
Statistical Learning in Children
With Specific Language Impairment

Purpose: In this study, the authors examined (a) whether children with specific
language impairment (SLI) can implicitly compute the probabilities of adjacent sound
sequences, (b) if this ability is related to degree of exposure, (c) if it is domain specific
or domain general and, (d) if it is related to vocabulary.
Method: Childrenwith SLI and normal language controls (ages 6;5–14;4 [years;months])
listened to 21 min of a language in which transitional probabilities within words were
higher than those between words. In a second study, children with SLI and Age–
Nonverbal IQ matched controls (8;0–10;11) listened to the same language for 42 min
and to a second 42min “tone” language containing the identical statistical structure as
the “speech” language.
Results:After 21min, the SLI group’s performancewasat chance,whereas performance
for the control group was significantly greater than chance and significantly
correlated with receptive and expressive vocabulary knowledge. In the 42-minute
speech condition, the SLI group’s performance was significantly greater than chance
and correlated with receptive vocabulary but was no different from chance in the
analogous 42-minute tone condition. Performance for the control group was again
significantly greater than chance in 42-minute speech and tone conditions.
Conclusions: These findings suggest that poor implicit learning may underlie
aspects of the language impairments in SLI.

KEY WORDS: specific language impairment, implicit learning, statistical learning,
child language development, child language disorders

S pecific language impairment (SLI) refers to a group of children who
have difficulty acquiring and using language in the absence of
hearing, intellectual, emotional, or neurological impairments.

Several theories have been proposed as accounts of SLI. Modularist
accounts of SLI view grammar as distinct from other aspects of the lan-
guage system, and have focused on characterizing grammatical impair-
ments seen in SLI. These accounts include proposals that children with
SLI are late in setting specific parameters of their grammatical system
(e.g., Rice, Wexler, & Cleave, 1995), are missing specific grammatical fea-
tures (e.g., Gopnik & Crago, 1991), or have a representational deficit for
dependent relationships (e.g., van der Lely, 2003). Nonmodular accounts
of SLI ask whether the auditory perceptual, working memory, and/or
speed of processing deficits seen in SLI may instead be candidate causal
mechanisms of the language disorders (e.g., Bishop, 1992; Ellis Weismer,
Evans, & Hesketh, 1999; Gathercole & Baddeley, 1990, 1993; Joanisse &
Seidenberg, 1998; Leonard et al., 2007; Merzenich et al., 1996; Miller,
Kail, Leonard, & Tomblin, 2001; Montgomery, 2000; Tallal et al., 1996).

Ullman has recently proposed a modularist account of SLI based on
his declarative/procedural (DP) model of language acquisition (Ullman,
2001a, 2001b; Ullman, 2004; Ullman & Pierpont, 2005). The DP model
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starts from the assumption that the language system is
made up of a memorized mental lexicon and a structur-
ally distinct computational mental grammar (Pinker,
1994). In the DP model, Ullman proposes that the men-
tal lexicon is made up of memorized, arbitrary, word-
specific knowledge that is learned by the declarative
memory system. The mental grammar, in contrast, is
supported by the brain structures that underlie one
type of implicit memory—procedural learning—that is
involved in the learning and processing of rule-like rela-
tions in the context of real-time serial, abstract, sensori-
motor, or cognitive sequences (Eichenbaum & Cohen,
2001; Reber & Squire 1994; Schacter & Tulving, 1994;
Squire, 1992; Squire&Knowlton, 2000; Squire, Knowlton,
& Musen, 1993). With respect to SLI, Ullman proposes
that at least a subset of these children has impaired
procedural learning systems. Based on a review of SLI
research and findings from a series of studies of inflec-
tional morphology use and motor functions from the KE
family, Ullman and colleagues (Ullman & Gopnik, 1999;
Ullman & Pierpont, 2005) argue that children with SLI
have abnormalities in the brain structures that support
procedural learning in general, and more specifically,
the learning of rule-based mental grammar. Accordingly,
they argue that the morphosyntactic deficits, working
memory involvement, and motor control impairments
seen in children with SLI, in conjunction with relative
strengths in the lexicon, are evidence of not only an
impaired procedural learning system but also the adap-
tive reliance on intact brain structures that support the
declarativememory system (Ullman&Pierpont, 2005).

Implicit learning—broadly construed, learningwith-
out awareness—is not a single construct but a complex,
multifaceted phenomenon. It does not depend upon a
single brain system but includes a collection of learning
capacities that, in addition to procedural motor learning
(e.g., serial reaction time [SRT]), includes probabilistic
learning of categories, prototype abstraction, statistical
learning, and artificial grammar learning (cf. Ashby &
Ell, 2001; Perruchet & Pacton, 2006; Reber, 1989; Reber,
Stark, & Squire, 1998; Squire & Knowlton, 2000; Squire
& Zola, 1996). In all of these tasks, learning is incremen-
tal, unconscious, and expressed through changes in the
behavioral response such as generalization to novel se-
quences inartificial grammar learning or increased speed
of response in SRT tasks.

Two recent implicit learning studies—one using a
serial reaction time (SRT) task with adolescents with
SLI and one using artificial grammar learning tasks with
college students with language/ learning disabilities
(L/LD)—suggest that implicit learningmay be impaired
in children with SLI (Plante, Gomez, & Gerken, 2002;
Tomblin, Mainela-Arnold, & Zhang, 2007). The proto-
typical task for studying perceptual–motor procedural
learning is the SRT task (Nissen & Bullemer, 1987). In

this task, participants press a button corresponding to a
spatial location of a visual stimulus trial by trial. Blocks
of trials in which the spatial location occurs in a random
order are followed by blocks of trials in which the order
is either deterministic or probabilistic. Decrease in re-
sponse times is viewed as evidence of learning.Using this
SRT task to study procedural learning in 85 adolescents
diagnosed with SLI in kindergarten and 47 normal lan-
guage (NL) peers, Tomblin et al. observed decreased re-
action times for correct trials over a period of four blocks
of 100 trials across all of the participants. Learning was
significantly slower in the group with SLI as compared
with the NL controls. Moreover, the NL group demon-
strated the expected learning pattern in which learning
was initially rapid followed by a gradual approach to-
ward an asymptote, whereas the shape of the learning
curve for the SLI group consisted of a period of slowed
responses prior to the onset of rapid learning, with no
evidence of an asymptote by the last trial block.

Further analysis of the children’s composite lan-
guage scores from kindergarten revealed that the rate
and pattern of learning during the SRT task differed
between the SLI and NL groups. Reaction times for the
children with SLI who had primarily grammatical defi-
cits in kindergarten were significantly slower than the
NL group. In contrast, no differences were found in re-
action times during either the random or pattern blocks
for children with SLI who had poor vocabulary abilities
in kindergarten as compared with children having nor-
mal vocabulary abilities in kindergarten. What is sig-
nificant about the Tomblin et al. (2007) study is that the
SRT task used visual materials and required no overt
use of language, eliminating the involvement of audi-
tory processing or phonological information processing.
This association between language status and visual-
motor procedural learning is particularly striking given
the adolescents’ long-term histories of poor language
learning.

In the second implicit learning study, Plante et al.
(2002) used a classic artificial grammar learning (AGL)
task to investigate sensitivity to rules governing word
order in college students with and without L/LD. Using
a finite-state grammar to generate grammatical strings,
novel CVC words were combined into sentences of three
to six words. Eighty “sentences” were recorded (each of
10 strings occurring 8 times in random order with the
constraint that identical strings never appeared consec-
utively). An additional set of 20 word strings recorded
from each CVC list was used during testing. Half of the
strings were generated by the same finite-state gram-
mar but were not heard during the exposure phase, and
half contained violations of the finite-state grammar.
Comparison of the two groups’ ability to judge the gram-
maticality of a new set of test sentences after exposure
to the training sentences indicated that participants in
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the L/LD group were unable to determine which word
strings were generated by the finite-state grammar and
which were not. Not only were the L/LD participants
significantly worse than the NL controls, they made sig-
nificantly more false positive identifications than the
NL group, indicating that the individuals with L/LD
were unable to implicitly learn a novel grammar from
exposure to exemplars from that grammar.

AlthoughUllman argues that knowledge in themen-
tal lexicon is acquired via the declarativememory system
and not the implicit memory system, words themselves
consist of mappings between sounds and meanings. In
order to successfully perform suchmappings, infants and
young childrenmust first discover the sounds that cohere
into words via fine-tuning of native language speech per-
ception, discovery of native language phonological struc-
ture, and segmenting words from fluent speech (Saffran
&Graf Estes, 2006). A growing body of research shows
that implicit learning is evident and critical in this
earliest stage of children’s word learning, as infants
begin to discover words within the continuous stream
of speech.

Although implicit learning in adults has typically
been studied using tasks such as priming, motor learn-
ing (e.g., SRT), category learning, and artificial gram-
mar learning using finite-state grammars (cf. Reber,
1989; Squire & Knowlton, 2000), a paradigmatic mea-
sure of implicit learning during infancy and childhood is
statistical learning—the tracking patterns of regulari-
ties over input such as syllables, tones, or shapes (e.g.,
Aslin, Saffran, & Newport, 1998; Kirkham, Slemmer,
& Johnson, 2002; Saffran, Aslin, & Newport, 1996;
Saffran, Johnson, Aslin, & Newport, 1999). In these
tasks, learners are exposed to a stream of elements that
are organized according to a set of simple statistical
regularities (e.g., the syllable /pa/ tends to be followed
by the syllable /bi/). In the absence of instruction or
reinforcement, infants and young children rapidly de-
tect the regularities that link together elements in the
stream, as evidenced by discrimination of familiar ver-
sus novel sequences of elements at test.

Research in this vein supports the claim that adults,
children, and infants can implicitly learn statistical reg-
ularities that are hypothesized to be useful for certain
aspects of language learning (e.g., Saffran, 2003). In
particular, the discovery of statistical patterns linking
together speech sounds may play a role in word seg-
mentation: finding word boundaries in fluent speech. A
number of studies suggest that the transitional proba-
bilities between syllables or phonemes assist learners in
discovering which sounds cohere together into words
and which sounds span word boundaries (e.g., Aslin
et al., 1998; Saffran et al., 1996; Saffran, Newport, &
Aslin, 1996; Thiessen & Saffran, 2003). The ability to

track statistical regularities in the speech stream and to
use this information to discover word boundaries ap-
pears to be connected to subsequent mapping of those
sounds to novel meanings (Graf Estes, Evans, Alibali, &
Saffran, 2007). Importantly, these abilities are not lim-
ited to language. For example, adults and infants are
able to track the statistics of tone sequences when they
are organized into three-tone “words” following the same
kinds of structure as the linguistic speech streams (e.g.,
Saffran et al., 1999; Saffran & Griepentrog, 2001).

Of particular relevance to the current project is a
study by Saffran, Newport, Aslin, Tunick, and Barrueco
(1997), in which children and adults were exposed to
fluent speech while performing a cover task (coloring on
the computer). Participants received no instruction re-
garding the content of the speech stream, nor that a test
would follow. Despite the implicit nature of this task,
both the adults and 6- to 9-year-old children were able
to discriminate words from nonword foils following inci-
dental exposure to the speech stream. This task presum-
ably mimics the implicit learning performed by infants,
who are obviously learning in the absence of experimenter-
directed attention or instructions.

Notably, we seemany individual differences on these
tasks. For example, in the Saffran et al. (1997) article,
the scores for both adults and children in Experiment 1
(21-min exposure to the fluent speechprior to test) ranged
between 41% and 83%, with a range of 50% to 97% in
Experiment 2 (double exposure over 2 days). It is un-
known whether these individual differences are mean-
ingful. Do they reflect real differences in learning skill
and/or language skill, or are they merely artifacts of
the test procedure? To the extent that learning of this
kind—as measured in a laboratory task—is central to
aspects of language acquisition, we might expect these
individual differences to be correlated with native-
language abilities.

Thus, we asked whether children with SLI are im-
paired in their ability to keep track of the sequences of
syllables they hear in a stream of speech—an implicit
learning ability fundamental to the earliest stages of
word learning: the discovery of word boundaries in con-
tinuous speech. If so, then some of the linguistic chal-
lenges faced by childrenwith SLImay go beyond implicit
artificial grammar learning and serial recall to include
difficulties tracking the sound sequences that are highly
consistent versus those that are only occasional, an abil-
ity that is particularly relevant to the problem of word
segmentation and potentiallymany other aspects of lan-
guage learning.

There is considerable debate regarding the extent
to which knowledge learned via the implicit memory
system is abstract and domain general or is highly con-
strained and modality dependent. Clearly, this issue is
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highly relevant to the characterization of so-called
“specific” language impairment. Some research sug-
gests that the learning that occurs in implicit tasks
is abstract and is not directly tied to the surface fea-
tures or sensory instantiations of the stimuli (Altmann,
Dienes,&Goode, 1995;Marcus,Vijayan,Rao,&Vishton,
1999; Reber, 1989). However, implicit memory systems
appear to be sensitive to modality- or stimuli-specific
features of the input (e.g., Chang & Knowlton, 2004;
Christiansen&Curtin, 1999;McClelland&Plaut, 1999;
Perruchet, Tyler, Galland, & Peereman, 2004). With re-
spect to statistical learning, we seemany commonalities
across modalities as well as important differences that
suggest that statistical learning is constrained by mo-
dality and/or by our perceptual systems (e.g., Conway &
Christiansen, 2005; Saffran, 2002; Saffran & Thiessen,
2007).

If the characterization of SLI includes deficits in
domain-general implicit learning abilities, we should
see poor learning for both speech and matched non-
speech stimuli in children with SLI. The following stud-
ies were designed to examine performance of children
with SLI on the statistical learning word segmentation
task.

In Experiment 1, we asked the following two
questions:

(a) Are children with SLI sensitive to and able to store
quantitative aspects of distributional information
about a language corpus? Specifically, are children
with SLI able to implicitly track statistical in-
formation in running speech to discover word
boundaries?

(b) Is statistical word learning in children with and
without SLI related to measures of expressive and
receptive vocabulary? Links between performance
on this laboratory task and native-language ability
would be consistent with the claim that statistical
learning is actually used for language acquisition.

In Experiment 2, we asked the following two
questions:

(a) Is statistical word learning ability related to fre-
quency or degree of exposure? Specifically, do chil-
dren with SLI require greater exposure to the
speech stream to discover word boundaries, as
compared with age-matched peers?

(b) Is statistical language learning performance in chil-
dren with SLI similar to their performance on an
analogous nonlinguistic task (tone–word segmenta-
tion)? That is, how domain-specific are the learning
impairments in SLI?

The answers to these questions will inform theories con-
cerning both typical language acquisition and the nature
of the deficit(s) in SLI.

Experiment 1

Method
Participants. A total of 113 children, 35 children

with SLI (6;5–14;4) and 78 typically developing children
with NL (5;7–12;10) participated in Experiment 1. All
children met the following criteria: (a) non-verbal Intel-
ligence of 85 or greater, as measured by the Leiter In-
ternational Performance Scale (LIPS; Roid & Miller,
1997); (b) normal hearing based on ASHA 1997 guide-
lines for hearing screening on the day of the experiment
(at 500, 1000, 2000, and 4000 Hz at 20 dB); (c) normal
corrected vision; (d) normal oral and speech motor abil-
ities; and (e) monolingual English speakers.

For the childrenwith SLI, all subtests of theClinical
Evaluation of Language Fundamentals–Third Edition
(CELF-3; Semel, Wiig, & Secord, 1995) were adminis-
tered, and for the NL group, the three expressive lan-
guage subtests and theConcepts andDirections receptive
language subtest from the CELF-3 were administered.
In addition, to investigatewhether statistical word learn-
ing is related to lexical knowledge, the Peabody Picture
VocabularyTest–ThirdEdition (PPVT-III; Dunn&Dunn,
1997) and theExpressiveVocabulary Test (EVT;Williams,
1997) alsowereadministered tobothgroups.For thegroup
with SLI, composite expressive language scores from the
CELF-3 were at or below 1.5 SD below the mean. For
theNLgroup, standardized languagemeasures from the
CELF-3 and thePPVT-III, aswell as theEVT,were all at
or above age-level expectations. The SLI andNL groups’
performance differed significantly on all standardized
measures (see Table 1).1

Stimuli. The stimuli for this study were the same as
those used by Saffran et al. (1997). The language con-
sisted of 12 CV syllables made up of seven consonants
and vowels (p, t, b, d, a, I, and u). These CV pairs were
combined into six trisyllabic “words” (dutaba, tutibu,
pidabu, patubi, bupada, and babupu). The languagewas
constructed to ensure that the transitional probabilities
between syllableswithin thewordswere higher than the
transitional probabilities between syllables across word
boundaries. Because some of the syllables occurred in
more words that others (e.g., bu occurred in four words,
whereas ta occurred in only one word), the within-word
transitional probabilities ranged from 0.37 to 1.0. The
transitional probabilities across the word boundaries
ranged from 0.1 to 0.2.

1Although their CELF-3 scoreswere within the normal range, three children
were excluded from the original group of 81 typically developing partici-
pants because their PPVT or EVT scores were not at or above age-level
expectations.

324 Journal of Speech, Language, and Hearing Research • Vol. 52 • 321–335 • April 2009



Three-hundred tokens of each of the six words were
combined in a random sequence and were created into a
stream of speech using theMacInTalk (Apple, Cupertino,
CA) speech synthesizer,with the constraint that the same
word could not occur twice in a row. The result was a
4,536-syllable, continuous speech stream that contained
no acoustic word boundary cues, equivalent coarticula-
tion between syllables, no prosodic cues, and no pauses
between or within the words. The speech stream was
produced using a female monotone voice speaking at
216 syllables per min.

In addition to the speech stream, six nonword foils
were created (batipa, bidata, dupitu, pubati, tapuba, and
tipabu). The nonwordsweremadeupof syllables from the
language’s syllable inventory that never followed each
other in the speech stream. The transitional probabilities
of the syllable sequences for thenonwordswere thus zero.
The test stimuli—both words and nonwords—were syn-
thesized in citation form using the MacInTalk speech
synthesizer. The sixwords and six nonwordswere paired
exhaustively to generate a 36-trial, two-alternative forced-
choice test; half of the test items contained a word as the
first member of a pair, and half contained a nonword as
the first member of a pair. The test items were recorded
onto a digital minidisk for subsequent playback. The
stimulus words and their transitional probabilities, as
well as the nonword foils, are listed in Table 2.

Procedure.The procedure was the same as that used
in Saffran et al. (1997). While the tape of the continuous
speech stream played in the background, children were
asked to draw a picture using a computer-coloring pro-
gram, Kid Pix 2 (Houghton Mifflin Harcourt Learning
Technology and Riverdeep International Education,
Ltd, Beijing, China). Children listened to the tape for
a total of 21 min. During the 21 min of exposure, the
examiner sat quietly behind the children to ensure that

they sustained interest in the drawing task andwere not
distracted. At the end of the 21min, childrenwere tested
using a forced-choice paradigm. Children heard pairs of
trisyllables (which is a word paired with a nonword) on
each trial and were asked to choose the sound in each
pair that soundedmore like the sounds they heardwhile
drawing. Prior to the testing phase, to ensure that the
children understood the task, children were presented
with practice trials containing word–nonword pairs de-
rived from words in English and were asked to identify
which one sounded more like a word (e.g., com-pu-ter vs.
pu-ter-com). Following the practice trials, the children
were presented with the 36 test pairs. All of the children
were able to successfully complete the practice trials,
and no children were excluded from the study due to
their inability to understand the task.

Results and Discussion
The results for the SLI andNL groups are presented

in Figure 1. An analysis of covariance (ANCOVA) with
age and nonverbal IQ as covariates revealed that the

Table 1. Age and standardized scores for language assessment measures for the specific language impairment (SLI)
and the normal language (NL) groups.

Variable

SLI (n = 35) NL (n = 78) Comparison

M SD Range M SD Range t(110) p

Age (in months) 115 21 77–172 95 21 67–154 4.15 < .001*
Leiter–Nonverbal IQa 97 8 87–119 109 10 85–139 6.70 < .001*
CELF-3 ELSb 71 11 50–84 109 12 86–150 10.69 < .001*
CELF-3 RLSc 68 14 50–98 N/A N/A N/A
PPVT-IIId 89 11 66–112 109 11 87–135 8.91 < .001*
EVTe 81 9 61–109 104 10 85–124 11.56 < .001*

Note. For each variable, age-scaled scores have a mean of 100 and an SD of 15. IQ = intelligent quotient; N/A = not applicable.
aLeiter International Performance Scale (Roid & Miller, 1997). bCELF-3 ELS = Clinical Evaluation of Language Fundamentals–3:
Expressive Language score (Semel et al., 1995). cCELF-3: RLS = Clinical Evaluation of Language Fundamentals–3: Receptive
Language Score (Semel et al., 1995). dPPVT-III = Peabody Picture Vocabulary Test, Third Edition (Dunn & Dunn, 1997).
eEVT = Expressive Vocabulary Test (Williams, 1997).

Table 2. Words and nonword foils.

Words Nonwords

dutaba (1.0) batipa
tutibu (.75) bidata
pidabu (.65) dupitu
patubi (.50) pubati
bupada (.42) tapuba
babupu (.37) tipabu

Note. Transitional probability for each of the words in parentheses.
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SLI group’s ability to attend to transitional probabilities
in the speech stream was significantly poorer than the
NLgroup’s:F(1, 109) = 5.6,p< .01, partial h2 = .05,w= .65.
The mean for the children with SLI was 52% (SD = 11%)
and for the NL group was 58% (SD = 13%) where chance
equals 50%. Single-sample t tests (two-tailed) indicated
that the SLI group’s performance did not differ from
chance, t(34) = 0.97,p= .33,whereas the typical children’s
performance was significantly better than chance, t(77) =
5.53, p < .001.

One question is whether the strength of the tran-
sitional probabilities between the words played a role
in how well individual words were learned. As noted

earlier, the transitional probabilities within the words
ranged from 0.37 to 1.0. Analysis of the individual tar-
get words for the SLI group indicated that none of the
six words were learned significantly better than chance.
For the NL group, all six words were learned signifi-
cantly better than expected by chance (p < .05), suggest-
ing that after only 21 min of exposure, the typically
developing children were easily able to exploit transi-
tional probabilities to discover the words embedded in
the speech stream.

There is reason to believe that the ability to track
sequential statistics should be related to lexical knowl-
edge. Challenges segmenting words from the speech
stream would likely slow lexical development. Indeed,
infant segmentation skill, broadly construed (i.e., includ-
ing cues other than just sequential statistics), predicts
later vocabulary outcomes (Newman, Bernstein Ratner,
Jusczyk, Jusczyk, & Dow, 2006; Singh & Nestor, 2006;
Singh, Nestor, Paulson, & Strand, 2007). We thus asked
whether children’s ability to track the transitional pro-
babilities in the word segmentation task is related to
their vocabulary. Pearson correlations for age, nonver-
bal IQ, and raw scores from measures of expressive
(EVT) and receptive vocabulary (PPVT-III) indicate that
the NL group’s performance on the statistical word
learning task was significantly correlated with age
( p < .05), receptive vocabulary (p < .01), and expressive
vocabulary ( p < .01; Table 3). Given that age and sta-
tistical learning performance were significantly cor-
related, we conducted a second correlation analysis
controlling for age. After removing age, performance
on the statistical learning task remained significantly
correlated with expressive vocabulary (r = .28, p < .001)
and receptive vocabulary (r = .23, p < .05) for the typ-
ically developing children. Pearson correlations for age,

Figure 1. Percent correct performance for children with specific
language impairment (SLI) and normal language (NL) controls in
Experiment 1 (21-minute speech statistical word learning task).

Table 3. Pearson correlations for NL and SLI groups, Experiment 1 (21-min speech).

Variable Age in months Nonverbal IQ standard score PPVT-III raw score EVT raw score

NL group (n = 75)
Age in months
Nonverbal IQ –0.16
PPVT-III 0.80** 0.13
EVT 0.74** 0.07 0.82**
SWL 21-min. speech 0.25* 0.06 0.33** 0.39**

SLI group (n = 35)
Age in months
Nonverbal IQ –0.12
PPVT-III 0.70** 0.24
EVT 0.78** 0.10 0.71**
SWL 21-min. speech –0.01 0.12 0.02 –0.16

Note. SWL = Statistical Word Learning.

*p < .05 (two-tailed). **p < .01 (two-tailed).
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nonverbal IQ, and raw scores from measures of expres-
sive and receptive vocabulary (PPVT-III) indicate that
theSLI group’s performance on the statisticalword learn-
ing task was not significantly correlated with age (p =
.45), nonverbal IQ (p = .24), receptive vocabulary (p =
.40), or expressive vocabulary (p = .17).

The results of Experiment 1 indicate that after
21 min of exposure to a continuous speech stream, chil-
dren with SLI were not able to use statistical informa-
tion to implicitly discover word boundaries based on
differences in transitional probabilities. In contrast, typ-
ically developing children were able to discover word
boundaries after only 21min of exposure, and this ability
to use statistical information in the speech stream was
also significantly correlated with both expressive and re-
ceptive vocabulary knowledge.

One question is whether the children with SLI were
exposed to the speech stream for a long enough duration
to discover the statistical patterns among adjacent sound
sequences. Saffran et al. (1997) observed a significant
increase in performance for both adults and school-aged
children when they were exposed to the 21 min of the
language on 2 consecutive days. Thus, it is not clear from
Experiment 1 if children with SLI are unable to track the
differences in transitional probabilities due to the impov-
erished nature of the input or if they are simply inefficient
at computing the statistics, requiring more exposure to
the speech stream. If the latter is the case, the children
with SLI may be able to compute the statistics given
longer exposure to the input. We tested this hypothesis
in Experiment 2a. In Experiment 2b, we asked whether
the pattern of performance observed for children with
SLI in the speech exposure condition inExperiment 2a is
unique to speech processing. Specifically, in Experiment
2b, we used a nonlinguistic task designed to be analogous
to the word segmentation task, in which tones were

substituted for the syllables in the “words,” generating a
fluent stream of tones (Saffran et al., 1999).

Experiment 2

Method
Participants

Thirty children who participated in Experiment 1
were brought back into the lab 6 months later to par-
ticipate in Experiments 2a and 2b. The children were
chosen to be part of a group of age- and nonverbal-IQ-
matched groups. This group consisted of 15 children
with SLI (ages 8;0–10;11) and 15 age- and nonverbal-
IQ-matched (CA-NIQ) controls. The CA-NIQ group did
not differ from the SLI group in age, t(28) = 0.35, p = .72,
or nonverbal IQ, t(28) = 0.28, p = .77 (see Table 4). The
children were seen for two visits with an average of
10–14 days between visits. On each visit, children par-
ticipated in either Experiment 2a or Experiment 2b, with
order of participation counterbalanced.

Stimuli and Procedures
Experiment 2a. The stimuli and procedures for Ex-

periment 2a were identical to those of Experiment 1,
with the exception that the children listened to the
samematerials twice, without a break, for 42 continuous
min. As in Experiment 1, prior to the testing phase,
children were presented with practice trials containing
word–nonword pairs derived from words in English (e.g.,
com-pu-ter vs pu-ter-com). Following the practice trials,
the children were then presented with the test trials

Table 4. Age and standardized scores for language assessment measures for the SLI and the chronological Age -
Nonverbal IQ matched (CA-NIQ) groups.

Variable

SLI (n = 15) CA-NIQ (n = 15) Comparison

M SD Range M SD Range t (28) p

Age in months 111 10 99–130 113 18 96–154 0.35 p = .72
Leiter–Nonverbal IQa 101 8 89–119 102 7 91–113 0.28 p = .77
CELF-3 ELSb 72 12 50–84 109 12 88–132 8.62 p < .01
CELF-3 RLSc 71 12 50–90 N/A N/A N/A
PPVT-IIId 93 11 69–112 109 10 95–126 4.14 p < .01
EVTe 84 9 69–109 104 12 84–124 5.04 p < .01

Note. For each variable, age-scaled scores have a mean of 100 and an SD of 15. IQ = intelligent quotient; N/A = not applicable.
aLeiter International Perfromance Scale (Roid & Miller, 1997). bCELF-3 ELS = Clinical Evaluation of Language Fundamentals–3:
Expressive Language score (Semel et al., 1995). cCELF- 3 RLS = Clinical Evaluation of Language Fundamentals–3: Receptive
Language Score (Semel et al., 1989). dPPVT-III = Peabody Picture Vocabulary Test, Third Edition (Dunn & Dunn, 1997).
eEVT = Expressive Vocabulary Test (Williams, 1997).
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from Experiment 1. Again, all of the children were able
to successfully complete all of the practice trials, and no
children were excluded from the experiment due to their
inability to understand the task.

Experiment 2b. The materials for Experiment 2b
were identical to Tone Language 1 from Saffran et al.
(1999). The tone stream was constructed out of 11 pure
tones taken from the same octave (starting at middle C
within a chromatic set), with the same duration (0.33 s),
created using the sine wave generator in SoundEdit 16
(Adobe, San Jose, CA). The tones were combined into
groups of three to form six tone words (GG#A, CC#D,
D#ED, FCF#, DFE, and ADB). The tone words were not
constructed in accordance with the rules of standard
musical composition and did not resemble any paradig-
matic melodic fragments. Transitional probabilities be-
tween tones within words averaged 0.64 (range = 0.25–
1.00). In contrast, transitional probabilities between
tones spanning word boundaries averaged 0.14 (range =
0.05–0.60). Although these two distributions did over-
lap, this overlap was rare, occurring for only 3 of the 30
across-word tone instances.

The six tones were concatenated together in a ran-
dom order, with no silent junctures between words, to
create six different blocks containing 18 words each. No
words occurred twice in a row. The six blocks were, in
turn, concatenated together to produce a 7-minute con-
tinuous stream of tones. As with the speech stimuli used
in Experiments 1 and 2a, there were no acoustic mark-
ers of tone-word boundaries. The only consistent cue to
the beginning and end of the tone words was the tran-
sitional probabilities between tones. In addition to the
tone stream, six tone nonword foils were created (see
Table 5).

The procedure was identical to that used in Experi-
ment 2a.While the tape of the continuous speech stream
played in the background, childrenwere asked to draw a
picture using a computer-coloring program, Kid Pix 2.
Children listened to the tape for a total of 42 min. At
the end of the 42min, children heard pairs of “word” and
“nonword” tone sequences and were asked to choose the

sound sequence that soundedmore familiar. Prior to the
testing phase, to ensure that the children understood
the task, children were presented with practice trials
containing tone sequences derived from familiar chil-
dren’s nursery rhymes presented in the correct or in-
correct order (e.g., the tune, without words, from “Mary
Had a Little Lamb” vs. the tune from “Lamb Little Mary
Had a”). Following the practice trials, the children were
then presented with the 36 test pairs. Again, all of the
children were able to successfully complete all of the
practice trials.

Results
The results for the SLI and CA-NIQ groups are pre-

sented in Figure 2. A repeated measures ANCOVAwith
age and nonverbal IQ as covariates revealed a main ef-
fect for group, F(1, 26) = 7.4, p = .003, partial h2 = .37, w =
.91, across the speech and tone conditions, with overall
performance for the children with SLI being poorer than
that of their typical language peers. An interaction was
also observed where the performance of the children
with SLI did not differ from that of the CA-NIQ group in
the speech condition (Experiment 2a): F(1, 26) = 2.95,
p = .11, partial h2 = .09, w = .34. However, the two groups
did exhibit significantly different performance in the
tone condition (Experiment 2b): F(1, 26) = 12.3, p = .002,
partial h2 = .09, w = .92. In the speech condition, the
mean was 56.2% (SD = 10%) for the SLI group and
64.4% (SD = 15%) for the CA-NIQ group, where chance
equals 50%. Single-sample t tests (two-tailed) calculated
for each group individually indicated that both groups

Table 5. Tone words and tone nonword foils.

Tone words Nonwords

GG#A (1.0) AC#E
CC#D (.75) F#G#E
D#ED (.65) GCD#
FCF# (.50) C#BA
DFE (.42) C#FD
ADB (.37) G#BA

Note. Transitional probability for each of the tone words in parentheses.

Figure 2. Percent correct performance for children with SLI and Age-
Nonverbal IQ matched controls in Experiment 2a (42-min speech)
and Experiment 2b (42-min tone statistical word learning tasks).
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performed significantly better than would be expected
by chance: SLI, t(14) = 2.3, p < .05; CA-NIQ, t(14) = 3.74,
p < .01. In the tone condition, the mean score for the SLI
group was 48% (SD = 11%) and for the CA-NIQ control
group was 66% (SD = 15%) where chance equals 50%. A
single-sample t test (two-tailed) for the SLI group in-
dicated that their performance after 42 min of ex-
posure to the tone stimuli was no different from chance,
t(14) = 0.62, p = .54, whereas the CA-NIQ group’s per-
formance was again significantly better than chance,
t(14) = 4.09, p < .001.

In Experiment 1, we observed that, after 21 min
of exposure to the speech stream, the CA-NIQ groups’
performance was significantly correlated with both ex-
pressive and receptive vocabulary. However, we observed
no relationship between statistical learning and vocabu-
lary knowledge for the children with SLI after 21 min
of exposure. We thus asked whether the increased ex-
posure to the speech stream in Experiment 2a would
reveal a relationship between statistical learning and
vocabulary knowledge for the children with SLI. A
Pearson’s correlation (two-tailed) for age, nonverbal IQ,
and raw score for the EVT and PPVT-III indicated that
the SLI group’s statistical word learning performance,
after double the exposure to the speech stream, was not
significantly correlated with expressive vocabulary, age,
or IQ but was significantly correlated with receptive
vocabulary (p < .03; see Table 6).

In Experiment 1, we also observed that the typ-
ically developing children learned all six words after
only 21 min of exposure. With doubled exposure, the
performance for the CA-NIQ group did not differ from
their performance after 21 min of exposure (64%) and
42 min (64%), t(14) = 0.04, p = .96, and they again
learned all six words in Experiment 2a. The children
with SLI learned 2:6 words at/or approaching a level
significantly greater than chance—patubi having a
transitional probability of 0.5 (p < .05) and bupada
having a transitional probability of 0.42 (p = .07). That
the children with SLI did not learn any of the words
having the highest transitional probabilities suggests,

at least on the surface, that even with double the expo-
sure time, they were unable to use transitional proba-
bilities to discover theword boundarieswithin the stream
of speech. However, 10 of the 15 children with SLI had
performance that was greater than 50% after double the
exposure, whereas 5 of the 15 children with SLI had
performance that was at or below 50%. One question is
whether the pattern of learning for the children with
SLI whose performance was above 50% differed from
those whose performance was not above chance. In the
42-min speech condition, the children with SLI with
above-chance performance learned five of the six target
words at /or approaching a level significantly greater
than chance (dutaba, patubi, bupada, babupu, p < .05;
pidabu, p = .09). In contrast, after double the exposure,
the remaining children with SLI learned only 2:6 words
at a level significantly greater than chance (dutaba,
pidabu, p < .05, vs. tutibu, p = .55; patubi, p = .63; bupada,
p = .83; and babupu, p = .72). Thus, it appears that the
children with SLI are tracking at least some statistical
information in the input.

Importantly, however, for the above-chance SLI
group, one word was not learned. This word, tutibu (p =
.37), had the second highest transitional probability:
0.75. If the children with SLI were using transitional
probability as a cue to discover word boundaries within
the speech stream, why then, with double the exposure
to the speech stream, were they unable to discover the
boundaries for the word having the second highest tran-
sitional probability? Analysis of the response patterns
of the children revealed that the target/foil test trials
where the target and the foil had the identical vowel
sequence—tutibu/dupitu—had the highest error rate,
with 7 of the 10 children with SLI incorrectly choosing
the foil dubitu. For the children to correctly choose the
target over the foil, they not only had to track the tran-
sitional probabilities in the speech stream during the
exposure phase but they also had to have a memory of
the target words that contained enough phonological
detail to enable them to differentiate the target from
the foils during the testing phase. Taken together, the

Table 6. Pearson correlations for Experiment 2 (42-min speech), children with SLI (n = 15).

Variable
Age in
months

Nonverbal IQ
standard score

PPVT-III
raw score

EVT raw
score

Age in months
Nonverbal IQ 0.07
PPVT-III 0.46 0.04
EVT 0.52* 0.23 0.13
SWL 42-min. speech 0.41 0.15 0.52y –0.07

*p < .05 (two-tailed). yp < .03 (two-tailed).
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pattern of results for the children with SLI suggests
that, with double the exposure, they are able to segment
the speech stream to some extent but that their knowl-
edge of the newly learned words may not contain suffi-
cient phonological detail to enable them to differentiate
newly learned target words from highly phonologically
similar foils.

In Experiment 2b, we asked whether the pattern of
performance observed for children with SLI in Exper-
iment 2a is unique to speech. Specifically, we used a
nonlinguistic task designed to be analogous to the word
segmentation task, in which tones are substituted for
the syllables in the “words,” generating a continuous
stream of tones (Saffran et al., 1999). This task allowed
us to ask whether statistical learning outcomes for chil-
dren with SLI and CA-NIQ controls are the same for
speech and for an analogous nonlinguistic task (e.g., tone-
word segmentation) after 42 min of exposure.

As noted earlier, because the tone language is anal-
ogous to the speech stimuli (Saffran et al., 1996), we can
compare the children’s performance across the two mo-
dalities. The results of theANCOVAdiscussed previously
show that the CA-NIQ group performed above chance in
both the speech and tone conditions, whereas perfor-
mance of the SLI group differed as a function of the in-
put stimuli, with above-chance performance only for the
speech stimuli and not for the tone stimuli. In the
42-minute speech condition, the CA-NIQ group was able
to learn all six words, and in the 42-minute tone con-
dition, these same children were able to learn five of the
six tone sequences at a level of significance greater than
chance. Replicating Saffran’s (1999) adult results, the
one tone sequence not learned by the CA-NIQ group (the
ABD tone sequence) had the lowest transitional prob-
ability (.37). Although the performance for the SLI
group was no different from chance in the 42-minute
tone condition, one of the six tone sequenceswas learned
at a level greater than chance (D#ED; p < .05; transi-
tional probability of .67). The results fromExperiment 2b
show that typically developing children are able to group
sequences of auditory “events” in the same manner re-
gardless of whether the input is linguistic (e.g., syllables)
or nonlinguistic (e.g., tones). In Saffran et al. (1999), the
adults heard the tone stimuli for a total of 21 min. With
twice asmuch exposure, the typically developing children
were able to learn five of the six trisyllabic tone-sequences
embedded within the tone stream. However, the children
with SLI were less successful with the tone-sequences,
with overall performance no different from chance.

An important question is whether the children with
SLI in Experiments 2a and 2b differed in some funda-
mental way from those childrenwith SLI inExperiment 1.
The children with SLI in Experiments 2a and 2b did
not differ from the children with SLI in Experiment 1 in

respect to Age, F(1, 49) = 0.32, p = .59; nonverbal IQ,
F(1, 49) = 2.5, p = .11; Expressive Language, F(1, 49) =
0.35,p= .56; orReceptiveLanguage,F(1, 49) = .65,p= .42.
Thus, differences in age, nonverbal IQ, receptive, and/or
expressive language abilities do not account for the dif-
ferences in performance for the children with SLI in
Experiment 1 versus Experiments 2a and 2b. This pat-
tern of results suggests that the increased exposure to
the speech stimuli in Experiment 2a played a key role in
the performance of the children with SLI.

A second important question is whether the chil-
dren whose performance was above chance differ in some
fundamentalway fromthose childrenwhose performance
was not. In Experiment 1, the children with SLI whose
performancewas above chance (n = 17) did not differ from
the children with SLI whose performance was below
chance (n=18) inAge,F(1, 34) =0.0,p= .99; nonverbal IQ,
F(1, 34) = 0.35, p = .55; Expressive Language, F(1, 34) =
0.34, p = .55; or Receptive Language, F(1, 34) = 0.32, p =
.57. The typically developing childrenwhose performance
was above chance (n = 26) also did not differ from the
typically children whose performance was below chance
inAge,F(1, 76) = 1.6,p= .20; nonverbal IQ,F(1, 76) = 0.64,
p = .42; or Expressive Language, F(1, 76) = 0.81, p = .36.

Similarly, in Experiment 2a, the children with SLI
whose performance was above chance (n = 10) did not
differ from the children with SLI whose performance
was below chance (n = 5) for Age, F(1, 14) = 0.53, p = .47;
Expressive Language, F(1, 14) = 0.0, p = .95; or Recep-
tive Language, F(1, 34) = 0.16, p = .69, but did differ in
nonverbal IQ, F(1, 14) = 5.7, p = .03. Although non-
verbal IQ was higher for the children with SLI whose
performance was above chance than for the children
whose performance was below chance, it was not sig-
nificantly correlated with statistical word learning per-
formance. For the CA-NIQ group, 13:15 children had
performance that was above chance, precluding statis-
tical analysis.

In Experiment 2b, the children with SLI whose
performance was above 50% (n = 5) did not differ from
the children whose performance was below 50% (n = 10)
with respect to Age,F(1, 14) = 0.79, p = .38; nonverbal IQ,
F(1, 14) = 0.0, p = .98; Expressive Language, F(1, 14) =
0.18, p = .67; or Receptive Language, F(1, 14) = 3.9, p =
.07. For the CA-NIQ group, the children whose perfor-
mance was above 50% (n = 11) also did not differ from
the children whose performance was below 50% for Age,
F(1, 13) = 1.3, p = .27; nonverbal IQ, F(1, 13) = 0.05, p =
.95; or Expressive Language, F(1, 13) = 0.98, p = .90. At
this time, given the available behavioral data, it is not
clear what factors differentiate the children who were
able to segment the input using statistical sequential
information implicitly from children who were unable to
segment the speech stream.

330 Journal of Speech, Language, and Hearing Research • Vol. 52 • 321–335 • April 2009



General Discussion
In these studies, we asked if children with SLI are

both sensitive to the quantitative aspects of distribu-
tional information in a language corpus and able to store
this information to a degree that supports vocabulary
development—specifically, whether they are able to im-
plicitly track statistical information to discover word
boundaries in running speech. We also asked if this
ability is related to frequency or degree of exposure and
to vocabulary knowledge, and if it appears to bea domain-
general or domain-specific skill. The findings from our
studies support the hypothesis that typically developing
children are equipped with computational tools that can
harness statistical information to detect word bound-
aries, that this ability is related tomeasures of receptive
and expressive word knowledge, and that it appears to
be a domain-general ability being broadly similar across
speech and tone conditions. The findings for the children
with SLI are less clear cut and suggest that the com-
putational mechanism that allows unimpaired children
to use statistical information to discover word bound-
aries is not as effectively functional in childrenwith SLI.

Although with double exposure, the children with
SLI were able to track the transitional probabilities in
the speech condition, they still had difficulty. Specifi-
cally, they were unsuccessful at differentiating newly
learned target words from highly similar-sounding foils
during the testing phase of the task. One possibility is
that children with SLI were unable to retain in memory
a sufficiently detailed phonological form of the target
words. This is consistent with recent work suggesting
that the phonological representations of words in the
lexicons of children with SLI are more holistic and less
well specified than those of typically developing chil-
dren (Mainela-Arnold, Evans, & Coady, 2008). If one
takes the view that representation and processing of all
aspects of language (e.g., speech, words, and grammar)
are dependent on a computational system where learning
takes place over distributed representations, occurring
through changes in the strength of these representa-
tions as a result of statistical contingencies in the envi-
ronment (e.g., Elman et al., 1996), then the pattern of
performance for the childrenwith SLI suggests that even
with double the exposure, the representations of newly
learned words may be phonologically underspecified.

The difficulties that the children with SLI experi-
enced segmenting the speech streammay also have been
compounded by the nature of speech stimuli itself, as it
was impoverished with respect to the cues that are avail-
able for children to discoverword boundaries in naturally
occurring speech. In natural speech, a variety of cues,
such as prosody and coarticulation, occur in conjunction

with transitional probabilities, aiding the listener in the
discovery of word boundaries. Not only were these re-
dundant cues unavailable for the children in the speech
condition, but the speech stimulus was synthesized
speech, possibly adding to the difficulties experienced
by the children with SLI. There is a growing body of
evidence that shows that children with SLI are sig-
nificantly impaired across a range of speech perception
tasks when the stimuli consist of synthesized speech in
contrast to natural speech (Coady, Kluender, & Evans,
2005; Coady, Evans, Mainela-Arnold, & Kluender, 2007;
Evans, Viele, & Kass, 2002; Joanisse et al., 2000). The
results of Experiment 2b indicate, however, that the
poor performance of the children with SLI in Experi-
ments 1 and 2a was not due solely to the degraded
speech stimuli. Experiment 2b consisted of highly per-
ceptible tones, yet the children with SLI were still
unable to discover the tone-word boundaries.

Taken together with prior research (Saffran et al.,
1997), these studies make it clear that implicit learning
is a robust phenomenon in typically developing chil-
dren. Specifically, typically developing children can track
transitional probabilities from a stream of speech with a
level of efficiency and specificity that allows them to not
only learn words having varying transitional proba-
bilities (e.g., 0.37–1.0) but also to differentiate these
newly learned words from highly similar-sounding foils
during testing despite the degraded nature of the syn-
thetic speech stimuli. The difficulty in sequence learning
by children in the SLI group suggests that (a) difficulties
in tracking statistical properties of sounds for children
with SLI is not limited to speech and (b) the nonlinguis-
ticmaterials were actuallymore difficult for the children
with SLI than the linguistic materials, perhaps due to
the relative novelty of the tone sequences. In any event,
these findings only highlight the robustness of the im-
plicit learning mechanism in typical children and the
fragile and ineffective nature of this mechanism in chil-
dren with SLI.

On the surface, the difference in the performance
of the children with SLI in the 42-min speech and in
the speech and tone conditions suggests that implicit
learning is not a domain-general mechanism in children
with SLI. However, the speech and tone conditions dif-
fered in important ways that may have resulted in dif-
ferent performance in the two conditions. First, all of
the children in Experiments 2a and 2b had prior expo-
sure to the speech stimuli because of their prior partici-
pation in Experiment 1. Thus, the children’s exposure
time to the speech stimuli, over the span of Experiments1
and 2a, was actually 63 min. It could be that the chil-
dren with SLI actually require not 40+ but 60+ min of
exposure to the speech stream before they are able to
discover the word boundaries. If the children had re-
ceived 60+ min of exposure to the tone language, their
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performance in the speech and tone conditionsmay have
been similar. Note, however, that there were 6 months
between the two experiments. For Experiment 1 par-
ticipation to have affected Experiment 2 performance,
the children would have had to maintain these repre-
sentations over a long time interval.

A second important difference is that there is over-
lap in the transitional probabilities within and across
the word boundaries in the tone stimuli not present in
the speech stimuli. This overlap is extremely rare, oc-
curring for only 3 of the 30 across-word tone-pairs where
the probability was .6 (when the words GG#A happened
to be followed by DFE, as the cross-boundary sequence
AD also occurred in the word ADB). The occurrence of
such overlaps may have made segmentation more diffi-
cult in the tone language as compared with the speech
language. However, recall that the typically developing
children showed equivalent performance in the tone
and speech conditions in Experiment 2. There is, thus,
some factor that made the tone condition dispropor-
tionately harder for the children with SLI compared
with their typically developing peers.

Importantly, however, there were children with SLI
whose performancewas above chance in all three experi-
ments. An important question is whether these children
differed in some fundamental way from the children
whose performance was not above chance. With the ex-
ception of nonverbal IQ inExperiment 2a, whichwas not
significantly correlatedwith statistical word learning abil-
ities, the children did not differ by age, IQ, or receptive/
expressive vocabulary or language abilities. The fact
that differences in intelligence, age, or language did not
account for differences in statistical word learning abili-
ties suggests that the children differed in some other
fundamental way. One possibility is that the children
differed in their working memory capacity and/or atten-
tional resources. Studies comparing implicit learning in
high- versus low-load conditions for adults show that
statistical word learning performance is significantly
poorer when working memory/attentional resources are
reduced and are not available to be dedicated to the
discovery of word boundaries (Ludden & Gupta, 2000).
Children with SLI have reduced working memory ca-
pacity as compared with that of their peers (cf. Coady &
Evans, 2008; Graf Estes, Evans, & Else-Quest, 2007;
Leonard et al., 2007; Montgomery & Evans, 2009).
Moreover, there is a growing body of evidence suggesting
that children with SLI may also have problems with
selective auditory attention, especially at the earliest
stages of sensory processing (e.g., Helzer, Champlin, &
Gillam, 1996; Montgomery, Evans, & Gillam, 2009;
Stevens, Sanders, & Neville, 2006; Uwer, Albrecht, &
von Suchodoletz, 2002). It may be that the children dif-
fered in attention or working memory abilities and this

played a critical role in the statistical word learning
abilities in children, which is clearly an important issue
that warrants further investigation.

Another interesting outcome in Experiment 1 was
that statistical learning was significantly correlated
with age for the typical children (aged 5;7–12;10). Given
that very young children and even infants succeed on
statistical word learning tasks, this is a somewhat cu-
rious finding. There are, however, differences both in
the complexity of the exposure languages and the meth-
odologies used to measure statistical learning in infants
and adults that may account for differences in implicit
learning skills of infants, children, and adults. In infant
studies, exposure languages are generally much less
complex than adult languages. For example, Graf Estes
et al. (2007) used a language consisting of four CVCV
target words. This contrasts sharply with our study and
others, where the language consisted of six CVCVCV
target words. In addition to differences in the complex-
ity of the exposure languages, learning in infant studies
is often measured with paradigms such as preferential
looking, which is presumably less cognitively demand-
ing than the two-alternative forced-choice paradigm
used in our study. In light of the role that working mem-
ory capacity and attention has on statistical learning
(Ludden & Gupta, 2000), this mechanism may be sen-
sitive to and influenced by developmental changes in
attention and working memory capacity.

The differences in the individual words learned by
the children with and without SLI as well as the differ-
ences in the relationships between statistical word learn-
ing and expressive and receptive vocabulary in the two
groups indicate that the pattern of learning by the chil-
dren with SLI differs somewhat from that of typically
developing children. Tomblin et al. (2007) also observed
differences in the pattern of sequence learning in the
children with SLI when compared with their NL con-
trols. Specifically, their NL control group exhibited an
initial rapid rate of learning followed by a gradual ap-
proach toward an asymptote. In contrast, the shape of
the learning curve for the SLI group in Tomblin et al.’s
study consisted of a period of slowed responses prior to
the rapid onset of learning but no evidence of an asymp-
tote by the end of the training. Performance on the last
block of trials did not differ between the SLI and NL
controls. What is interesting is the slowing in reaction
times for the SLI group after the initial block of pattern
sequence trials. Tomblin et al. suggest that in the early
stages of learning the new sequences, the representa-
tions are initially unstable in children with SLI as com-
pared with NL children. Several studies of lexical and
sentence processing in individualswith SLI suggest that
there may be less suppression of competing candidate
representations than observed in typically developing
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children (McMurray, Samuelson, Lee, & Tomblin, 2006;
Mainela-Arnold, Evans, & Coady, 2007, 2008). Tomblin
et al. suggest that for their individuals with SLI, mul-
tiple candidate targets are initially generated, with
subsequent instability as these candidates compete for
priority as the dominant representation. This instability
is resolved only after sufficient training. Although our
study does not allow for investigation of the stability of
the representations of the single word/tone sequence
that was learned by the children with SLI, our findings
are consistent with Tomblin et al.’s work, strongly sup-
porting the contention that the learning challenges for
children with SLI are not limited to linguistic sequences
(e.g., Tomblin et al., 2007).

The term implicit learning characterizes a hetero-
geneous collection of learning capacities that, in addition
to perceptual motor learning (e.g., procedural memory),
includes probabilistic learning of categories, statistical
learning, artificial grammar learning, and prototype
abstraction (Perruchet & Pacton, 2006; Squire & Zola,
1996). The findings for our experiments, taken together
with the work by Tomblin et al. (2007) and Plante et al.
(2002) suggest that Ullman’s procedural learning deficit
hypothesis of SLI may need to be extended to include
deficits in other domains of implicit learning in children
with SLI. Ullman’s DP model assumes that the acqui-
sition and use of the form-meaning–associated aspects
of language (e.g., lexicon) are supported by the declar-
ative memory system. Our results indicate that aspects
of vocabulary learning are also supported by the implicit
system, in the earliest stages in word learning where in-
fants begin to discover word boundaries within the stream
of speech around them. The findings from the current
study also shed light on our understanding of the domain
specificity of implicit learning and suggest that even
when the statistical structure of the input is identical,
differences in the features of the stimuli (e.g., speech vs.
tones) result in different learning patterns in typically
developing children. Finally, these results suggest that
future studies need to consider implicit learning across
the visual, auditory, and perceptual motor modalities
in order to more carefully characterize the challenges
facing learners with SLI.
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