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ABSTRACT

Recent studies on specific language impairment)(Bave suggested that language
deficits are directly associated with poor procetllearning abilities (Kemény & Lukacs,
2010; Lum, Gelgec, & Conti-Ramsden, 2009; Tombhfainela-Arnold, & Zang, 2007;
Ullman & Pierpont, 2005). Findings from our prewsowork (Gabriel, Stefaniak, Maillart,
Schmitz, & Meulemans., submitted) are contraryhis hypothesis; we found that children
with SLI were able to learn 8 element long sequsras fast and as accurately as children
with normal language NL on a serial reaction tirB&T) task. A probabilistic rather than a
deterministic SRT paradigm was used in the curseudy to explore procedural learning in
children with SLI in order to mimic real condition$ language learning. Fifteen children with
or without SLI were compared on an SRT task ineigda probabilistic 8 element long
sequence. Results show that children with SLI vedale to learn this sequence as fast and as
accurately as children with NL, and that similagwence-specific learning was observed in
both groups. These results are novel and suggaisthiidren with SLI do not display global

procedural system deficits.
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INTRODUCTION

Some aspects of language processing are basedi@antfimplicit learning abilities.
Indeed, continuous speech contains a series of (@gs pauses, stress patterns, sentence
type) that are implicitly acquired by children imeir early life (Jusczyk, Friederici, Wessels,
Svenkerud, & Jusczyk., 1993). More specifically, appears that implicit learning is
implicated in different aspects of the acquisitafrboth the serial and grammatical structure
of language, such as detection of word boundafeadfran, Newport, & Aslin, 1996) and
extraction of grammar-like structures (Gomez & @&erk1999). Indeed, infants aged 7.5
months already use metrical patterns as a cueefgmenting word-like units from speech
(Jusczyk, Houston, & Newsome, 1999). In additionmetrical and acoustic cues, 9-month-
old infants are sensitive to the phonotactic patteof the native language (Friederici &
Wessels, 1993), and they use phonotactic cuesefgnentation (Mattys, Jusczyk, Luce, &
Morgan, 1999). Other studies also show that batées acquire knowledge of serial order
relations (Saffran et al., 1996), as well as knolgke of more abstract rule-based structural
relations (Marcus, Vijayan, Bandi Rao, & Vishton1999). These studies suggest that
language acquisition is based to some extent orcdhgutation of statistical properties of
language input, which in turn is dependant on ptaca learning mechanisms.

Given that implicit learning mechanisms are invdiia language learning (Aslin &
Newport, 2008), Specific Language Impairment (Stduld be partly explained by poor
procedural learning mechanisms. SLI refers to aldgwmental condition in which children
present with slow development of spoken languagéhé absence of hearing loss, other
neurodevelopmental disorders, or intellectual amdteonal impairments (Evans, Saffran, &
Robe-Torres, 2009). Some definitions of SLI havelesively centered on linguistic disorders

to explain language impairment (Van der Lely, 20@@)cording to this view, the core deficit
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concerns language, and more specifically, gram#léernatively, SLI may result from co-
occuring non-language factors (Bishop, Carlyon, dBeg & Bishop, 1999). For example,
deficits in several non-linguistic abilities co-ocavith SLI, such as slow auditory temporal
processing (Tallal et al., 1996), limited workingemory capacity (Ellis Weismer, Evans, &
Hesketh, 1999), slower general speed of proceg¢biilgr, Kail, Leonard, & Tomblin, 2001),
or processing capacity limitations (Ellis Weismeak, 2000). In 2005, Ullman and Pierpont
proposed the Procedural Deficit Hypothesis (PDHgoading to which difficulties in
procedural learning would account for the lingaisbut also non-linguistic difficulties
observed in SLI. This PDH of SLI is based on thelBative/Procedural model of language
learning (Ullman, 2001) which suggests a clear @asion between lexical and declarative
memory, and between aspects of grammar and pradedemory. In addition, dissociations
between lexicon and grammar would parallel disgmria between the two memory systems.
Declarative memory would process the binding ofcemtual, phonological, and semantic
representations. This memory system - involvedhenlearning and storing of lexical items -
would be preserved in SLI. On the other hand, piocd memory - involved in the learning
and storing of regularities - would be impairedil. The procedural memory system, which
is supported by the brain structures (i.e., baaablia) that underlie aspects of rule-learning,
would be particularly important for the acquisitiand use of skills involving sequences —
whether the sequences are abstract, sensory-motgnitive, such as probabilistic category
learning or grammatical rules.

Furthermore, the originality of the PDH is to tky integrate the linguistic and non-
linguistic deficits observed in SLI in order to déxip not only SLI, but also the frequent
association between SLI and other developmentatdiss. Ullman and Pierpont (2005) have
thus proposed their PDH in order to account for 8hich would be a more general deficit of

procedural memory. Therefore, if children with Sidve a more general procedural deficit,
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they should show lower performance on all tasksiiraty the procedural system, regardless
of the linguistic or non-linguistic nature of thessks.

Although the PDH generated interest in procedigalning in SLI, few studies have
directly assessed this relationship. Most of itheestigations on implicit learning in SLI
showed poor procedural learning (Evans et al.,, 2008nte, Gomez, & Gerken, 2002).
However, these results might be explained by dsefmiher than procedural learning since the
majority of children with SLI present with phonologl processing impairments (Hill,
Hogben, & Bishop, 2005; McArthur & Bishop, 2004hérefore, the PDH is better supported
if the procedural learning deficit was also obsdrireSLI for non-linguistic material. Indeed,
as long as the procedural deficit is observed ifayulistic material only, one cannot totally
rule out the possibility that it is due to lingucsaspects.

To the best of our knowledge, only four studiegehmvestigated procedural learning
in SLI in the non-linguistic domain. Most of thensad a Serial Reaction Time task (SRT
task) in which participants were asked to reacjtaskly and accurately as possible to stimuli
that appeared on a computer screen by pressingdhresponding key on the keyboard
(Nissen & Bullemer, 1987). Unbeknownst to the pgpant, the stimuli followed a repeated
sequenceUsually, sequence learning is shown by longer r@adimes (RTs) in a transfer
block in which the sequence of stimuli is new, ontast with the last learning block.
Tomblin et al's (2007) study was the first to expl@rocedural learning in SLI with a SRT
task. In their study, Tomblin and colleagues coregahe performance of 15-year-olds with
and without SLI. A decrease in RTs was observedngnatl participants from the first to the
last learning block. However, RTs were significaritnger for adolescents with SLI than
controls. Moreover, they showed that participanith 8LI exhibited a slower learning rate
compared to controls. Thus, these results seemedupport the hypothesis that poor

procedural learning may explain the grammaticalammpent in SLI. Lum et al. (2009) also
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confirmed procedural memory impairments in childwth SLI based on weaker learning
rates for children with SLI. In this study, thefdience between the last learning block and
the transfer block was significantly larger for thik than for the SLI group, even after
removing the variance related to motor speed. 1h02&Kemény and Lukacs showed that
children with language impairment (LI) displayeddeficit in learning on a probabilistic
category learning task, the Weather Prediction (WiRywlton, Squire, & Gluck, 1994) task
On the WP task, participants were presented cuesler to help them predict weather. In the
early phases of the task, performance relies omptbeedural system, while during the later
phase it shifts towards the declarative system. é&gmand Lukacs’ (2010) results showed
that children with LI performed significantly worsglean controls from the beginning of the
task. Moreover, they showed a severe inabilityge strategies. Together, the results of these
prior studies support the premise of the PDH.

However, methodological issues with the SRT taskitl|these findings. Indeed,
Gabriel et al. (submitted) investigated procedlgalning with an SRT task in which more
sequence presentations (48 instead of 27) andestsmtjuences (8 elements vs. 10 elements)
relative to previous studies were used. Moreoadnuch screen was used to reduce motor
and cognitive constraints related to the keyboavdrgthat SLI and motor deficits are often
comorbid (i.e., Hill, 2001). These changes allovebddren with SLI to respond as quickly
and accurately as children with NL. Moreover, tis&pwed differences in RTs between the
last learning block and the transfer block similarcontrols. Therefore, and contrary to
previous studies, these findings suggest that m@nldvith SLI demonstrate comparable
procedural learning abilities to children with Neyven when grammatical deficits were
present.

The aim of the present study was to further testRDH (Ullman & Pierpont, 2005) in

children with SLI. Specifically, the goal was totelenine whether learning of a deterministic
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sequence (Gabriel et al., submitted) can apply poolabilistic sequence (i.e., a sequence in
which some irregularities are inserted; Schvang&l@omez, 1998) in children with SLI. A
probabilistic sequence was used because it moselglonimics natural language constraints
(Aslin & Newport, 2008) (e.g., English past tensesh with “ed” for regular verbs but not
for irregular verbs). While deterministic sequenegs limited to co-occurrence frequency
computation, probabilistic sequences are neededdaire complex systems (like language)
which contain irregularities. Because probabilistsrjuences are more difficult to learn than
deterministic ones (i.e., Stefaniak, Willems, Ad&rVieulemans, 2008), they are particularly
relevant in assessing procedural learning effigienchildren with SLI.

According to the PDH, children with SLI will sholawer learning rates than children
with NL (e.g., shorter RTs differences betweenl#se learning block and the transfer block).
Moreover, the theory would predict that RT betweka probable and improbable items
would be shorter for children with SLI comparedN&a. As in the Tomblin et al. (2007)
study, we wanted to investigate whether individdiélerences in SRT learning were more
strongly associated with individual differencesgimmmar abilities than lexical abilities. In
order for the PDH to explain SLI, a positive coateln should exist between performance on
grammatical tasks and the SRT learning effect, @it children who suffer from grammatical
disabilities should show poor learning effectshia ERT task).

METHOD
Participants

Thirty-two children aged 7 to 13 years (16 chifdweith SLI aged 122.3 £18.7 months
and 16 children with NL aged 123.2 +17.4 monthspags in each group) participated in the
study, and it was their first participation in aRBstudy. Children with NL were recruited
from schools near the University of Liege, Belgiu@hildren with SLI were recruited in

“language classes”, where they had received a qusviclinical diagnosis of SLI by
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professionals (speech-language pathologists arld shurologists). All children came from
low (unemployed parents) or middle-class (at leamst parent with undergraduate education)
socioeconomic background, which was determinedhieyparents’ profession. The parents
were asked to complete a medical history questiomta assure that all children were French
monolingual speakers (i.e., no significant regebgoosure to other languages), had no history
of psychiatric or neurological disorders, and hadneurodevelopmental delay or sensory
impairment (e.g., motor coordination disorder). Btorer, children with NL presented neither
language impairment nor other learning impairmewts.received parental informed consent
for all participants.

Children were tested individually in a quiet sedtiat their school. Each child with SLI
was matched with a child with NL based on socioecais status, gender, non-verbal 1Q, and
chronological age. In this study, we deliberatgiplaed diagnostic criteria in line with those
typically used in studies of SLI in English-speakichildren, such as scores lower than or
equal to 1.25Din two or more of four language tests in conjumttwith performance-1Q
scores of 85 or higher (WISC IV; Wechsler, 2005).

We administered a battery of standardized langteggs to children with SLI in order
to establish a profile of weaknesses for each wmnldand to examine the relationships
between SLI in French and procedural learning. Thhss language scores were not used to
confirm diagnostic status. The SLI group exhibiggghificant difficulties in both producing
and understanding language materials; specifidcdlffes were observed in phonology,
grammar, and narrative. In order to test the P&lH;hildren with SLI had to present at least
one grammatical deficit. Four language tests welmiistered: 2 receptive tests (EVIP;
Dunn, Thérault-Whalen, Dunn, 1993; ECOSSE, Lecat@96) and 2 expressive tests
(sentence production and word repetition, ELO; Kbepr2001). Receptive vocabulary was

assessed by thechelle de Vocabulaire en Images PeabddyIP; Dunn et al., 1993), a
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receptive vocabulary test that is a published, mor@anadian French version of the Peabody
Picture Vocabulary Test (PPVT; Dunn & Dunn, 198#)this test, children have to select the
picture that corresponds to a word pronounced lgy ékaminer among four choices.
Reception of grammatical knowledge was assessedhdyEpreuve de COmpréhension
Syntaxico-SEmantique (ECOSSE; Lecocq, 1996), apteee grammar test that is a
published, normed French version of the Test foceRgon of Grammar (TROG, Bishop,
1989). In this test, children have to select thetyse that corresponds to a sentence
pronounced by the examiner among four possibilifl@# subtests of the Clinical Evaluation
of Language (sentence production and word repejifitem theEvaluation du Langage Oral
(ELO, Khomsi, 2001) battery, a standardized testevalso administered. Words repetition is
a subtest assessing phonological abilities. Thibtesti contains 32 words to repeat.
Omissions, substitutions of phonemes or syllaldestprtions and additions were counted as
incorrect. The sentence production subtest contdlbs items assessing productive
morphosyntactic abilities. The child has to conpligte sentence produced by the examiner.
Participants’ characteristics are reported in TdblNone of the SLI participants presented an
associated motor coordination disorder.

Children with NL were administered the same testlaldren with SLI, except the
ECOSSE and the word repetition of ELO (note thaséhchildren were reported to exhibit
normal development in all these areas by theiti@cand parents).

< INSERT TABLE 1 ABOUT HERE >

The exclusion criteria of the study were: particizavho were unwilling or unable to
complete the task due to fatigue, attention liroteg, fine motor deficits, or other related
issues. Two children with SLI and their matched é¢dintrols were excluded from the study
because they were characterized as “outliers’; R€s that were 2 SDs from the mean of the

SLI group). SRT tasks were administered to thedecérl in one session lasting approximately
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twenty minutes. The local research ethics commaépgeoved the study, which was carried
out in accordance with the guidelines of the Héisieclaration.
Stimulus materials and procedure

SRT task The experiment consisted of 13 blocks of a fdwice RT task. One
experimental block consisted of a probabilistid@yeent-long sequence repeated eight times,
for a total of 64 trials by block and 832 for thénale task. The eight element learning
sequences were 31432412 and 14234132. Half ofaheipants were trained with the first
sequence for Block 1 to Block 12 and with the secesaquence for Block 13 (the transfer
block). The design was reversed for the other ¢faifie children. On each trial, a stimulus (a
“Disney” figure) appeared at one of the four polksilocations (one of the four corner
windows of a scene), and children were asked tooras$ as fast and as accurately as possible
to each stimulus by pressing the location on tlieticscreen. The task began with a series of
20 randomly generated practice trials.

For the probabilistic constraints of the sequettoe probable location appeared with a
probability of .90 and the improbable location egmeel with a probability of .10. The
improbable locations were randomly produced ambegtwo other permitted locations (e.g.
in sequence 1, the locations “3 1” are usuallyofekd by the location “4”; for an improbable
location, the permitted locations that were usetkvegther “2” or “3” since no repetition was
allowed). In each block, 58 trials (.90 of 64 ts)alvere probable locations and 6 trials were
improbable location (.10 of 64 trials). Sequencareng would be defined by longer RTs
during Block 13 than during Block 12 along with lemerror rates and faster RTs for the
probable in comparison with the improbable location

Procedure.The control of image presentation and recording pe&formed by E-Prime
Software. Participants were seated behind a compuateen that was open at an 180° angle

with the keyboard. The average eye/screen distaase/0O cm. More specifically, the picture



Gabriel-Sequential learning in children with SLI 11

of a scene with four windows (i.e., the locationsewe the stimuli might appear) remained
constantly displayed on the 15” PC screen. Twodeins were in the tower of the scene
(upper left and right) and two windows were placadhe ground floor (lower left and right).
The distance between both the horizontal and \&nwndows was 25 and 14.5 centimeters
respectively. The task was presented as a gambighuhe child had to catch a figure to free
his/her friends. The figure was removed once aetdngd been caught, or when 4000 ms had
elapsed. No feedback was given to the participdrgnnan error was made. The next figure
appeared after a 250 ms-response-stimulus intefhal.participants were given a break after
each experimental block.

We used a modified version of the original SRT teskuit children with SLI. Indeed,
children had to touch the location on the screeeratihe figure appeared as fast and as
accurately as possible instead of pressing theegponding key on the keyboard. The touch
screen was placed on the laptop screen and wae sbime size. Moreover, the laptop screen
formed a 180° angle with the keyboard in order hguee a position as comfortable as
possible for the child. The use of reversed scifeerthe presentation of both material and
stimuli ensured that the children processed thegmted information. The touch screen was
used to assure that children with SLI experientedsiame ease of responding to the stimuli
as children with NL.

RESULTS
Median response RTs for correct responses and rates were computed for each block.
RT analysesin order to determine whether RTs decreased letviddock 1 and Block
12, we first performed an Analysis of Variance (AW&) with Block (12 levels: Blocks 1-
12) as a within-participant variable, and Groupef&ls: NL vs. SLI) as a between-participant
variable. Results showed that children with SLI evgtobally as fast as children with NL,

F(1, 28) = .56 MSE=118449p = .46,%,= .019, and that the RT improvement from Block 1
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to Block 12 was significant-(11, 308) = 11.17MSE = 2554,p < .001, 72, = .28. The
improvement differed by group, as shown in the ifigant group by block interactiork(11,
308) = 1.98 MSE = 2554,p < .05, /73, = .066. In order to determine whether the decrease
differed between both groups between the first gnadlast learning blocks, we performed
linear polynomial comparison with Block (12 leveBtock 1 to Block 12) and Group (2
levels: SLI vs. NL). This analysis revealed thad RTs improvement was similar in both
groups,F(1, 28) = 0.21p = .64. Thus, our results suggest that the intenaaffect observed

in the main analysis is related to other factoentthe learning curves. We hypothesize that
attentional fluctuations might be more importanttive SLI than the NL group. Note that,
because of these attentional fluctuations, mostiestuthat used the SRT task focused more
specifically on the RTs difference between the leatning block and the transfer block.

We then performed an ANOVA with Block (2 levels:oBk 12 vs. Block 13) as a within-
participant variable, and Group (2 levels: NL vil)&s a between-participant variable. This
analysis showed that RTs were similar in both gspEfil, 28) = .36 MSE= 21873,p = .55,

%p = .01 and that Block 12 was processed faster tHaokBL3, F(1, 28) = 26.48MSE =
5254,p < .001, %, = .48 for both groups (non significant interactiéiil, 28) = 2.61MSE=
5254,p =.11, 1%, = .085). Thus, learning appears to be similarathlgroups. The Figure 1
shows mean reaction times (RTs) for each blockfandach group.

< INSERT FIGURE 1 ABOUT HERE >

We also investigated the correct response RTshtoptobable and improbable locations
(see Table 2). In order to determine whether tiobaile locations were performed faster than
the improbable locations, we performed an ANOVAhaktrobability (2 levels: probable vs.
improbable) as a within-participant variable, and@ (2 levels: NL vs. SLI) as a between-
participant variable on the last learning blockd@ 12). This analysis revealed that the

difference between groups was not signific&t,, 28) = .053MSE= 19268,/2,= .002,p =
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.81, that the probable locations were processddrféisan the improbable locatiorfg1, 28)
= 52.92,MSE= 2970,7%, = .65,p < .001, and that the Probability by Group inte@ctivas
non-significant,F(1, 28) = .039, MSE = 2970, /3, = .0014,p = .84, suggesting that all
children (SLI vs. NL) responded faster for probatian improbable locations.

< INSERT TABLE 2 ABOUT HERE >

Correct Responses (CR) analys€@sven that the normality of the CR distributiorasv
violated, the proportion of correct responses weansformed using a logarithmic
transformation.

In order to determine whether the probable triadsenprocessed more accurately than the
improbable trials, we performed an ANOVA with Prbbigy (2 levels: probable vs.
improbable) as a within-participant variable, and@ (2 levels: NL vs. SLI) as a between-
participant variable on the last learning blocko@ 12) (see Table 3). This analysis revealed
that there was a marginally significant differetetween the group&(1, 28) = 4.13MSE=
.0007, 2, = .13, p = .051. This marginal difference suggests thatdoém with SLI (CR
proportion of .98 and .93 respectively for the p@iole and improbable locations) might
produce more errors than children with NL (CR pmbipo of .997 and .97 respectively for
the probable and improbable trials). However, thiterence is small and is mainly due to
one child with SLI who gave only 53 CR for the pable trials. The analysis also revealed
that more CR were given for the probable than lieritnprobable location$;(1, 28) = 8.06,
MSE = .0005, 7%, = .22, p < .05, and that the Probability by Group interatctivas non-
significant,F(1, 28) = 1.41,MSE= .0005,/72,= .048,p = .24, suggesting that the Probability
effect was similar in both groups. If we exclude fharticipant who gave only 53 CR for the
probable trials and his matched NL child from thalgsis, the results show a non significant
difference between the group¥1, 26) = 2.56 MSE= .0006,/72,= .090,p = .12, a significant

Probability effect F(1, 26) = 6.91, MSE = .0005,72, = .21,p < .05 for both groups, and a
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non significant Probability x Group interactidf(1, 26) = .94, MSE= .0005,7%,= .035,p =
.34. Therefore, children with SLI did not producermerrors than controls.
< INSERT TABLE 3 ABOUT HERE >

Reaction time and vocabulary or grammar stafAsin Tomblin et al.’s (2007) study,
we wanted to investigate whether individual diffeses in the SRT task were more strongly
associated with individual differences in grammhilites than in lexical abilities (Uliman,
2001). Using the raw scores from the EVIP, ELO {sece production) and ECOSSE
measures, we performed correlation analyses atitesantire sample (including both the NL
and SLI groups) to assess the association betwaamgar or lexical abilities and a learning
index. Correlation analyses revealed that learmrthe SRT task as measured by the learning
indexes (Block 13 — Block 12)/ (Block 12 + Block)1(®.g., Meulemans, Van der Linden, &
Perruchet, 1998) marginally correlated with theréase in grammar knowledge (ELO
(sentence productionj:= -.35,p = .058), and did not correlate with the increaséekical
knowledge (EVIPr = -.26,p = .16). The negative correlation between the legmndexes
and grammar knowledge differed from Tomblin etsa(2007) results. Nevertheless, we also
computed correlation analyses within each groupsuRe of children with SLI show no
significant correlation between SRT learning indexand both grammar knowledge
(ECOSSET = .27,p = .33; ELO: r =-.44,p = .10) and lexical knowledge (EVIP= -.32,p
= .23). Regarding children with NL, the resultsoaghow no significant correlation between
SRT learning indexes and both grammar (EtO= .18 p = .52) and lexical knowledge
(EVIP: r = .19,p = .49). Overall, our results do not indicate thetmmatical abilities would

be directly related to sequential pattern learmiegormance in a visual spatial task.

GENERAL DISCUSSION
The aim of this study was to explore the hypothekiat language impairment

observed in children with SLI is not a specificdinstic phenomenon, but results from
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dysfunction of a more general cognitive system:pgtacedural system. This hypothesis — the
Procedural Deficit Hypothesis (PDH) — has been psegd by Ullman and Pierpont (2005).
Currently, few studies have directly investigatadgedural learning in SLI. The existing
studies reported controversial findings, with soeghors observing impaired procedural
learning in children with SLI (Kemény & Lukacs, 2D1Lum et al., 2009) and adolescents
(Tomblin et al., 2007), while others found intacbgedural learning in children with SLI
(Gabriel et al., submitted). The aim of the prestatly was to further explore this topic using
material that is closer to the statistical languagestraints than that used in previous studies.
More specifically, we used a probabilistic sequeimcavhich irregularities were inserted in
contrast to a deterministic sequence (i.e., withoegularities) previously used. One of the
factors known to have a large impact on procedeeahing is the complexity of the statistical
information that is acquired during learning. Howgvthe statistical characteristics of the
sequences — i.e. the non-deterministic patternralf language statistical regularities — were
not taken into account in the previous studies th Pherefore, it was not clear to what
extent a relative weakness in the procedural systamd affect language development. The
purpose of the current study, based on methodadogreviously used, (Gabriel et al.,
submitted), to investigate the influence of stat#tcomplexity on procedural sequence
learning in children with SLI by presenting a prbliatic sequence. Such a sequence is more
complex than a deterministic one and mimics thaéssizal properties of language input by
avoiding linguistic structures that are widely usedrtificial grammar learning tasks (Evans
et al., 2009; Plante et al., 2002). To the bestunfknowledge, this study is the first to explore
probabilistic sequence learning in SLI. To do s& wompared children with SLI who
exhibited significant difficulties in both produgrand comprehending language materials.
Results of this study showed sequence-specifimileg in children with SLI. RTs

decreased between the first and the last learniockbChildren with SLI were as fast as
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controls. Analyses concerning the processing ofi Ippbbable and improbable locations and
the impact of the transfer block on RTs showed lasintfearning effect between groups. The
error rate analysis also confirmed this learnirfgaf Once the outlier participant (who gave
fewer correct responses for the probable trials$ eecluded from the analysis, the error
frequency was similar in children with SLI and caté. Moreover, as expected, more correct
responses were given for the probable than theobgire locations in both groups. We did
not find a positive correlation between grammaticabwledge and SRT learning indexes,
rather a negative correlation was found.

The findings of this study stand in contrast tovpmes studies that explored
procedural learning with non-linguistic materiaideed, these previous studies showed that
the procedural learning mechanisms were not asietti in children with SLI relative to
children with NL. Methodological issues might expl@ome of these discrepancies, at least
for Lum et al.’s (2009) study and Tomblin et alZ00Q7) study. The current study utilized
more sequence presentations than previous stuaea touch screen. Thus, it is possible that
children with SLI might learn motor sequential infation as well as children with NL if fine
motor requirements are minimized. These observa@tiowed us to exclude a specific motor
learning deficit in children with SLI. Nevertheleghe response mode could also play a
crucial role in learning in children with SLI; indé, we showed in a previous study (Gabriel
et al., submitted) that it is only when the motad aognitive processing are reduced (i.e.,
when the children have to respond by means of ehtsareen) that children with SLI could
respond as fast and as accurately as children Miithwhile this was not the case when a
classical SRT task was used (i.e., when the cmltiged to respond by means of a keyboard,;
Lum et al., 2009; Tomblin et al., 2007). In othewrds, if children with SLI do not have to
focus their attention on the motor constraints lod task, they seem to be able to learn

similarly to children with NL.
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Another explanation of why our results contrasthwprevious reports of sequence
learning deficits in SLI concerns the number ofsprdgation of the sequence (108 in the
present study, and less than 30 in previous studiEse greater number of sequence
presentations allowed for investigation of whichldien with SLI could show the same
developmental pattern as children with NL, but agl@aver rate (Rice, Buhr, & Nemeth,
1990). Therefore, a higher number of encounterslavibe required for the children with SLI
(Bavin, Wilson, Maruff, & Sleeman, 2005; Evans &t 2009). Thus, it is possible that the
differences between our study and the previous fha®blin et al., 2007; Lum et al., 2009)
could be related to differences in the speed taiaegrocedural knowledge between children
with SLI and with NL, and not to differences in thbility to learn such information per se.
However, our results do not support this hypothesi®ur study, sequence-specific learning
effects are already observable in the first leaytlocks.

According to the PDH (Ullman & Pierpont, 2005),nabmalities of brain structures
that underlie the procedural system should be widesl in SLI and should explain the
observed impairments of grammar, lexical retrieaalld non-linguistic functions that depend
on these structures. In contrast, declarative mgrmsioould be largely spared in SLI. Finally,
individuals with SLI could compensate for their mraatical/procedural deficit by increasing
their reliance on lexical/declarative memory. There, children with SLI would present with
difficulties in procedural learning, regardlesstioé linguistic or non-linguistic nature of the
material, and the correlation between grammaticadwkedge and SRT learning indexes
should be positive.

Our previous (Gabriel et al., submitted) and aurmesults do not support either of
these predictions. In both studies, which usedergfit samples of participants and similar
experimental designs (length of sequence, touateacas response mode), we observed that

children with SLI were able to learn non-linguistiegularities regardless of the sequence
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complexity (deterministic vs. probabilistic). Morewy, they learned the sequence as quickly
and accurately as controls. Therefore, these seshéillenge the PDH by showing procedural
learning abilities in SLI. However, these findinde not allow complete dismissal of the
possibility that children with SLI are less ableanhchildren with NL to use efficient
procedural learning mechanisms to discern certequential information in the input. It is
possible that the procedural mechanisms implietaimguage acquisition differ somewhat
from those implied in sequential learning. Thudfedences in the involved mechanisms
might explain why children with SLI would be able tearn procedural non-linguistic
sequential motor information, and why they wouldl fath linguistic information. Moreover,
difficulties in procedural memory might be redud®da high number of repetitions, as was
the case in our studies. As existing studies of RIH are still limited, questions with
important implications for both SLI and proceduledrning still remain. Future studies are
needed to further assess the PDH in language impair Nevertheless, results of the present
study do not confirm the hypothesis of a globaliaiebf the procedural system in children

with SLI.
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Table 1

Descriptive Statistics for the Different Measuresmnistered
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NL SLI t for the Group-
Variables
M SD Range| M SD Range difference
Gender 49,11b 49,11b N/A
Age 123 17 94-155 122 18 94 - 158 t(28) = - .04
Performance—| 97 11.5 85-116 97 12 82-119 t(28) = -.09
IQ
EVIP 113 11 95-134 89 14 62 -111 1(28) = 4.94 ***
4 children scored below-1.25
ECOSSE N/A 11.80 6.19 4-26 N/A
(number of 7 children scored below -1.25
errors)
ELO (words N/A 22.33 8.65 5-32 N/A
repetition) 13 children scored below -1.25
ELO (sentences| 20.4 3.83 10-25| 13.60 5.14 0-20 t(28) =4.14 *
production) 6 14 children scored below -1.25

Note 1Q = intelligent quotient; N/A = not applicable.

EVIP, French version of Peabody Picture Vocabuleegt (Dunn & Dunn, 1981), standard scores have anme
of 100 and arsD of 15;

Performance QI = Block Design, Picture Completiand matrix subtests of the Wechsler Primary Scéle o
Intelligence — Revised (Wechslef! Edition), standard scores have a mean of 100 ag&Daf 15;

ECOSSE, French adaptation of the Test for Recepti@ddrammar TROG (Bishop, 1989), raw scores haenbe
reported (a minimum of 0 and a maximum of 92).

ELO, Evaluation du langage ora{Khomsi, 2001), raw scores have been reportedtgseas production: a
minimum of 0 and a maximum of 25; words repetitiamminimum of 0 and a maximum of 32).

*p< .05 **p< .01 **p<.001
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Table 2

Mean Reaction Times (in Milliseconds; With Stand&rors of the Means) in Block 12
functions of Probability effect (probable vs. impable locations) during the SRT task

Improbable locations Probable locations
Groups Type
M SEM M SEM
685.90 31.94 586.30 28.09
SLI RTs

NL RTs 696.93 24.09 591.80 23.96
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Table 3

Logarithm on proportion of correct responses (Means Standard Errors of the Means) in
Blocks 12 for both groups’ functions of Probabiléffect (probable vs. improbable locations)

during the SRT task

Block 12
Groups Probability
M SEM
SLI Probable 1.756 .003
SLI Improbable 0.746 .010
NL Probable 1.762 .0005

NL Improbable 0.767 .007
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Figure Caption
Figure 1. Mean reaction times (RTs) for each block for oteid with SLI (square) and

children with NL (circle) for the adaptation of tB&T task plotted separately for each block.
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