with the
findings of Rice et al. (2006), who reported that mother’s
education did not predict growth or intercept in their longi-
tudinal study. The lack of correlation is inconsistent with
the findings of Dollaghan et al. (1999), who reported statis-
tically significant linear trends across maternal education
levels for MLU,, for their sample of 3-year-old children.
The wider age range of the present study perhaps pres-
ents a stronger test of this issue.

Finally, an intraclass correlation (ICC) was calcu-
lated to examine possible familial dependencies among
the siblings in the samples. The ICC is an estimate of the
average correlation among people from the same family.
In this sample, the ICC for the MLU,,, is .21, suggesting
that the dependency is small. The low ICC increases con-
fidence that the obtained values will generalize to inde-
pendently selected samples.

Discussion

The data reported here provide detailed documen-
tation of MLU levels for children with SLI and children
without language impairment, broken out by 6-month

346

intervals, from 2;6 to 8;11. This comprises the first report
of a control sample with full documentation of ethnicity,
mother’s education levels, children’s nonverbal intelli-
gence and performance on omnibus language measures,
and concurrent measures of receptive vocabulary and
morphosyntax. Furthermore, this is also the first report
of an affected group drawn from the same general popula-
tion as the unaffected children and with the same detailed
descriptive cognitive and language data. The sampling
methods are consistent across the database; reliability
estimates are provided for transcription and coding. A
further, and important, strength is the relatively large
number of complete and intelligible utterances that serve
as the basis for calculation of the MLU. Except at the
youngest levels, the size of the utterance collection exceeds
the standards reported by Gavin and Giles (1996) as
suitable for acceptable reliability of calculation.

The results are intended to be used for clinical pur-
poses, as an estimate of how a particular child’s perfor-
mance compares with age expectations for a group of
children who perform in the normal range on external
assessments of language and for a group of children who
perform in the clinical range on language assessments.
The findings are consistent with the call that Leadholm
and Miller (1992) made for practitioners to obtain sam-
ples of children’s spontaneous language as part of a full
clinical assessment. At the same time, the difference in
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Figure 10. Comparison of MLU,, for Kansas sample and SALT sample (Leadhold & Miller, 1992).
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normative estimates from the samples in this study com-
pared with those reported by Leadholm and Miller (1992)
highlights the value of different sources of normative
information, for determining whether a child meets the
expectations for his or her age level.

An example of potential application of the outcomes
is indicated in the position statement of Tager-Flusberg
et al. (2009). This article reports on the work of an expert
panel charged with the task of identifying recommended
measures to be used in evaluating language intervention
outcomes with children with autism spectrum disorders
and with proposing a common terminology for describ-
ing levels of language ability. The panel suggested MLU
in morphemes as a possible outcome measure in the do-
main of grammar in the age range of 30—48 months. An
MLU,, of 3.0 was set as the benchmark for children age
36 months. As shown in Figure 10, based on the results
of our study, this would be a conservative estimate relative
to the control children in this sample, although it would
be similar to the normative estimate of the Wisconsin
norms. The MLU,, in the 3;6-3;11 sample of affected
children in the present study is 3.36, a level close to the
normative estimate in the Leadholm and Miller (1992)
sample at that age. The variations in these estimates pose
reason for caution in interpreting MLU levels in young
children. This is not to say that MLU is an inappropriate

measure for benchmarking intervention outcomes. To
the contrary, it is a valuable estimate of a youngster’s
generative language ability.

One possible reason for the difference in outcomes be-
tween the estimates of this study and those of Leadholm
and Miller (1992) is sampling differences. The children in
the Madison sample may have had higher verbal ability
than the children in the samples reported in the present
study. The point here is that there is value in having
comparison groups whose language and nonverbal lev-
els of performance are documented for the purpose of
comparison. Our position is that more information of
this sort will be helpful to the field.

Also important for clinical interpretations is the is-
sue of sampling methods. Differences in sampling meth-
ods are well-known possible contributors to variation
in MLU estimates (cf. Eisenberg et al., 2001). Leadholm
and Miller (1992) used conversational methods involv-
ing play with clay, activities from classroom units, and
the introduction of topics absent in time and space. Al-
though generally similar, the sampling methods used
here focused on the play activities with the same set of
toys across children, without systematic queries about
school activities or topics absent in time and space. It is
possible that the former approach elicited more com-
plete or complex sentences with older children.
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For research purposes, the issue of how to compare
outcomes across samples also applies more generally to
the study of children with and without language impair-
ments. One difficulty now is how to reconcile different
experimental findings across studies given possible dif-
ferences in sampling. The findings reported here allow
for use of obtained MLU values as a way of comparing
with samples of particular ages of children who are known
to have language impairments without other disabilities
or who are known to have language performance above
the cutoff for language impairments. Although this method
of sample referencing is not perfect, it will provide an im-
provement over the limited approaches now available.

It is noteworthy that the outcomes are consistent
with the findings of Rice et al. (2006). This is not simply a
matter of the same samples of children in the Rice et al.
study and this study; the longitudinal component of the
earlier study used only 20 of the 170 affected children
in the study reported here and 18 of the 136 unaffected
children. The generalization of interest is that although
children with SLI increase their MLLU over time, they do
not close the MLU gap at the upper age levels. The effect
sizes are large until around 7 years of age, when they
drop to the medium-to-large range, suggesting that MLU
values are sensitive to language impairment throughout
the age levels for which MLU is a reliable and valid index.
Thus, the widely adopted assumption that MLU values
above 4.0 are not reliable is not supported here. With
appropriate care in sampling and transcription meth-
ods, the MLU in words or morphemes yields reliable and
age-validated estimates of children’s language growth.

Finally, a caveat must be issued that although the
mixture of cross-sectional and longitudinal measures
available in the archive provides relatively large num-
bers of children in both groups of children per age level,
this mixture also engenders caution in interpretation.
This is neither a classic cross-sectional method nor a
classic longitudinal growth-curve method. Even with
these limitations, the findings provide valuable descrip-
tive information for clinical and research applications,
particularly for the purpose of referencing a child’s per-
formance or the performance of a sample of children
against a sample with known language and nonverbal
intelligence levels as well as known dimensions of the
sample size and sampling procedures.
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