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Abstract
Predictors of productive and receptive language development in 39 children with intellec-
tual disabilities (17 with Down syndrome) and their parents were identified. Children were
in the prelinguistic or first stage of productive language acquisition (Brown, 1973). The
Down syndrome and non-Down syndrome groups were matched on several variables, in-
cluding IQ, CA, and vocabulary level. After controlling for initial language level, we at-
tempted to identify unique early predictors of language measured 6 months later. Results
indicate that Down syndrome negatively affected language development. Additionally, fre-
quency of optimal parental responding predicted later productive language above and
beyond etiology. Finally, canonical vocal communication and commenting predicted later
productive language only in children without Down syndrome.

Children with intellectual disabilities have
greatly varying language acquisition rates (Hart,
1996). Understanding the predictors of this vari-
ability may eventually (a) help professionals un-
derstand its causes and (b) enable development of
effective early interventions. Etiology of intellec-
tual disability is one potential predictor of lan-
guage development. Down syndrome is the most
common known genetic cause of intellectual dis-
ability. Most researchers who have examined the
language of children with Down syndrome have
compared them to typically developing children
matched for mental age (MA) or language level
(e.g., Chapman, 1995; Chapman, Seung,
Schwartz, & Raining Bird, 1998). Because the
comparison groups in these studies were typically
developing individuals, language difference in the
Down syndrome group could be explained by the
presence of mental retardation in general or by
the specific phenotype of Down syndrome. One
way to disentangle the effects of the specific phe-
notypic characteristics of Down syndrome from
that of mental retardation in general is to compare
children with this syndrome to children with
mixed-etiology mental retardation matched on de-
gree of mental retardation and developmental level.

Ninety-six percent of Down syndrome cases
are caused by a third copy of chromosome 21
(Chapman & Hesketh, 2000). The precise mech-
anisms that govern the translation of an extra
copy of chromosome 21 into the set of behavioral
and intellectual characteristics of Down syndrome
are not yet known (Chapman & Hesketh, 2000).
However, researchers have found that about 50%
of children with this syndrome who have MAs
under 36 months have communication and lan-
guage skills that are delayed in comparison to
what is expected for their MAs (Miller, 1999). Al-
though school-age children with mixed-etiology
intellectual disability may have receptive language
below MA level (Abbeduto, Furman, & Davies,
1989), preschoolers or toddlers with mixed-etiol-
ogy intellectual disabilities tend to have commu-
nication and language commensurate with their
MAs (Miller, 1999). The etiological group differ-
ence in developmental profiles tends to increase
with MA and chronological age—CA (Miller,
1999) and may indicate that children with Down
syndrome encounter more obstacles in acquiring
communication and language than do children
with intellectual disabilities due to other etiolo-
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gies. Therefore, one might expect children with
Down syndrome to have different language abili-
ties than do matched peers with mixed-etiology
intellectual disabilities (children without Down
syndrome).

The primary approaches to identifying wheth-
er children with Down syndrome have additional
obstacles to language development above and be-
yond that expected by their degree of intellectual
disabilities all have their advantages and disadvan-
tages (Abbeduto et al., 2003). The approach we
have selected is to compare children with Down
syndrome to a group of children with intellectual
disabilities due to mixed etiologies while matching
on a number of variables that can account for
individual differences in language. Because it is
impossible to match on all important variables si-
multaneously, one must decide which variables
are most important to control through matching
or selection criteria. Our reading of the present
literature suggests that CA, developmental level,
and degree of intellectual disability must be con-
trolled to address our central research question. It
would be difficult to control for all these variables
using a single-etiology comparison group because
of the low incidence of single-etiology groups oth-
er than Down syndrome.

If presence of Down syndrome influences lan-
guage development above and beyond presence
of intellectual disability, then we would find
Down syndrome–non-Down syndrome group dif-
ferences in the variance, mean, and predictors of
language development. Smaller variance on lan-
guage scores is expected in a Down syndrome
group than in a non-Down syndrome group be-
cause the genotype of Down syndrome is more
homogeneous. If this prediction is not true, then
one might reasonably question the importance of
characterizing groups of children with intellectual
disability by the genetic etiology for intellectual
disability. To our surprise, we have found no sup-
port for this most basic of predictions in the ex-
tant literature on language of people with Down
syndrome. Smaller mean language scores were ex-
pected in the Down syndrome group because this
syndrome may affect the rate of language devel-
opment above and beyond the presence of intel-
lectual disability. We know of no studies showing
Down syndrome versus non-Down syndrome
group differences in early language development.
It is important to remember that our prediction
requires a comparison group of children with
mixed-etiology mental retardation matched on

level of intellectual disability and initial develop-
mental level. Finally, if Down syndrome strongly
influences the process of language development,
then the predictors of language development for
these individuals may be different than for those
with mental retardation from other causes. Again,
we know of no studies supporting this prediction.

There are probably some predictors of lan-
guage development that are common to both
Down syndrome and non-Down syndrome
groups. The transactional model of development
(Sameroff & Chandler, 1975) suggests that atten-
tion to both parent and child factors are more
helpful than attention to just one of these factors
in explaining why some children with intellectual
disabilities acquire language before others. One
specification of the model for the prelinguistic pe-
riod suggests that prelinguistic communication (a)
reveals children’s readiness to acquire language
and (b) elicits parental language-facilitating re-
sponses (Yoder & Warren, 1993; Yoder, Warren,
& McCathren, 1998). From among the child var-
iables that have been found to predict later lan-
guage in children with intellectual disabilities, we
have selected vocabulary comprehension and fre-
quency of requests, comments, and canonical vo-
cal communication to investigate.

One might consider early comprehension to
be the most logical predictor of later productive
language. Typically, words are understood before
they are produced. In the prelinguistic period, vo-
cabulary comprehension has predicted later lan-
guage production in several samples of typically
developing children (e.g., Bates, Benigni, Breth-
erton, Camioni, & Volterra, 1979; Bates, Breth-
erton, & Synder, 1988). In late talkers (i.e., chil-
dren with low productive vocabularies for their
CAs), early comprehension level predicts who will
‘‘catch up’’ with their age-mates a year later (Paul,
Looney, & Dahm, 1991; Thal, Tobias, & Morri-
son, 1991).

One must also consider children’s commu-
nicative production. In the prelinguistic stage,
communicative production refers to prespeech meth-
ods of communication. Requesting and com-
menting are two such prespeech acts. Requests are
(a) gestures, or nonword vocalizations coordinated
with attention to adult; (b) conventional gestures;
or (c) symbols used to acquire objects and events
other than the listener’s attention, affect, or labels
(Bates et al., 1979; Wetherby & Prizant, 1993).
Comments are (a) gestures or nonword vocaliza-
tions coordinated with attention to adult, (b) con-
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ventional gestures, or (c) symbols used to share
interest or positive affect about an event or object
(Mundy, 1995). The frequency of requests has
been found to predict later language level in
young children with Down syndrome (Mundy,
Kasari, Sigman, & Ruskin, 1995; Smith & von
Tetzchner, 1986) and with mixed-etiology intel-
lectual disabilities (Yoder et al., 1998). The num-
ber of comments have predicted language level a
year later in samples of children with Down syn-
drome (Mundy et al., 1995), autism (Mundy, Sig-
man, & Kasari, 1990), and mixed-etiology intellec-
tual disabilities (Yoder et al., 1998). However, we
note that the associations of requests and com-
ments with later language in the Down syndrome
samples did not control for initial language status
(Mundy et al., 1995; Smith & von Techner, 1986).
Therefore, the association could be explained by
individual differences in initial language causing
individual variation on requests or comments.

In addition to frequent use of particular pre-
speech communicative functions, the frequent use
of a particular prespeech form may be an impor-
tant predictor of later language. Canonical vocal
communication, which is one such form, is com-
prised of a vocalization with a consonant–vowel
syllable that is combined with a gesture or atten-
tion to the message recipient (Yoder et al., 1998).
Similar measures of vocal communication have
been associated with later language level in chil-
dren who are typically developing (Vihman &
Greenlee, 1987) and in children with delayed ex-
pressive language (Whitehurst, Smith, Fischel, Ar-
nold, & Lonigan, 1991). Frequency of canonical
vocal communication has predicted later language
in toddlers with mixed-etiology intellectual dis-
abilities (Yoder et al., 1998). However, Yoder et
al.’s past sample contained few children with
Down syndrome.

One reason why prelinguistic communication
is associated with later language may be because
it tends to elicit language-facilitating input from
responsive parents. Three such adult responses
were measured in this study: linguistic mapping,
compliance to child communication, and vocal
imitation of the child. Linguistic mapping is de-
fined here as the adult putting the child’s imme-
diately preceding, nonverbal-communication act
into words. Compliance is immediately doing what
the child requested in the prior communication
act. Vocal imitation is the adult imitating the
child’s vocalizations either exactly or with slight
modifications. Measured as one class of behaviors,

frequency of these parental responses has been
found to mediate the association between inten-
tional prelinguistic communication and later lan-
guage in children with mixed-etiology intellectual
disabilities (Yoder & Warren, 1999a). We call this
class of behaviors ‘‘optimal responses to child
communication.’’ Frequency of optimal responses
is clearly a dyadic variable. It reflects both fre-
quency of child communication and probability
of parental response.

Although past research supports these variables
as predictors of later language, no researchers have
as yet explicitly tested whether they are unique pre-
dictors of later language in children with intellec-
tual disabilities due to Down syndrome and other
etiologies. In addition, no other researchers have
investigated whether these predictors have different
predictive validity for children who differ in their
etiology of intellectual disability. In this study we
addressed the following research questions: (a) Do
requests, comments, canonical vocal communica-
tion, and number of optimal responses to child
communication predict productive and receptive
language development in children with intellectual
disabilities? (b) Does etiology of intellectual dis-
ability (i.e., Down syndrome vs. non-Down syn-
drome) predict the mean and variance of later pro-
ductive and receptive language? We expected lower
means and standard deviations (SDs) for the Down
syndrome group. (c) Finally, which predictors ac-
count for unique variance in language develop-
ment in children with intellectual disabilities above
and beyond etiology? (d) Is there a difference in
the magnitude of the association between predic-
tors and later language in children with than in
those without Down syndrome? We examined the
latter question by testing a statistical interaction be-
tween the predictor and etiology predicting lan-
guage. These questions are addressed with a sample
of toddlers who had intellectual disabilities and
were in the early linguistic stage of development
(Brown, 1973).

Method

Participants
Participants were 39 toddlers with intellectual

disabilities and their primary caregiver, 35 of
whom were mothers (87%); 2 were grandmothers,
1 was a foster mother, and 1 was a father. All
children scored below the 10th percentile on the
Expressive scale of the Communication Devel-
opment Inventory (Fenson et al., 1991). In addi-
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Table 1. Medians and SDs for Participant Description Variables by Group

Variable

Down syndrome

Median SD

No Down syndrome

Median SD

CA (in months)
Bayley MDIa,b

Bayley MAa (in months)
No. words parent reports child understandsc

No. words or signs parent reports child producesc,d

30
42
13

183
74

6
15
2

119
85

29
44
15

200
58

6
10
3

107
55

aBayley Scales of Infant Development. bUsing extrapolated norms when needed (Robinson & Mervis, 1996).
cCommunication Development Inventory-Infant scale (Fenson et al., 1991). dApparent differences in means were non-
significant. All between-etiology mean differences were nonsignificant.

tion, they all fit the Tennessee definition for hav-
ing developmental delay. Finally, all children’s
mental development indices (MDI) on the Bayley
Scales of Infant Development (Bayley, 1993) were
below 70. Twenty-two children (56%) were male;
19 (49%) were African American, 19 (48%) were
Caucasian, and 1 child was classified as ‘‘other.’’
The median formal parental education level was
high school graduation (range 5 8th grade to
more than 4 years of graduate school). The me-
dian occupational status score was 29 (SD 5 23).
The median occupational status of our sample was
slightly below the national average (Stevens &
Cho, 1985). Other data on the children is pre-
sented in Table 1. As can be seen, the groups were
not significantly different on CA, Bayley MDI,
and number of vocabulary words parents reported
at Time 1.

The etiology of the children’s intellectual dis-
abilities varied: 17 (44%) had Down syndrome.
The non-Down syndrome group was composed of
2 children with William syndrome, 1 with mild
cerebral palsy due to unknown etiology, and 1
whose disability was caused by encephalitis. The
rest of the non-Down syndrome group (n 5 17)
had unknown etiologies.

A certified audiologist screened children for
hearing losses using sound field screening at 500,
1000, and 2000 Hz. Thirty-eight percent of the
Down syndrome group and 63% of the non-
Down syndrome group passed the hearing screen-
ing (at or better than 25 dB HL). Range of hearing
thresholds were from 15 to 70 dB HL. Children
were retained for analysis, regardless of whether
they passed the hearing screening, because (a) as
many as 40% of children with intellectual dis-
ability due to unspecified etiologies (Yeates, 1995)
and as many at 60% to 80% of children with
Down syndrome (Pueschel, 1990) have hearing

impairments, and (b) other researchers have found
that hearing accounts for only 2% to 3% of the
variance in productive and receptive language
measures in children with Down syndrome (e.g.,
Chapman, 1995; Marcell & Cohen, 1992). How-
ever, we note that Chapman excluded children
with severe and profound impairments. That is,
excluding children who failed hearing screening
would have rendered the sample nonrepresenta-
tive of the population of children with mental re-
tardation without necessarily affecting our ability
to predict variance in later language.

In the present study, we found that hearing
thresholds were not related to later productive lan-
guage, r 5 2.19, nor did they interact with eti-
ology to predict later productive language. The
children’s hearing did not predict, r 5 2.27, or
interact with etiology to predict later receptive lan-
guage. Hearing was significantly worse in the
Down syndrome group than in the non-Down
syndrome group, t(38) 522.41, p 5 .03. How-
ever, as indicated above, hearing was unrelated to
later language. Therefore, variance in hearing
could not explain possible etiological differences
in later language. Further, hearing did not interact
with any Time 1 variable to predict any Time 2
language variable.

Design and Procedure
In this analysis we utilized a longitudinal cor-

relational design; language measures were admin-
istered at entry into the study (Time 1) and 6
months later (Time 2). Time 1 productive and re-
ceptive language were controlled to eliminate the
possibility that Time 1 language differences
caused the associations between Time 1 predictors
and Time 2 language.

Children’s school records were reviewed to
derive diagnostic information. The procedures
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given at Time 1 were (a) Communication Devel-
opment Inventory–Infant scale (Fenson et al.,
1991), (b) the Communication and Symbolic Be-
havior Scales (Wetherby & Prizant, 1993), (c) ex-
perimenter–child play session (Yoder & Warren,
1998), and (d) a parent–child session (Yoder &
Warren, 1998). At Time 2, the experimenter–child
play session and the Communication and Sym-
bolic Behavior Scales were repeated, and the (a)
Receptive scale of the Reynell Developmental
Language Scales (Reynell & Gruber, 1990) and (b)
an experimental measure called the Comprehen-
sion of Semantic Relations Test (Yoder & Warren,
2001b) was administered. The reason for giving
the Reynell Developmental Language Scales and
Comprehension of Semantic Relations Test only
at Time 2 only was because pilot testing indicated
that a majority of the children did not cooperate
during the testing protocol at Time 1. Therefore,
the Communication Development Inventory-In-
fant scale was used to control for individual dif-
ferences in Time 1 receptive language level.

Reynell Developmental Language Scales. The Re-
ceptive scales of the Reynell were administered to
the children to assess global receptive language
level at Time 2. The split-half reliability for the
scales ranged from .60 to .97, depending on the
age of the children (Reynell & Gruber, 1990). The
raw score from the Reynell Developmental Lan-
guage Scales was a component of the receptive
language outcome used in the current study.

Comprehension of Semantic Relations Test. This
experimental procedure was adapted from proce-
dures described in Bates et al. (1988) and is similar
to those described in Miller and Paul (1995). Our
assessment was composed of 12 pairs of directives.
Two pairs of directives exemplify 1 of 6 semantic
relations (i.e., Action 1 Object, Agent 1 Action,
Action 1 Location, Modifier 1 Entity; Possessor
1 Entity, Entity 1 Location). Within each pair,
there was an ‘‘easy’’ and a ‘‘hard’’ directive. The
easy directive could be correctly responded to
largely by relying on nonlinguistic comprehension
strategies (Chapman, 1980). An example of a hard
directive was ‘‘Kiss the ball.’’ To correctly answer
this latter directive, the child had to understand
both the action verb and the direct object noun.
The number of hard directives the child respond-
ed to correctly was a component of the receptive
language variable at Time 2.

Communication Development Inventory-Infant
scale. This scale was used to derive the parents’
report of the number of understood words at

Time 1. This number is the sum of the words only
understood plus the words and/or signs under-
stood and produced. For the expressive score, par-
ents were told to report only nonimitative words
or signs. For the comprehension scores, parents
were to report words or signs the child seemed to
understand without the use of gestures.

Communication and Symbolic Behavior Scales.
We administered the Communication Tempta-
tions and Book Sharing sections of the Commu-
nication and Symbolic Behavior Scales procedure.
An unfamiliar, experienced examiner conducted
these assessments. The Communication Tempta-
tions and Sharing Books are procedures designed
to entice a variety of child-initiated communica-
tive acts. Communication Temptations consist of
structured communication-eliciting situations in
which environmental arrangement, toy selection,
and verbal and gestural prompts are used to en-
courage communication (e.g., outstretched, palm-
up gesture plus ‘‘Do you need help?’’). Sharing
Books consists of question-asking and responding
around a picture book. The Communication and
Symbolic Behavior Scales was used to derive mea-
sures of child prelinguistic communication at
Time 1. In addition, the Communication and
Symbolic Behavior Scales was used to derive an
estimate of productive language from Times 1 and
2 that were later averaged with a similar variable
from the experimenter–child play session.

Experimenter–child play session. In this session,
the adult was instructed to play at the child’s level
with the toy of the child’s choosing, imitate what
the child was doing, and comment on the play.
She was instructed to avoid directives for action
or communication and to avoid modeling levels
of play higher than she had seen the child use
during the session. These sessions lasted 15 min-
utes. The toys were a baby doll, two baby bottles,
baby spoon, doll hairbrush, rattle, blanket, teapot
and two cups and saucers, four colored cylindrical
sticks, a large car, and a toy telephone. This ses-
sion was used to derive a second set of estimates
of Time 1 child prelinguistic communication. In
addition, productive language from the experi-
menter–child play session was combined with that
from the Communication and Symbolic Behavior
Scales to enable us to estimate productive lan-
guage at Times 1 and 2. More information on the
procedure and rationale for producing language
aggregates is provided below.

Parent–child play session. Parents were asked to
play with their children for a total of 15 minutes.
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During these sessions, the child was seated in a
chair that was attached to a table to maximize
visibility of child communication and adult re-
sponses on the videotape of the session. The pro-
cedure had three 5-minute segments. In the first
segment, developmentally appropriate toys were
placed in clear containers that could not be
opened without assistance. In the second segment,
the parent was given juice, cereal, and cookies and
told to give small portions to the child in response
to the child’s requests. While the child was eating
a snack, brief animal noises and the lowering of a
suspended slinky occurred. The parent was told to
ignore these events until the child drew the par-
ent’s attention to either the sound or the slinky.
The last segment of the parent–child session was
free play. The parents were told to play with the
child as they would at home. The data from these
three segments were summarized across the entire
session. This procedure has produced measures of
parental responsivity that were associated with lat-
er intentional communication and later language
in past research on children with intellectual dis-
abilities (Yoder, McCathren, Warren, & Watson,
2001). The parent–child play session was used to
derive estimates of the number of child commu-
nication acts to which parents use optimal re-
sponses at Time 1.

Coding and transcription. The Communication
and Symbolic Behavior Scales, experimenter–
child play session, and parent–child play session
were coded, and the Communication and Sym-
bolic Behavior Scales and experimenter–child play
session were transcribed. Coding and transcrip-
tion were conducted using repeated observations
of videotaped sessions with the aid of a custom-
designed software that scaffolds the coding and
transcription process (Tapp & Yoder, 1998). This
software formats the observer’s records according
to the requirements for Systematic Analysis of
Transcripts (Miller & Chapman, 1993). This anal-
ysis was used to count the coded behaviors to re-
duce measurement error due to miscounting. Var-
iables were derived from the systematic analysis
output. Observers were trained to at least 85%
summary-level agreement before coding or tran-
scribing the data to be analyzed. From the parent–
child play session, the number of child commu-
nication acts to which the parent optimally re-
sponded was coded. From the Communication
and Symbolic Behavior Scales and experimenter–
child play sessions at Time 1, the following vari-
ables were coded: (a) frequency of canonical vocal

communication, (b) frequency of child-initiated
comments, and (c) frequency of child-initiated re-
quests. Definitions and examples for these cate-
gories are given in Table 2.

At Times 1 and 2, lexical density was derived
from the Communication and Symbolic Behavior
Scales and experimenter–child play session. By lex-
ical density, we mean the number of different sym-
bols (i.e., signs and words) the child used nonimi-
tatively in a communication sample. This is not a
measure of vocabulary size per se. Lexical density,
which is affected by both loquaciousness and vo-
cabulary size (Yoder et al., 1998), differs from type
token ratio (i.e., the number of different words
used/total number of words used). Lexical density
was chosen over type token ratio because the latter
index does not change with development (Rich-
ards, 1987). Because vocabulary size increases into
adulthood and loquaciousness increases during the
early stages of language development, we expected
that lexical density would increase during the de-
velopmental period under study.

To be transcribed and counted as a word or
sign, the child’s word or sign attempt had to meet
four criteria. First, the word had to be included in
the American Heritage Dictionary of the English
Language (1992) or the Communication Devel-
opment Inventory-Infant scale or the sign had to
be included in A Basic Course in American Sign
Language (Humphries, Padden, & O’Rourke,
1980). Second, the word or sign had to be an ac-
ceptably close approximation to the adult form,
which means it contained at least one accurate
phoneme occurring in the correct position and
had the same number of syllables as the adult
word it was approximating or was a common di-
minutive of the word (e.g., sketti for spaghetti). An
acceptably close sign approximation occurred
when the movement and location with respect to
the rest of the body was like the conventional
sign. The hand shape did not have to match the
conventional sign exactly. Third, the proposed
word or sign had to have nonlinguistic support
for concluding the child was intending to repre-
sent a referent, event, thought, or feeling. For ex-
ample, if the child said ‘‘baba’’ while pointing to
the baby, the transcriber recorded ‘‘baby.’’ Fourth,
the word or sign had to be used nonimitatively
(i.e., not immediately after the adult’s use). The
word roots for these symbols were counted if at
least one instance of the word root was used non-
imitatively. A word root is the uninflected form of
a word. For example, ball and ball/s were counted
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Table 2. Definitions and Examples of Communication and Responsivity Variables

Variable Definitions Examples

Child’s
communication

Gesture & vocalization, vocalization & atten-
tion to the adult, or symbol & attention to
the adult or symbol with attention to the
adult. The list of gestures used is indicated in
the Communication and Symbolic Behavior
Scales scoring manual.

1. Handing object to adult.
2. Pointing to object and

looking at adult.
3. Saying ‘‘uhoh’’ and

looking at adult.

Child’s requests Child initiated (i.e., unprompted)
communication acts for the purposes of
requesting an object, action, or event.

1. Child reaches to object
and vocalization.

2. Peek-a-boo routine is
interrupted and child
vocalizes to adult and
points to blanket while
smiling.

3. Child reaches up to the
adult to be picked up.

Child comments Child-initiated communication acts that request
adult to attend to an object or event or
attempts to share affect or experience
about an object or event without trying to
get the adult to do anything.

1. Child points in the
direction of a noise in
the hall. After adult
acknowledges the noise,
child goes back to
playing.

2. Adult hands 5 blocks to
child who is putting
blocks in a box. Adult
hands a Snoopy dog to
the child. Child shows
Snoopy dog to adult
and vocalizes and
smiles.

Optimal parental
response

Complying with the presumed meaning of the
immediately prior child’s communicative
message.

Exact, reduced, or expanded imitation of
immediately preceding child vocalization.

Exact verbal recoding of the child’s
immediately preceding nonverbal
communication act.

Child reaches for toy that
is out of reach; mother
gets toy for child.

Child says ‘‘ah’’; mother
says ‘‘agha.’’

Child points to a toy bird;
mother says ‘‘That’s a
bird!’’

as the same word root. Diminutives (e.g., kitty)
were counted as identical to conventional word
roots (e.g., cat).

Deriving aggregate language outcome measures.
Two aggregate measures of language development
were derived: one for productive and one for re-
ceptive language. Aggregate measures were created
because classical measurement theory suggests

that combining more than one valid, but nonre-
dundant, measure of a construct improves the es-
timate of the true score for that construct (Allen
& Yen, 1979; Baggaley, 1988). To create the re-
ceptive aggregate, we standardized the raw scores
from the Reynell Developmental Language Scales
and the number of correct hard directives from
the Comprehension of Semantic Relations Test
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and computed their average. We note that these
two receptive measures had a correlation of .74, p
, .001. For the productive measure, we averaged
the two lexical density measures from the Com-
munication and Symbolic Behavior Scales and ex-
perimenter–child play session. The intercorrela-
tions of these two lexical density measures at
Times 1 and 2 were .80 and .83, respectively.

Reliability
Test–retest reliability was assessed on the

Communication Development Inventory-Infant
scale over a 2-week interval. Interobserver reliabil-
ity was estimated between two observers for all
coded or transcribed variables. Both types of re-
liability were estimated from a random sample of
20% of the data. The reliability estimate used was
the G coefficient (Cronbach, Gleser, Norda, & Ra-
jaratnam, 1972). Test–retest reliability for the
number of understood words on the Communi-
cation Development Inventory-Infant scale was
.98. The average interobserver reliability for lexical
density at Times 1 and 2 in the experimenter–
child play session and Communication and Sym-
bolic Behavior Scales was .94 and .84, respective-
ly. The average interobserver reliability for the
other child communication variables was .92 (SD
5 .08). The interobserver reliability estimates for
the number of optimal parental responses was .86.

Analysis
Pearson’s correlation coefficient was used to

quantify the zero-order correlation of Time 1 pre-
dictors with Time 2 language. Multiple regression
was used to control for other variables to identify
unique predictors of later language. Nonlanguage
predictors entered into the final regression to
identify unique predictors of later language were
selected on the basis of low intercorrelations with
each other but significant partial correlations with
later language. We tested interactions with etiol-
ogy by entering dummy coded etiological group
(i.e., 0 or 1), the predictor variable, and their prod-
uct term in simultaneous multiple regressions pre-
dicting language.

Results

Preliminary Results
At Time 1, the etiological groups (i.e., Down

syndrome vs. non-Down syndrome) were not sig-
nificantly different on CA, MDI, or number of

symbols understood or produced on the Com-
munication Development Inventory. In addition,
etiological groups were not significantly different
on number of comments in the Communication
and Symbolic Behavior Scales and experimenter–
child play session, number of requests in the ex-
perimenter–child play session, and number of op-
timal parental responses (see Table 1).

The non-Down syndrome group’s means,
however, were higher than those of the Down syn-
drome group on the following Time 1 variables:
lexical density, t(37) 5 2.8, p 5 .01, number of
canonical vocal communication acts in the Com-
munication and Symbolic Behavior Scales, t(37)
5 2.0, p 5 .05, experimenter–child play session,
t(37) 5 2.3, p 5 .03, and number of requests from
the Communication and Symbolic Behavior
Scales, t(37) 5 3.0, p 5 .004. If any of these four
variables predicted language after controlling for
Time 1 language, then we controlled for them
when testing for the etiological differences in lan-
guage.

Do Requests, Comments, Canonical Vocal
Communication, and Number of Optimal
Parental Responses to Child Communication
Predict Later Language?

Productive language. Table 3 provides the Pear-
son values for the zero-order correlations between
Time 1 predictors and Time 2 lexical density. All
predictors had significant correlations with later
productive language, except for the number of re-
quests in the experimenter–child play session. Ta-
ble 4 provides the partial correlations of these
Time 1 variables with Time 2 lexical density after
controlling for Time 1 lexical density. The Time
1 predictors of Time 2 lexical density after con-
trolling for Time 1 lexical density were (a) number
of optimal parental responses, (b) number of ca-
nonical vocal communication acts in the Com-
munication and Symbolic Behavior Scales, and (c)
etiology.

Receptive language. All predictors had signifi-
cant correlations with Time 2 receptive language,
with the exception of number of requests in the
experimenter–child play session and number of
optimal parental responses (see Table 3). After
controlling for Time 1 receptive language (i.e.,
number of words understood on the Communi-
cation Development Inventory-Infant scale), Time
1 lexical density, number of canonical vocal com-
munication acts in the Communication and Sym-
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Table 3. Zero-Order Correlations With Time 2 Lexical Density and Receptive Language

Time 1 predictor

Time 2

Lexical
density

Receptive
language

Lexical density
No. of words understood on CDIa

No. of canonical vocal communication acts in CSBSb

No. of canonical vocal communication acts in
experimenter–child play session

No. of comments in CSBS

.80

.42

.73

.79

.59

.57

.44

.56

.54

.35
No. of comments in experimenter–child play session
No. of requests in CSBS
No. of requests in experimenter–child play session
Etiology
No. of optimal parental responses

.59

.41
ns

2.51
.33

.35

.45
ns

2.59
ns

aCommunication Development Inventory-Infant scale. bCommunication and Symbolic Behavior Scales.

Table 4. Partial Correlations With Time 2 Language After Controlling for Time 1 Language

Time 1 predictor

Time 2

Lexical
density

Receptive
language

Lexical density ns .49*

No. of canonical vocal communication acts

In CSBSa

In experimenter–child play session
.47*
ns

.47*

.45*
No. of requests in CSBS
Etiology
No. of optimal parental responses

ns
2.37*

.37*

.40*
2.65*

ns
aCommunication and Symbolic Behavior Scales.
*p , .05.

bolic Behavior Scales and experimenter–child play
session, number of requests in the Communica-
tion and Symbolic Behavior Scales, and etiology
still predicted Time 2 receptive language (see Ta-
ble 4 for partial r values).

Does the Etiology of Intellectual Disability
Predict Mean and Variance of Language?

To provide a rigorous test of whether later
language varied by etiology, we tested for an eti-
ology effect on Time 2 language after controlling
for Time 1 language and each of the Time 1 var-
iables that (a) varied with etiology and (b) had a
significant partial correlation with Time 2 lan-
guage.

Productive language. Of the variables that co-
varied with etiology at Time 1, only lexical density
at Time 1 predicted lexical density at Time 2, r 5
.80, p 5 .003. After controlling for Time 1 lexical
density, we found that etiology continued to pre-
dict Time 2 lexical density, partial r 5 2.37, p 5
.02. The standardized mean difference was quite
large, d 5 1.17 (Down syndrome mean 5 4.8, SD
5 4.3; non-Down syndrome mean 5 24, SD 5
22). As suggested by the SDs for these means, the
variance was also significantly smaller in the
Down syndrome group than in the non-Down
syndrome group, F(1, 38) 5 25.7, p 5 .000. The
variance difference was quite large (i.e., over 5
times the variance in the Down syndrome group).
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Table 5. Intercorrelations of Time 1 Predictors of Receptive Language

Predictor 1 2 3 4 Etiology

1. Lexical density
2. No. of words understood
3. No. of canonical vocsa in CSBSb

4. No. of canonical vocs in experimenter–child play session

.37 .63
.39

.90

.37

.63

2.38
ns
ns

2.33
aCanonical vocal communications.
bCommunication and Symbolic Behavior Scales.

Receptive language. Of the variables that co-
varied with etiology, the following Time 1 vari-
ables predicted Time 2 receptive language above
and beyond Time 1 receptive language: (a) lexical
density, (b) number of canonical vocal commu-
nication acts in the experimenter–child play ses-
sion, and (c) number of requests in the Commu-
nication and Symbolic Behavior Scales. Lexical
density and number of canonical vocal commu-
nication in the experimenter–child play session
were highly correlated, r 5 .90. Therefore, we
dropped number of canonical vocal communica-
tion in the experimenter–child play session from
the list of variables to control. The following Time
1 predictors were controlled when testing the eti-
ology effect on Time 2 receptive language: recep-
tive language, lexical density, number of requests
in the Communication and Symbolic Behavior
Scales and etiology. Etiology still had a significant
effect after controlling for these variables, partial
r 5 2.59, p 5 .002. Squaring these partial corre-
lation coefficients indicated that these effects were
quite large (i.e., 35% of the variance). The stan-
dardized mean difference was also quite large, d
5 1.46 (Down syndrome mean 5 2.62, SD 5
.51; non-Down syndrome mean 5 .48, SD 5 .9).
The variance was also significantly smaller in the
Down syndrome group, F(1, 38) 5 6.9, p 5 .01.

Which Predictors Account for Unique
Variance in Language Development Above
and Beyond that of Etiology?

Productive language. We only included predic-
tors that did not interact with etiology in our mul-
tivariate predictive model. Time 1 lexical density,
t(34) 5 7.3, p 5 .000, partial r 5 .78, number of
optimal parental responses, t(34) 5 2.96, p 5 .005,
partial r 5 .45, and etiology, t(34) 5 22.97, p 5
.006, partial r 5 2.45, all accounted for unique
variance in Time 2 lexical density. Together they
accounted for 76% of the variance in Time 2 lex-

ical density. However, the population variance ex-
plained is probably smaller because of the small
sample size used in the present study.

Receptive language. To build a parsimonious
predictive model, we reduced the number of pre-
dictors by selecting variables with low correlations
with Time 1 receptive language and other poten-
tial Time 1 predictors. Table 5 provides the inter-
correlations of the predictors of Time 2 receptive
language above and beyond Time 1 receptive lan-
guage. Only one canonical vocal communication
variable was entered to avoid conceptual redun-
dancy. Because canonical vocal communication
in the experimenter–child play session was so
highly correlated with Time 1 lexical density, the
former was entered into the multivariate model.
This left Time 1 receptive language, number of
canonical vocal communication acts in the exper-
imenter–child play session, number of requests in
the Communication and Symbolic Behavior
Scales, and etiology as predictors. Only Time 1
receptive language, t(35) 5 2.6, p 5 .01, partial r
5 .41, and etiology, t(35) 5 23.6, p 5 .001, par-
tial r 5 2.53, continued to predict Time 2 recep-
tive language after controlling for the other pre-
dictors. When only these two variables were in-
cluded in the model, they accounted for 55% of
the variance in Time 2 receptive language, F(2, 36)
5 20.6, p , .001. Again, the population variance
explained is probably smaller because of the small
sample size used in the present study.

Is There a Difference in the Magnitude of the
Association Between Predictors and Language
in Children With Down Syndrome Compared
to Those Without Down Syndrome?

We addressed this question through testing
the statistical interaction of etiology and predic-
tor, using language as the criterion variable. Num-
ber of canonical vocal communication acts in the
Communication and Symbolic Behavior Scales
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Figure 1. Interaction of number of comments in the experimenter–child play session at Time 1 (T1)
and etiology predicting Time 2 (T2) lexical density. NDS 5 non-Down syndrome, DS 5 Down syn-
drome, CSBS 5 Communication and Symbolic Behavior Scales.

interacted with etiology to predict lexical density
at Time 2, even after controlling for Time 1 lexical
density, t(34) 5 22.65, p 5 .01, R2 change 5 .17.
In addition, number of canonical vocal commu-
nication acts in the experimenter–child play ses-
sion at Time 1, t(35) 5 22.79, p 5 .008, R2

change 5 .18, and number of comments in the

Communication and Symbolic Behavior Scales at
Time 1, t(35) 5 22.16; p 5 .04; R2 change 5 .12,
also interacted with etiology to predict Time 2
lexical density after controlling for Time 1 lexical
density. In all three cases, these interactions oc-
curred because there was a stronger association of
the Time 1 predictor and Time 2 lexical density
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in the non-Down syndrome group than in the
Down syndrome group. Figure 1 illustrates one of
these interactions. Etiology did not interact with
any of the Time 1 variables to predict Time 2
receptive language.

Summary of Results
The unique Time 1 predictors of later lexical

density were initial lexical density, etiology, and
number of parental optimal responses. The
unique Time 1 predictors of later receptive lan-
guage were initial receptive language and etiology.
Time 1 number of canonical vocal communica-
tion and comments predicted later lexical density
in the non-Down syndrome group but not in the
Down syndrome group. After controlling for all
measured variables that could have accounted for
the difference, we found that children with Down
syndrome had lower mean and less varied recep-
tive and productive language than did those with-
out Down syndrome.

Discussion
In this study we focused on identifying

unique predictors of later language in children
with intellectual disabilities. We rigorously tested
whether etiology of the intellectual disability
(Down syndrome vs. non-Down syndrome) af-
fected the level, variability, and predictors of later
language. The results highlight the importance of
considering etiology as a predictor of later lan-
guage in three ways. First, children with Down
syndrome had less receptive and productive lan-
guage 6 months after entry into the study than
comparable children with intellectual disabilities
due to other reasons. Second, the receptive and
productive language in the children with Down
syndrome was less variable. Finally, canonical vo-
cal communication and comments predicted later
productive language more strongly in the non-
Down syndrome group than in the Down syn-
drome group. Further, the results highlight the
continued importance of considering parental op-
timal responding to child communication as a
predictor of later productive language in children
with intellectual disabilities, regardless of etiology.

Determining the behavioral phenotype for
Down syndrome in humans is restricted to a non-
experimental research design because we obvious-
ly cannot experimentally manipulate the presence
of Down syndrome in humans. Therefore, it is
possible that apparent differences between, or in-

teractions with, etiological groups could be due to
variables that coincidentally covary with etiology
in this sample. However, we note that the chil-
dren did not differ significantly on CA, MA, and
intellectual impairment level (i.e., Bayley MDI)
and parent-reported vocabulary size at Time 1. In
addition, all measured Time 1 variables were sta-
tistically controlled if they could account for the
etiological differences. Therefore, it is unlikely
that these results are spurious. The design and re-
sults suggest that the presence of Down syn-
drome, per se, affected the developmental course
of language development above and beyond that
caused by degree of general intellectual impair-
ment and initial developmental level. Even so, it
is important to remember that replication is the
only way to determine whether the apparent eti-
ological differences in this study were due to un-
measured covarying variables.

Another potential limitation of the study was
that the associations could be sample-specific. The
potential causes of this sample specificity are small
sample size and multiple tests of significance. Un-
less we control for it, such multiple significance
testing causes elevated experiment-wise error
above the .05 level. The Bonferroni method was
not used in this study because the sample size was
relatively small and the effect sizes of correlates of
language development are typically moderate.
Further, the Bonferroni method is too conserva-
tive when predictors are nonindependent (Yoder,
Blackford, Waller, & Kim, 2003). Using the Bon-
ferroni correction method in our situation would
have almost ensured high type II error rates.
Therefore, replication is the primary method of
determining whether the results of the present
study have generality.

In the interests of aiding future efforts at more
confirmatory analyses of predictors of later lan-
guage, we examine here the extent to which results
of past studies are consistent with our present
findings. As indicated in the introduction, com-
ments have been found to predict later language
in other samples of young children with Down
syndrome (Mundy et al., 1995; Smith & von Tetz-
chner, 1986) and with intellectual disabilities for
a variety of reasons (Yoder et al., 1998). However,
in Mundy et al., when initial language measures
were controlled, comments no longer predicted
later language in children with Down syndrome.
In the present study we also controlled initial lan-
guage status. Therefore, our finding that com-
ments more strongly predict productive language
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in the non-Down syndrome sample than in the
Down syndrome sample is consonant with Mun-
dy et al.’s data.

In contrast, the past literature that has shown
that canonical vocal communication is related to
later productive language in children with intel-
lectual disabilities included only three children
with Down syndrome (Yoder et al., 1998). To-
gether with our present finding that canonical vo-
cal communication predicts later productive lan-
guage more powerfully in the non-Down syn-
drome group than in the Down syndrome group,
this suggests that we should limit our generaliza-
tion to the former group. Additional research is
needed to determine why canonical vocal com-
munication would not predict later productive
language in children with Down syndrome.

In profile analysis studies, Miller (1999) re-
ported that children with Down syndrome tend
to have special difficulty with expressive language.
Miller did not carefully match on intellectual im-
pairment and cognitive level and did not find spe-
cial difficulty with receptive language. In addition,
we focused on children in the prelinguistic and
early linguistic stages of development; whereas
Miller’s analysis showed that the productive-delay
profile was most salient in older children with
Down syndrome. Therefore, the most conserva-
tive approach to interpreting our results is to wait
for replication to conclude that Down syndrome,
per se, affects the level and variability of language
development in the early stages of language ac-
quisition.

If future research confirms that children with
Down syndrome have more trouble developing
language than do those with non-Down syndrome
intellectual disability, then additional research will
be needed to identify what aspect of the language
acquisition process is different in children with
Down syndrome. That is, there may be obstacles
to language development that are associated with
Down syndrome that are not as prevalent or as
severe in children with non-Down syndrome in-
tellectual disabilities. For example, those with
Down syndrome tend to have substantially worse
auditory memory than do developmentally
matched children with non-Down syndrome in-
tellectual disabilities (Marcell, Ridgeway, Sewell, &
Whelan, 1995). Compared to their visual memo-
ries, children with Down syndrome have relatively
weak verbal short-term memories (Marcell &
Weeks, 1988). Also, auditory memory has been
found to be associated with, and is approximately

on the same level with, expressive language in
children with Down syndrome (Chapman, 1995).
Therefore, it is possible the etiology-specific re-
sults of the present study are due to relatively
weak auditory memories, which necessitate more
exposures to language input before these children
can use the linguistic input they receive to acquire
language. Future work is needed to test this hy-
pothesis.

Above and beyond etiology, we found that
the number of optimal parental responses pre-
dicted later productive and receptive language.
Frequency of optimal responding to child com-
munication predicted receptive and productive
language in another sample of children with in-
tellectual disabilities (Yoder, McCathren et al.,
2001). Therefore, we have growing confidence
that optimal parental responding will continue to
replicate as a predictor of productive language in
future studies of children with intellectual disabil-
ities. This finding is important, in part, because it
is a malleable environmental variable. We note
that it was number, not proportion, of communi-
cation acts to which parents optimally responded
that predicted later language. This is clearly a var-
iable that is influenced by both parent and child.
One cannot respond to communication unless
the child communicates. Fortunately, learning to
be responsive has been shown to facilitate child
intentional communication (Wilcox, 1992; Yoder
& Warren, 1999b, 2002). Furthermore, intentional
communication has been shown to elicit optimal
responses from responsive parents (Yoder & War-
ren, 2001a). Therefore, working on both child
communication and parental responses to child
communication is likely to have a synergistic ef-
fect on children’s language development. Treat-
ment approaches that are focused on increasing
frequency and clarity of child communication and
consistency of parental responsivity to child com-
munication (e.g., Responsive Education and Pre-
linguistic Milieu Teaching, Yoder & Warren,
2002; Enhanced Milieu Teaching, Kaiser, Hester,
& McDuffie, 2001) appear particularly appropriate
for young children with intellectual disabilities in
the prelinguistic and early linguistic stages of de-
velopment.

In summary, parents of children with Down
syndrome need not interpret this report as hav-
ing negative implications. Research suggests that
they can maximize their child’s language devel-
opment by enhancing their responsivity to their
child’s communication. Future etiology-specific
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research is needed to elucidate the cause and ap-
propriate clinical response of the different pat-
tern of findings for the children with Down syn-
drome. Relative weakness of auditory memory in
children with Down syndrome is offered as a hy-
pothesized explanation for etiological differences
in language development and in the predictors
of language development. The relative effective-
ness of intervention approaches designed to ad-
dress the specific strengths and deficits of chil-
dren with Down syndrome need to be directly
tested as well.

References
Abbeduto, L., Furman, L., & Davies, B. (1989).

Relation between the receptive language and
MA of persons with mental retardation. Amer-
ican Journal on Mental Retardation, 93, 535–
543.

Abbeduto, L., Murphy, M., Cawthon, S., Rich-
mond, E., Weissman, M., Karadottir, S., &
O’Brien, A. (2003). Receptive language skills
of adolescents and young adults with Down
syndrome or fragile X syndrome. American
Journal on Mental Retardation, 108, 149–160.

Allen, M. J., & Yen, W. M. (1979). Introduction to
measurement theory. Monterey, CA: Brooks/
Cole.

American Heritage Dictionary of the English Lan-
guage. (1992). Boston: Houghton Mifflin.

Baggaley, A. R. (1988). The relative usefulness of
multiple measures for differentiating among
groups of people. Educational and Psychological
Measurement, 48, 89–92.

Bates, E., Benigni, L., Bretherton, I., Camaioni,
L., & Volterra, V. (1979). The emergence of sym-
bols: Cognition and communication in infancy.
New York: Academic Press.

Bates, E., Bretherton, I., & Snyder, L. (1988). From
first words to grammar: Individual differences and
dissociable mechanisms. London: Cambridge
University Press.

Bayley, N. (1993). Bayley Scales of Infant Develop-
ment manual (2nd ed., rev.). San Antonio, TX:
Psychological Corp.

Brown, R. W. (1973). A first language; the early stag-
es. Cambridge: Harvard University Press.

Chapman, R. (1980). Comprehension strategies in
two and three year olds: Animate agents or
probable events? Journal of Speech and Hearing
Research, 21, 746–761.

Chapman, R. (1995). Language development in

children and adolescents with Down syn-
drome. In P. Fletcher & B. MacWhinney
(Eds.), Handbook of child language (pp. 641–
663). Oxford: Blackwell Publishers.

Chapman, R., & Hesketh, L. (2000). Behavioral
phenotype of individuals with Down syn-
drome. Mental Retardation and Developmental
Disabilities Research Reviews, 6, 84–95.

Chapman, R., Seung, H., Schwartz, S., & Raining
Bird, E. (1998). Language skills of children
and adolescents with Down syndrome: II.
Production deficits. Journal of Speech, Lan-
guage, and Hearing Research, 41, 861–873.

Cronbach, L. N., Gleser, G. C., Norda, H., & Ra-
jaratnam, N. (1972). The dependability of behav-
ioral measurements: Theory of generalizability for
scores and profiles. New York: Wiley.

Fenson, L., Dale, P. S., Reznick, S., Thal, D.,
Bates, E., Hartung, J. P., Pethnick, S., & Reil-
ly, J. S. (1991). Technical manual for the Mac-
Arthur Communicative Development Inventories.
San Diego: San Diego State University.

Hart, B. (1996). The initial growth of expressive
vocabulary among children with Down syn-
drome. Journal of Early Intervention, 8, 211–
221.

Humphries, T., Padden, C., & O’Rourke, R.
(1980). A basic course in American sign lan-
guage. Silver Springs, MD: T. J. Publishers.

Kaiser, A., Hester, P., & McDuffie, A. (2001). Sup-
porting communication in young children
with developmental disabilities. Mental Retar-
dation and Developmental Disabilities Research
Reviews, 7, 143–150.

Marcell, M., & Cohen, S. (1992). Hearing abilities
of Down syndrome and other mentally hand-
icapped adolescents. Research in Developmental
Disabilities, 13, 533–551.

Marcell, M., Ridgeway, M., Sewell, D., & Whelan,
M. (1995). Sentence imitation by adolescents
and young adults with Down’s syndrome and
other intellectual disabilities. Journal of Intel-
lectual Disability Research, 39, 215–232.

Marcell, M., & Weeks, S. (1988). Short-term mem-
ory difficulties in Down’s syndrome. Journal
of Mental Deficiency, 32, 153–162.

Miller, J. (1999). Profiles of language development
in children with Down syndrome. In J. Miller,
M. Leddy, & L. Leavitt (Eds.), Improving the
communication of people with Down syndrome
(pp. 11–40). Baltimore: Brookes.

Miller, J., & Chapman, R. (1993). Systematic anal-
ysis of language transcripts [Computer soft-



q American Association on Mental Retardation 299

VOLUME 109, NUMBER 4: 285–300 z JULY 2004 AMERICAN JOURNAL ON MENTAL RETARDATION

Prelinguistic predictors of language P. J. Yoder and S. F. Warren

ware]. Madison: University of Wisconsin,
Waisman Center.

Miller, J., & Paul, R. (1995). The clinical assessment
of language comprehension. Madison: University
of Wisconsin, Waisman Center.

Mundy, P. (1995). Joint attention and social-emo-
tional approach behavior in children with au-
tism. Development and Psychopathology, 7, 63–
82.

Mundy, P., Kasari, C., Sigman, M., & Ruskin, E.
(1995). Nonverbal communication and early
language acquisition in children with Down
syndrome and in typically developing chil-
dren. Journal of Speech and Hearing Research,
38, 157–167.

Mundy, P., Sigman, M., & Kasari, C. (1990). A
longitudinal study of joint attention and lan-
guage development in autistic children. Jour-
nal of Autism and Developmental Disorders, 20,
115–128.

Paul, R., Looney, S., & Dahm, P. (1991). Com-
munication and socialization skills at ages 2
and 3 in ‘‘late-talking’’ young children. Journal
of Speech, Language, and Hearing Research, 34,
858–865.

Pueschel, S. (1990). Clinical aspects of Down syn-
drome from infancy to adulthood. American
Journal of Medical Genetics (Suppl. 7), 52–56.

Reynell, J. K., & Gruber, C. P. (1990). The manual
for the Reynell Developmental Language Scales,
U.S. edition. Los Angeles: Western Psycholog-
ical Services.

Richards, B. (1987). Type/token ratios: What do
they really tell us? Journal of Child Language,
14, 201–210.

Sameroff, A., & Chandler, M. (1975). Reproduc-
tive risk and the continuum of caretaking ca-
sualty. In M. Horowitz, M. Hetherington, S.
Scarr-Salapatek, & G. Siegel (Eds.), Review of
child development research (pp. 187–244). Chi-
cago: University Park Press.

Smith, L., & von Tetzchner, S. (1986). Commu-
nicative, sensorimotor, and language skills of
young children with Down syndrome. Amer-
ican Journal of Mental Deficiency, 91, 57–66.

Tapp, J. T., & Yoder, P. J. (1998). Trbuilder: Aiding
the coding of transcriptions for SALT analysis
[Computer software]. Nashville: Vanderbilt
University.

Thal, D., Tobias, S., & Morrison, D. (1991). Lan-
guage and gesture in late talkers: A one year
follow-up. Journal of Speech and Hearing Re-
search, 34, 604–612.

Wetherby, A. M., & Prizant, B. (1993). Commu-
nication and Symbolic Behavior Scales manual:
Normed edition. Chicago: Riverside.

Wilcox, M. J. (1992). Enhancing initial commu-
nication skills in young children with devel-
opmental disabilities through partner pro-
gramming. Seminars in Speech and Hearing, 13,
194–212.

Yeates, S. (1995). The incidence and importance
of hearing loss in people with severe learning
disability: The evolution of a service. British
Journal of Learning Disabilities, 23, 79–84.

Yoder, P. J., Blackford, J., Waller, N., & Kim, Y.
(2003). Enhancing power while controlling family-
wise error in electrocortical studies. Manuscript
submitted for publication.

Yoder, P. J., McCathren, R., Warren, S., & Wat-
son, A. L. (2001). Important distinctions in
measuring maternal responses to communi-
cation in children with disabilities. Commu-
nication Disorders Quarterly, 22, 135–147.

Yoder, P. J., & Warren, S. (1993). Can develop-
mentally delayed children’s language devel-
opment be enhanced through prelinguistic in-
tervention? In A. Kaiser & D. Gray (Eds.), En-
hancing children’s communication: Research foun-
dations for intervention (pp. 35–62). Baltimore:
Brookes.

Yoder, P. J., & Warren, S. F. (1998). Maternal res-
ponsivity predicts the prelinguistic commu-
nication intervention that increases general-
ized intentional communication. Journal of
Speech, Language, and Hearing Research, 41,
1207–1219.

Yoder, P. J., & Warren, S. F. (1999a). Maternal
responsivity mediates the relationship be-
tween prelinguistic intentional communica-
tion and later language. Journal of Early Inter-
vention, 22, 126–136.

Yoder, P. J., & Warren, S. F. (1999b). Self-initiated
comments and proto-imperatives can be facil-
itated in prelinguistic children with develop-
mental disabilities. Journal of Early Interven-
tion, 22, 337–354.

Yoder, P. J., & Warren, S. F. (2001a). Intentional
communication elicits language-facilitating
maternal responses in dyads with children
who have developmental disabilities. Ameri-
can Journal on Mental Retardation, 106, 327–
335.

Yoder, P. J. & Warren, S. F. (2001b). Relative treat-
ment effects of two prelinguistic communi-
cation interventions on language develop-



300 q American Association on Mental Retardation

VOLUME 109, NUMBER 4: 285–300 z JULY 2004 AMERICAN JOURNAL ON MENTAL RETARDATION

Prelinguistic predictors of language P. J. Yoder and S. F. Warren

ment in toddlers with developmental delays
vary by maternal characteristics. Journal of
Speech, Language, and Hearing Research, 44,
224–237.

Yoder, P. J., & Warren, S. F. (2002). Effects of pre-
linguistic milieu teaching and parent respon-
sivity education in dyads with children with
intellectual disabilities. Journal of Speech, Lan-
guage, and Hearing Research, 45, 1158–1174.

Yoder, P. J., Warren, S. F., & McCathren, R.
(1998). Determining the spoken language
prognosis in children with developmental dis-
abilities. American Journal of Speech–Language
Pathology, 7, 77–87.

Received 9/9/02, accepted 8/2/03.

Editor-in-charge: Leonard Abbeduto

This work was supported by National Institute of
Child Health and Human Development
(NICHD) Grant R01-34520 awarded to the au-
thors and NICDH Core Grant HD15052, which
supports the John F. Kennedy Center at Vander-
bilt University. Thanks are given for the work of
the research staff (Ann Edwards, Dawn Garcia,
Melanee Horton, Melanie Jacobs, Melanie Jarzyn-
ka, Aimee McKey, Lisa Stepp, Carole Pickett, and
Hope Vanbeselaere) and families who participated
in this research. Requests for reprints should be
sent to Paul Yoder, Peabody Box 328, Vanderbilt
University, Nashville, TN 37203. E-mail:
paulpyoder@vanderbilt.edu


