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Abstract
Purpose: According tothe Procedural Deficit Hypothesis (PDHjifficulties in the Procedural
Learning (PL) system may contribute to the langudg@culties observed in children with
Specific Language Impairment (SLI).
Method: Fifteen children with SLI and their typically dgeping (TD) peers were compared on
visual PL tasks: specifically, deterministic Sefadaction Time (SRT) tasks. In a first experiment,
children with SLI and their TD peers performed thessical SRT task using a keyboard as
response mode. In a second experiment, they pegtbthe same SRT task but gave their
responses through a touchscreen (instead of a &ey)oiw reduce the motor and cognitive
demands of the task.
Results: Although in Experiment 1, children with SLI densbrated learning, they were slower
and made more errors than their TD peers. Nevexthethese relative weaknesses disappeared
when the nature of the response mode changed (iBEr2).
Conclusions: This study reports that children with SLI may #sthsequential learning. Moreover,
the generally slower RTs observed in previous datestic SRT studies may be explained by the
response mode used. Thus, our findings are notstenswith the predictions of the PDH, and

suggest that language impairments in SLI are ngtigwed by poor procedural learning abilities.

Keywords: procedural learning, sequential learngugcific language impairment, child language

disorder, serial reaction time
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General introduction

Several theories concerning the cause of SLI baea proposed. Some theoretical
accounts of SLI have centered exclusively on lisiaidisorders (van der Lely, 2003), while
others have concentrated on more general processicagnitive mechanisms that might be
impaired in SLI. It has been suggested that pagguage abilities could result directly from a
cognitive deficit of a non-linguistic nature, sueh the slowing down of auditory temporal
processing (Tallal et al., 1996), limited workingmory capacity (Gathercole & Baddeley, 1990,
1993; Ellis Weismer, Evans, & Hesketh, 1999), avslogeneral speed of processing (Miller, Kall,
Leonard, & Tomblin, 2001), or processing capadityitations (Ellis Weismer et al., 2000). In
addition, several studies have suggested thatrehildith SLI have problems with motor skills,
particularly with those involving sequences (Bisha@02; Hill, 2001; Preis, Schittler, & Lenard,
1997; Ullman & Pierpont, 2005). Ullman and Pierp(#Q05) proposed the Procedural Deficit
Hypothesis (PDH) in order to explain both the liisgic and non-linguistic problems observed in
children with SLI. The PDH is based on the DeclaedProcedural model of language learning
(Ullman, 2001), according to which lexical acquais are closely associated to declarative
memory, whereas procedural learning supports skeasgpacts of grammar (i.e., the learning and
use of rule-governed aspects of grammar, acrogaxsymorphology and phonology: Uliman,
2001; 2004). On this view, declarative memory psses the binding of conceptual, phonological,
and semantic representations, while procedural mgmdich is one of several systems involved
in implicit acquisition, underlies aspects of rigarning (Knowlton, Mangels, & Squire, 1996;
Poldrack, Prabhakaran, Seger, & Gabrieli, 1999],iaparticularly important for the acquisition
and use of skills involving sequences — whethesttiences are abstract, sensorimotor, or
cognitive (Aldridge & Berridge, 1998; EichenbaumC®hen, 2001; Squire & Knowlton, 2000;

Willingham, 1998). Uliman and Pierpont (2005) sugjgd that language impairments
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(particularly grammar problems) in children withIShay be largely explained by abnormalities
in brain structures underlying procedural memomy. (ithe basal ganglia). Most importantly, it
predicts impairments not only in procedural menitsgif, leading to deficits in implicit sequence
learning, including some aspects of grammar, ksd al non-procedural functions that depend on
the basal ganglia/frontal circuitry, such as wogkmemory, auditory processing, and lexical
retrieval. In contrast, the medial temporal lobecures that underlie learning and consolidation
in declarative memory are thought to remain largatgct, and expected to play a compensatory
role, at least to some extent, for functions suchuée-governed aspects of grammar that are
normally mainly supported by procedural memory.

Although the PDH could explain the language diffies of children with SLI, only a
handful of studies have investigated this topicas; Saffran, & Robe-Torres, 2009; Gabriel,
Maillart, Guillaume, Stefaniak, & Meulemans, 20Hedenius et al., 2011; Kemény & Lukacs,
2010; Lum, Gelgec, & Conti-Ramsden, 2010; Lum, G&amsden, Page, & Ullman, in press;
Plante, Gomez, & Gerken, 2002; Tomblin, Mainela-@dy & Zhang, 2007). Most of these
investigations on implicit learning in individualgth spoken language learning difficulties in
general, and in children with SLI, in particulagve been restricted to the verbal domain in tasks
that depend on procedural memory structures (Pktrdak, 2002; Evans et al., 2009). The main
reason for this is the apparent similarity of thesebal tasks to real-life language learning
contexts, in which linguistic structures are widelyolved. For example, Plante et al. (2002)
showed that college students with language/leardisapilities (L/LD) were less able than
controls to recognize word order cues, by usindudificial Grammar Learning (AGL) task
(Reber, 1989). Relatedly, Evans et al. (2009) caoaththe performance of children with or
without SLI in a statistical learning task. Theg@found that the computational mechanism that
allows unimpaired children to use statistical infiation to discover word boundaries is not as

effective in children with SLI. Although childrenitiv SLI were able to track the transitional
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probabilities in the speech condition after a deubtposure (42 minutes instead of 21 minutes),
they were unsuccessful at differentiating newlyned target words from highly similar-sounding
foils during the testing phase of the task. Moreptreey were not able to track the transitional
probabilities in a non-linguistic (tone) conditiaen in the double exposure condition.

Nonverbal procedural memory, which is the focuthefpresent paper, has been explored
in the learning of both probabilistic sequences (sequences with some irregularities inserted:
Schvaneveldt & Gomez, 1998; Gabriel et al., 201ddéhius et al., 2011; Kemény & Lukacs,
2010) and deterministic sequences (sequences oimgainly regularities: Lum et al., 2010;
Lum, Conti-Ramsden, Page, & Ullman, in press; Tamét al., 2007). Procedural learning
impairment in SLI has mainly been assessed usipjdinvisuo-spatial Serial Reaction Time
(SRT) tasks: performance on these tasks depenpgsooadural memory (Knopman & Nissen,
1991; Nissen & Bullemer, 1987; Siegert, Taylor, Wieaall, & Abernethy, 2006). In a typical
SRT task, participants are asked to react as quasid as accurately as possible to stimuli that
appear on a computer screen by pressing one okéysron the keyboard, where each key
corresponds to a stimulus location on the screabeknownst to the participant, rather than
appearing in random locations, the stimuli follomepeated sequence. In this task, learning of
the sequence is shown by longer reaction times)(RTatransfer block in which a different
sequence of stimuli is presented (e.g., Meulenm¥as,der Linden, & Perruchet, 1998).

Three studies have assessed PL abilities withglmibstic tasks in children with SLI.
These studies found contrasting results: whilestndy reported impairment in probabilistic
category learning (Kemény & Lukacs, 2010), othedsmibt show clear initial sequence learning
deficits (Gabriel et al., 2011; Hedenius et al1 P20 In contrast, all studies that have assessed PL
abilities using deterministic SRT tasks have regmbdequence learning deficits in children with

SLI (Lum et al., 2010; Lum, Conti-Ramsden, PageJlBnan, in press; Tomblin et al., 2007).
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Tomblin et al. (2007) compared the performancémfear-olds with and without SLI in
a SRT task with a button box as the response midas, showed that both groups learnt the 10
element sequence, although the sequential learaiag were slower for adolescents with SLI in
comparison with TD peers. These data suggest lihagh adolescents with SLI were able to
learn the sequence, they required significantlyenoals to do. Moreover, Tomblin et al. also
reorganized the initial groups of adolescents witkvithout SLI into two other binary groupings
based on scores on either lexical tests or granwsts. Only the high and low grammar groups
showed a difference in sequential learning raten leti al. (2010) obtained similar results, by
reporting that the magnitude of the difference leetwthe last learning block and the transfer
block was significantly larger for the children it D than for the children with SLI, even after
removing the variance related to children’s mopmesl. More recently, Lum, Conti-Ramsden,
Page, and Ullman (in press) replicated the reshiisthey obtained in 2010, even when working
memory was held constant. Moreover, Lum et alp(ess) showed that grammatical abilities
were associated with procedural memory in the Tilan, but with declarative memory in
children with SLI. Overall, therefore, determinsB8RT studies seem to confirm the predictions
of the PDH, based on the observation of sloweniegrrates in children with SLI in addition to
associations between grammatical abilities and paibedural (Tomblin et al., 2007) and
declarative memory (Lum, Conti-Ramsden, Page, &nldi, in press) that support the
predictions of the PDH (i.e., declarative memorgtlgacompensates for grammar learning,
which is impaired in SLI due to a procedural defici

However, two issues in relation to the determiaiSRT studies of Tomblin et al. (2007)
and Lum et al. (2010; in press) must be addre$3est, these studies investigated PL with a
small number of learning trials in comparison te tisual number of presentations required in
implicit learning. Indeed, the sequence is tradiibty repeated between 84 and 120 times (e.q.,

Destrebecqgz & Cleeremans, 2001; Russeler, GerMi&te, 2006; Stefaniak, Willems, Adam, &
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Meulemans, 2008), while it was repeated only 2@&nm Tomblin et al.’s (2007) study, and 36
times in the studies of Lum et al. (2010; in presad)ich could explain the absence of sequence-
specific learning observed in some of their pgoaats. Secondly, Tomblin et al.’s (2007) and
Lum et al.’s (2010; in press) studies used an umguols 10-element-long sequence in which
some locations are presented more often than of@gys location 4 occurs 4 times while
location 1 occurs only once in the study of Tomlgliral.). Consequently, it is not clear whether
children with SLI showed slower learning rates hseathey are not able to learn quite simple
information (i.e., some locations occur more ofteninore complex procedural information
(e.g., the relationships between occurrences frdift locations).

In the present study, we decided to investigategatoral learning in children with SLI by
making two main methodological changes with respette studies of Tomblin et al. (2007) and
Lum et al. (2010; in press): (a) we presented dHeetlearned sequence 48 times, which is closer
to the number of presentations used in most studie3RT in children; (b) we used an
ambiguous sequence (i.e., each stimulus positialddme followed by two different locations;
Cohen, Ivry, & Keele, 1990), in which specific seque learning effects could only be explained
by knowledge of second-order conditional assoaiatiand not by knowledge of simple
associations or item frequency, as in the cas@wrfambiguous sequences.

Furthermore, given that the SRT task involves aoly procedural memory but also
several other cognitive and motor processes, iidche hypothesized that the differences between
children with and without SLI are related to thesleer motor or cognitive constraints. Given that
the SRT task is predominantly a motor task (Derdsboetens, 2006a, 2006b) and that an
association between generalized motor impairmedtlanguage impairment has been reported
(Bishop, 2002; Bishop & Edmundson, 1987; Hill, 192801; Powell & Bishop, 1992; Preis,
Schittler, & Lenard, 1997; Robinson, 1991; Schw&tRegan, 1996; Webster, Majnemer, Platt,

& Shevell, 2005), we could hypothesize that théidifties of children with SLI on this task are
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only due to fine motor difficulties (Jancke, Sietieler, Preis, & Steinmetz, 2006; Powell &
Bishop, 1992; Zelaznik, Goffman, 2010). Moreovée use of a gamepad (Lum et al., 2010; in
press), a response box (Tomblin et al.,, 2007) &eyboard requires processing to match the
location of the stimulus on the screen with theregponding key. This processing could be
impaired in children with SLI. Indeed, when perfamgnthe SRT task with a gamepad or a button
box, the stimuli on the screen must be phonololyicatoded in order to press the corresponding
key (e.g., if the stimulus appears at this firgtlioon, | must push on the “c” key). This meang tha
participants have to maintain the relation betwibenocation on the screen and the corresponding
key in short-term memory throughout the entire tagkis is problematic for children with SLI
since Gillam, Cowan and Marler (1998) found thatdrbn with SLI were impaired on a similar
short-term memory task. Thus, it might be hypothesithat differences between the children with
SLI and TD is related to differences not in progatidearning but due to the involvement of
phonological representations in the recoding betvike location and the motor response.
Aims

The aim of this study is to assess the PDH irdodil with SLI using the SRT paradigm,
by setting up an experimental situation charaaterizy more learning trials than in previous
studies, and by using a learning sequence thag spwEcifically, would test the children’s ability
to learn complex (i.e., second order) statistiegutarities within the sequence. To achieve this,
two sequence implicit learning studies were coreliicFirst, a classical SRT (Nissen & Bullemer,
1987) task was used. We predicted that, if poocgutaral learning ability is a core deficit in
children with SLI, sequential learning difficultisbould still be observed even when more
learning trials are administered. On the other hanthparable performance levels between
children with SLI and their TD peers under this@atd#ion of the SRT task would attest to some

preserved procedural abilities.
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Then, in order to rule out the possibility thefeliences observed between children with
and without SLI might be related to fine motor amddognitive constraints, we conducted a
second experiment in which a touchscreen was usessponse mode. The advantage of the
touchscreen is that fine motor constraints werekeeaince the movements required are not
finger movements but arm movements. The researestign on the second experiment was thus
to investigate whether the longer RTs and highareates reported in previous studies (e.g.
Lum et al., 2010; in press; Tomblin et al., 2008 i@elated to the response mode. Contrary to
Experiment 1, which involved a bimanual responseenthis second experimental task used a
unimanual response mode. Here, children had tohesepreferred hand to touch the location on
the screen where the target appeared instead sgipgethe corresponding key on the keyboard.
In fact, a single-hand response mode might be ricpdar interest: previous research has shown
a callosal transfer deficit in SLI (Fabbro, Libe€aTavano, 2002), which could impair the
integration and coordination of the activity of timeo cerebral hemispheres required when both
hands are used (as is the case on the classicalaSRTsing the keyboard as response mode).
Furthermore, the cognitive constraints are alsoced, given that this task requires children to
push directly on the visual stimulus itself, whitkeans that phonological recoding between the
location on the screen and the corresponding keg isnger required.

This study is the first to adopt this approachedily testing sequential learning abilities with

a touchscreen as response mode. According to the Eldldren with SLI should continue to
present difficulties in sequence-specific learnmgomparison with TD children. Conversely, if
a short-term memory and/or manual dexterity impamtexplained previous results, the
performance of children with SLI on the touchscrbased SRT task should be similar to that of
TD children.

Finally, like Tomblin et al. (2007), we wanteditwestigate whether individual differences

in SRT learning are more strongly associated withvidual differences in grammatical than in
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lexical abilities. If the PDH is to explain SLI, @ositive correlation should be found between
performance on grammatical tasks and the SRT legreffect (i.e., children who suffer from
grammatical disabilities should show poor learreffgcts on the SRT task).

Experiment 1

Methods

Participants

Fifteen French-speaking children with SLI agedo61R years (mean age = 123
months; SD = 19; range = 93 — 147) and 15 typica@dlyeloping children (mean age = 125
months; SD = 19; range= 91 — 151) participatechendtudyNo participant had previously
taken part in any other implicit learning study.rtiRgpants were originally identified as
having either normal learning development or SID. children were recruited from schools
near the University of Liege, Belgium. Children kviSLI were recruited in a special
educational setting for children with severe larggudisabilities, where they had received a
previous clinical diagnosis of SLI by profession@peech-language pathologists and child
neurologists). All children were Caucasian and cdrmom families with a low or middle-
class socio-occupational background, which wasrohéted by their parents’ profession
(INSSE, 2003). Four children with SLI and fourldnén without SLI came from a lower-

SES background where the parents were unemploy&droemaker. Eleven children with
SLI and 11 children without SLI came from a mid@ES background, where at least one
parent was a skilled or unskilled worker but nothager.

The parents were asked to complete a medical higtogstionnaire in order to ensure that
all children were French monolingual speakers, hadhistory of psychiatric or neurological
disorders, and had no neurodevelopmental delayeasosy impairment (e.g., gross motor
coordination disorder, visual impairments). We dat carry out motor or visual screening, but it

can be argued that performance on the SRT tasknetnfluenced by these factors: indeed,

10
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children with SLI performed as quickly and accuatas typically developing children in pre-
tests for the SRT task (which consisted of a sesfe20 randomly generated practice trials): all
children performed at substantially above-chaneel$eon this pre-test. Moreover, TD children
presented no language impairment and no other gemeral learning impairments. The parents
of all children gave informed consent.

Children were tested individually in a quiet sedtat their school. Each child with SLI was
matched with a child with TD based on socioeconastatus (i.e., matching was based on the
level of education required to perform the parejuis), gender (11 boys), Perceptual Reasoning
Index (+/- 8 points; WISC IV; Wechsler, 2005), astdonological age (+/- 3 months). Thus, the
children with or without SLI did not significantljiffer in terms of age, t (28) <1, n.s., or
nonverbal reasoning abilities (Perceptual Reasoimdegx of the WISC-1V, Wechsler, 200%),

(28) < 1, n.s. (see Table 1). However, they diffieretheir phonological abilitieg(@8) = 8.83p=
.009, Student’s-test with Welch’s correction) as measured by tloedwvepetition task from the
Evaluation du Language Oral (Khomsi, 2001), lexadailities ¢(28) = 14.99p= .0006, Student’s
t-test with Welch’s correction) as measured byRhench adaptation of the Peabody Picture
Vocabulary Test (Echelle de Vocabulaire en ImagesbhBdy: Dunn, Thériault-Whalen, & Dunn,
1993), receptive grammatical abilitig28) = 22.74p=.0001, Student’s t-test with Welch’s
correction) as measured by the French adaptatitmeofROG (Epreuve de COmpréhension
Syntaxico-SEmantique; Lecocq, 1996).

We applied diagnostic criteria for SLI in line tvithose typically used in studies of SLI in
English-speaking children: that is, scores loweeaqual to 1.2%D below the mean in two or
more of four language tests in conjunction withdeptual Reasoning Index scores of 80 or higher
(WISC IV; Wechsler, 2005). Perceptual Reasoningkwas calculated on the basis of three
subtests (Matrix Reasoning, Block design, and Rectompletion). We also administered a verbal

Reasoning Index (WISC IV; Wechsler, 2005) and aihgaest. All children had normal hearing.

11
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The criteria for normal hearing were the ASHA 19@irdelines for hearing screening (at 500,
1000, 2000, and 4000 Hz and 20 dB). A significdrgtlienge for the identification of specific
language-impaired French speaking children reliethe scarcity of reliable specific standardized
tests. Thus, we administered both a battery ofdstatized and non-standardized language tests to
children with SLI in order to establish a profileweeaknesses for each child with SLI and to
examine the relationships between SLI in Frenchpndedural learning. The children with SLI
exhibited significant difficulties in producing afed understanding language materials; specific
difficulties were observed in phonology, grammaug aarrative. In order to allow the assessment
of the PDH, all children with SLI had to presentestst one grammatical deficit. Four language
tests were administered: 2 receptive testhélle de Vocabulaire en Images PeabdiP,
Dunn, Thérault-Whalen, & Dunn, 1998preuve de COmpréhension Syntaxico-SEmantique
ECOSSE, Lecocq, 1998) and 2 expressive tests (smnproduction and word repetition,
Evaluation du langage orakELO; Khomsi, 2001). The EVIP (Dunn, Thériault-Whal& Dunn,
1993), which is a French adaptation of the Pealbudyre Vocabulary Test (Dunn & Dunn,
1981), measures lexical knowledge. The ECOSSE (pc®98), a French adaptation of the Test
for Reception of Grammar (Bishop, 1989), measugesptive grammatical knowledge. We also
administered two subtests of the Clinical Evaluaté Language (word repetition and sentence
production) from the ELO battery (Khomsi, 2001) eiord repetition task measures repetition
performance for late-acquired phonemes, complexglogical patterns and multisyllabic words.
The sentence production task measures productivghogyntactic abilities by assessing the
children’s ability to complete the sentence produicg the examiner.

TD children were administered the same tests aslrehi with SLI, except the sentence
production component of ELO and the Verbal IQ tds$tese children were reported to exhibit
typical development in all areas assessed. Patitigharacteristics are reported in Table 1.

< INSERT TABLE 1 ABOUT HERE >
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No participants were excluded from the study. Tlaesical SRT task was administered to the
children in one session lasting approximately twentinutes. We did not control for the
participants’ handedness; the response panel usedrisecond SRT task required children to
press a button with either their right hand orrheft hand according to their handedness.

Stimulus materials and procedure

The experiment consisted of 7 blocks of four-chdétdetasks. One experimental block
consisted of an 8-element-long sequence repeaattenes. Thus, each block involved 64 trials.
There were six learning blocks (Block 1 to Blocka)d one transfer block (Block 7). The same 8-
element-long sequence (1-3-4-2-3-1-2-4) was reddaben Block 1 to Block 6. Thus, there were
384 learning trials. Within the transfer block, #rer ambiguous 8-element-long sequence (4-2-1-
3-2-4-3-1) was repeated eight times. In total dhiéren participated in 448 trials, divided upant
7 blocks. In each trial, a stimulus (a sorcerepeaed in one of four possible locations (one of
the four corner windows of a castle). The 8-elerteng sequence is an ambiguous sequence
because each position could be followed by twcedddfit possible locations (Cohen, Ivry, &

Keele, 1990). Thus, in our experimental sequentex4-2-3-1-2-4", if 4 comes before 2, then 2
will be followed by 3. Nevertheless, 2 will follodor 1 with a probability of 0.50 and it will

follow 1 with a probability of 0. Half of the pacipants were trained using the first ambiguous
sequence (“1-3-4-2-3-1-2-4") for Blocks 1-6, witletsecond ambiguous sequence being used for
Block 7 (the transfer block: “4-2-1-3-2-4-3-1");ishdesign was reversed for the other half of the
participants. Learning of the sequence in Blocks is-attested by longer RTs in Block 7 than in
Block 6. Moreover, the visual stimulus appearedanh window on the computer screen the same
number of times as in Blocks 1-6. The sequences made equivalent with respect to location
frequency (each location occurred twice).

Procedure.The control of image presentation and the recgrdirresponse speed and

accuracy were performed using the E-Prime Softraesion 1.2). Participants were seated in

13
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front of a computer screen, at an average eyefscistance of 70 cm. The SRT task was
designed in order to make the task attractive idden. More specifically, a picture of a castle
with four windows (i.e., the locations where thienstli might appear) was used, which remained
constantly displayed on a 15” PC screen. Two wimslavere in the tower of the castle (upper left
and right) and two windows were placed on the gddiwor (lower left and right). The horizontal
and vertical distances between the windows wasotisgely 25 and 14.5 centimeters. For each of
the locations, the corresponding key on the FréxtlBRTY keyboard was spatially compatible
(i.e., the D key for the upper left, the J keyttoe upper right, the C key for the lower left, ahd
N key for the lower right). They were instructedutse the middle and index fingers of both hands.
The task was presented as a game in which thewhsda knight who had to fight sorcerers to
liberate his/her friends. In order to accompliskiitimission, the children had to press the
corresponding key as quickly and as accuratelyasible. The task was a continuous choice
reaction time procedure. The sorcerer was remowed a key had been pressed, or when 4000
ms had elapsed. No feedback was given to the emicwhen s/he made an error. The next
sorcerer appeared after a 250 ms response-stinmt#ugal (Meulemans et al., 1998). Participants
were given a break after each experimental blobl. task began with a series of 20 randomly
generated practice trials. Participants were rforined of the presence of a sequence. Because
the trials were so highly constrained, differenisesveen the learning and transfer blocks cannot
be explained by the frequency of the locationgrst-brder transitions. Instead, they must reflect
learning of more complex aspects of the sequende &s1segments of three consecutive elements
(second-order transitions).
Results and Discussion

First, we ensured that no “outliers” (i.e., RTsaccuracies that wereSDs from the mean
of their group) were included in the analyses. Nitdeen could be considered as outliers. Because

the distribution of our reaction time data was nalrffast learning blockWV = .95,p = .25;

14
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transfer blockW = .94,p = .13), parametric analyses could be performethese results. On the
other hand, the normality of the correct responstiblution was violated (last learning blodk/

= .64,p <.001; transfer blockw = .70,p <.001); therefore, the data were transformed uaing
logarithmic transformation prior to further anakysi

RT analysesThe mean of the median response RTs for coresgionses was calculated for
each block, as is common practice in studies LBMGRT task (Nissen & Bullemer, 1987). We
first performed an Analysis of Variance (ANOVA) ngiBlock (6 levels: Blocks 1-6) as a within-
participants variable and Group (2 levels: TD Jdl) &s a between-participants variable. The
results show that children with SLI were slowermdehan TD childrenF(1, 28) = 6.74MSE=
136391p < .05,7,? = .19, that RT improvement from Block 1 to Blagkvas significantf(5,

140) = 18.73MSE= 8874,p < .001,7,2 = .40, and that this improvement was similamhie two
groups, as shown by the non-significant interacti{h, 140) = .55MSE= 8874,p=.73,n?=
.019 (see Figure 1).

Since learning is considered to be sequence-spedifen RTs slow down from the last
learning block (i.e., Block 6) to the transfer lkdce., Block 7), we performed an ANOVA with
Block (2 levels: Block 6 vs. Block 7) as a withiaficipants variable, and Group (2 levels: TD vs.
SLI) as a between-participants variable. This aialgnce again showed that children with SLI
were significantly slower than TD childreff(1, 28) = 11.46MSE= 22503 p < .005, 7%= .29,
and also that Block 6 was processed faster thackBig=(1, 28) = 16.81MSE=12172p < .001,
n? = .37. However, the interaction was not fountieécsignificantfF(1, 28) = 0.0005MSE=
12172,p = .98, ny? < .001, suggesting that both groups demonsteatagnificant increase in
their RTs from Block 6 to Block 7.

However, because the children with SLI respondegdifstantly more slowly than TD
children (as in the studies of Tomblin et al., 2087d Lum et al., 2010, in press), we calculated a

learning index that has been used in previous esudiorder to control for this kind of difference
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in RT baselines: (Block 7 — Block 6) / (Block 6 toBk 7) (e.g. Thomas & Nelson, 2001) tAest
showed that the difference in learning indices leetwthe groups was not statistically significant
(.09 and .11 respectively for children with SLI and children),t(28) = 0.40p = .69. The
absence of difference cannot be attributed toladdpower, as confirmed by the small effect size
(d=0.06; Cohen, 1988).
< INSERT FIGURE 1 ABOUT HERE >

Analyses of correct responsés order to ensure that the absence of differéeteeen the
RT decreases observed in both groups was notdefawdifferences in accuracy, we conducted an
ANOVA with Block (2 levels: Block 6 vs. Block 7) aswithin-participants variable, and Group
(2 levels: TD vs. SLI) as a between-participantsakde on the logarithms of correct responses.
These analyses revealed that children with SLI nfiedfer correct responses than TD children,
F(1, 28) = 5.99MSE= 146.9,p < .05,,.2 = .17. This analysis showed an absence of difteren
between the last learning block (Block 6) and thedfer block (Block 7)-(1, 28) = 2.54MSE=
8.0,p = .12, = .08) in both groups (non-significant interactiéi(1,28) = .019MSE= 8.0,p =
.89, 7,2 =.00067. The mean proportion of correct respofeesoth Block 6 and 7 was
respectively 0.883D= 0.13) and 0.863D= 0.12) for children with SLI. The mean proportioih
correct responses for both Block 6 and 7 was réispéc0.95 SD= 0.04) and 0.943D= 0.04)
for children with TD. Thus, these results show ttatdren with SLI made fewer correct
responses than controls, but also that this diffe¥evas stable between Block 6 and Block 7 for
each group. In other words, accuracy analysestaure out the possibility that, the similarity
between the learning curves of children with SLd &M children could be due to the fact that the
SLI children produced a greater number of errors.

As a whole, the learning indices seem to indida# thildren with SLI are capable of
specific sequence learning when they are exposadjteater number of learning trials and given

a sequence in which each sequence element is pedssqually. However, our results also show
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that children with SLI were slower and made morersrthan their control peers. Therefore,
although these findings are the first to show dpesequence learning indices in children with
SLlI, these results must be interpreted with causione these learning indices could be an artefact
of differences in accuracy. The idea that childréthh SLI present a preserved learning of motor
sequences would be more convincingly supportedtt groups responded with similar RT and
accuracy.

Experiment 2

Methods

Participants

The thirty children who participated in Experiménivere recruited 2 months later to

participate in Experiment 2. This variant of theTSfask was also administered to the children in a
single session lasting approximately twenty minutes

Stimulus materials and procedure

The same materials and procedure as in Experiineste used for Experiment 2, except

for the response mode: children now had to toueHdbation on the screen where the sorcerers
appeared as quickly and accurately as possibleadsif pressing the corresponding key on the
keyboard. At the beginning of this SRT task, pgraats were free to spontaneously choose one
arm according to their hand preference. Once tlaglydhosen their hand, the children were not
allowed to use the other hand afterward duringdkk. Therefore, the children could not vary
their handedness across learning trials. As shaviAigure 2, the touchscreen was placed on the
laptop screen and was of the same size. The |soteen was lowered so that the touchscreen was
at the same level as the keyboard (i.e., the degleeen the keyboard and the laptop screen was
180°) and the picture of the castle was revershis Josition allowed the child to see the castle
the right way up and to press the touchscreen hnigither elbow on the table, so that the situation

was as comfortable as possible for the child.
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The sequences used in Experiment 2 were différemt those in Experiment 1, although
they had the same level of complexity. As in Expemt 1, half of the participants were trained
with the first sequence (“2-1-4-3-4-1-2-3") for Bks 1-6, with a second sequence for Block 7
(the transfer block: “1-2-4-3-4-2-1-3"); this desiwas reversed for the other half of the
participants.

< INSERT FIGURE 2 ABOUT HERE >

Results and discussion

As in Experiment 1, the distribution of our RT datas found to be normal (Block &/ =
.98,p = .89; Block 7:.W = .98,p = .85), and so we computed parametric analyse¢base results.
On the other hand, to correct for non-normalityhia correct response distribution (BlockV@:=
40, p <.001; Block 7:W = .77, p <.001), the data were transformed using a logaitth
transformation.

RT analysesThe types of analyses used were identical teetpesformed in Experiment
1. We first performed an ANOVA on the mean of thedian RTs for correct responses with
Block (6 levels: Blocks 1-6) as a within-participauvariable and Group (2 levels: TD vs. SLI) as
a between-participants variable. Results showed ithaontrast to Experiment 1, the RTs of
children with SLI were similar to those of TD chiésh, F(1, 28) = .04MSE= 124817p = .82,73,?
=.001, that the RT decrease from Block 1 to Bl6akas significantF(5, 140) = 19.11MSE=
9440,p < .001, 7?2 = .40, and that this decrease was similar féin ooups, as shown by the
non-significant interactiorf(5, 140) = .25MSE= 9440,p = .93, 77, = .009 (see Figure 3).

We also performed an ANOVA with Block (2 levelsoBk 6 vs. Block 7) as a within-
participants variable and Group (2 levels: TD Jdl) &s a between-participants variable. This
analysis showed that the two groups’ RT’s weresmgtificantly differentfF(1, 28)= .29MSE=

37950,p = .58,1,2 = .01, that Block 6 was processed faster thackBioF(1, 28) = 30.37MSE=
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10543,p < .001,77,? = .52, and that the Block x Group interaction wes-significantF(1, 28) =
2.59,MSE= 12172 p=.11, 7,2 <.08.
< INSERT FIGURE 3 ABOUT HERE >

Thus, we show that the RT improvement between Bloakd Block 6 is strictly equivalent
in both groups; we also show that, in Block 6, R¥es were similar in the two groud$28) = .29,

p =.77. If children with SLI are considered to shiompairment in sequence-specific implicit
learning, then how should the similarity betweegirttearning curves (from Block 1 to Block 6)
and those of children with TD be explained? Indedtken a procedural learning impairment is
diagnosed, the usual pattern of results showsrgfisi@nt difference in RTs between groups for
the last learning block, and an absence of difieedor the transfer block (Vicari et al., 2003). In
the present study, there was no difference inabkeléarning block between the groups, while the
difference between the last learning block andrdwesfer block was more pronounced for the TD
group even though it was not significat(g8) = 1.14p = .26. Moreover, for Block 6, the absence
of difference cannot be due to a lack of powereitne effect size is smatl € .11). This small
difference could be reliably detected only if a 6gmple was recruited (i.e., 1250 participants).
Thus, we can argue that the non-significant intesadetween our groups cannot simply be
accounted for by a lack of power, and that theltesannot be interpreted as reflecting an
impairment in procedural sequence learning.

Analyses of correct respons&¥e conducted the same analysis on the corrgubmess as in
Experiment 1. This analysis showed an absencefefeice between groups(l, 28)= .93,MSE
=.002,p= .34,y =.03. We observed an absence of differencedsatwhe last learning block
(Block 6) and the transfer block (Block F(1, 28)= 3.66,MSE= .0007,p=.06,7,2 = .11, and a
non-significant interactiorf; (1, 28) = .19MSE= .0007,p = .66, /7,2 = .0068. The mean

proportion of correct responses for both Block @ @rwas respectively 0.96D= 0.10) and 0.93
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(SD= 0.08) for children with SLI. The mean proportioicorrect responses for both Block 6 and
7 was respectively 0.98D= 0.03) and 0.953D= 0.06) for children with TD.

As a whole, the findings of this second experimedicated that children with SLI were able
to perform this task as quickly and accurately lasirtTD peers. These findings suggest that
children with SLI may be able to learn new motogusential information in procedural memory
with the use of an appropriate response mode.

We also wondered whether the nature of the resporgke (keyboard vs. touchscreen) had
an impact on the children’s reaction times. Ourdmt®n was that TD children would respond
faster with the keyboard due to the time devotethdwing the hand or the arm from one corner of
the screen to another. For children with SLI it waere difficult to predict what effect the
response mode could have on their RTs: we hypabesthat this effectvould be less
pronounced, or even that there would be no effeotsponse mode. To answer this question, we
performed an Analysis of Variance (ANOVA) with Blo¢3 levels: Blocks 1, 6, and 7) and
pointing task (2 levels: keyboard vs. touchscreenvithin-participants variables, and Group (2
levels: TD vs. SLI) as a between-participants \deaResults showed an absence of Group effect,
F(1, 28) = 2.19MSE= 68685p = .15,77,> =.072, a significant pointing task effect iwda of the
keyboardF(1, 28) = 5.22MSE= 37917 p<.05, 77,> = .15 and a significant Block effect reflecting
the usual difference between the last learningkobo the transfer block(2, 56) = 43.77MSE
= 16826 p < .001, 77,2 2 = .60. The pointing task by group interactioasvsignificantf(1, 28)=
6.12,MSE= 37917 p<.05, 17,> = .18. As predicted, this interaction was du¢he fact that TD
children responded faster on the classical SRT thak on the adapted SRT tagKl, 28) =
11.33,p<.01, while the RTs of children with SLI were siarilfor both response moddg1, 28)
<1. This last result confirms the hypothesis thanks to the touchscreen, children with SLI
responded with latencies similar to TD childr&gl, 28) <1, while in the keyboard condition,

children with SLI were slower than TD children(1,28) = 6.34p<.05. Thus, these results could
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reflect either impairment of fine manual (digitdgxterity, or difficulty in the processing required
to match keys on the keyboard (or gamepad, or bdibx) with locations on the screen, or even a
callosal transfer deficit as suggested by sevardiass (Fabbro et al., 1998; Njiokiktjien, 1983;
1990). The other interactions did not reach sigarice.

Reaction time and vocabulary or grammar status.

Following the study of Tomblin et al. (2007), weanted to investigate the specific
predictions of the PDH, according to which procedilgarning problems should be more strongly
associated with grammar deficits than with lexmabroader language deficits. In Lum et al.’s (in
press) study, associations between procedural nyearmat language variables were examined
with correlations (Pearson’s) computed for each language ability measure, sglgr for
children with TD and children with SLI.. For proeedl memory, we used ttzescore of the SRT
learning indices (Block 6 — Block 7) / (Block 6 +08k 7). For lexical abilities, we used tlze
score for the receptive (EVIP) test. Likewise, joammatical abilities, we used tkacore for the
expressive (ELO: sentence production) grammaratedtthez-score of the receptive (ECOSSE)
grammar test.

The receptive lexical abilities (EVIP) of particiga with SLI were not correlated with SRT
learning indices (touchscreans= 0.19,p = .49; keyboard = -0.06,p = .81). SRT learning indices
were also not correlated with either expressivengnatical abilities (ELO) (touchscreen:= -
0.20, p = .47; keyboardr = -0.11, p = .69) or receptive grammatical abilities (ECOSSE)
(touchscreern. = -0.18,p = .51; keyboard = 0.27,p = .32).

The receptive grammatical abilities (ECOSSE) &f dhildren were also not correlated
with SRT learning indices (touchscreers 0.24,p = .37; keyboarda = 0.28,p = .31). Finally, TD
children’s receptive lexical abilities (EVIP) wenet correlated with SRT learning indices for the
keyboard ( = .34,p = .20), but this correlation was significant witkettouchscreemnr & -0.75,p

<.05) as response mode.
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Overall, these data do not appear to be congmightthe prediction of the PDH (Ullman
& Pierpont, 2005) that grammatical impairments, tcamy to lexical ones, should be strongly
associated with procedural learning deficits (dee @omblin et al., 2007). In the present study,
only poor receptive lexical abilities were assaaiatvith poor procedural memory in TD children,
and this correlation was only significant with tie@chscreen response mode.
General discussion

Most previous studies on procedural learning in Bave supported the predictions of the
PDH, reporting impairments in linguistic domaingisiwas statistical learning of verbal stimuli
(Evans et al., 2009) and artificial grammar leagniRlante et al., 2002), but also in non-linguistic
domains such as procedural grapho-motor learniri-rJApha, Strulovich-Schwartz, & Julius, in
press), probabilistic category learning (Kemény &kécs, 2010) and deterministic sequence
learning (Lum et al., 2010, in press; Tomblin et &007). Only two recent studies, which
investigated probabilistic sequence learning inSRT task, did not report clear sequence learning
deficits in children with SLI (Gabriel et al., 201Hedenius et al., 2011).

In the present study, Experiment 1 aimed to refdigaevious deterministic results (Lum et
al., 2010, in press; Tomblin et al., 2007) by coltittg two methodological issues in order to
better support the predictions of the PDH. First, wanted to investigate whether children with
SLI could reach similar learning levels as contralsen the sequence is presented a greater
number of times than in previous studies (Tombtiale 2007; Lum et al., 2010, in press). In the
current study, the sequence was presented almm&t & many times as in the studies of Lum et
al. Second, we wanted to investigate implicit segedearning by using an ambiguous sequence,
for which specific sequence learning effects coudy be explained by knowledge of second-
order conditional associations, contrary to theminguous sequences used in the studies fo

Tomblin et al. and Lum et al.
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The results of Experiment 1 showed a specific sptjal learning effect in children with
SLI, although their responses were still slower #m&ly made more errors than their TD peers.
These results presented discrepancies with stsdiggesting that statistical sequence learning is
impaired in SLI when a deterministic sequence edusum et al., 2010, in press; Tomblin et al.,
2007). Our results show that children with SLI nieyable to learn not only probabilistic (Gabriel
et al., 2011; Hedenius et al., 2011) but also datestic sequences on an SRT task. According to
Hedenius et al., sequential learning may be e#&siechildren with SLI in the probabilistic SRT
task than in the traditional deterministic SRT t&®ss neither of the studies using the probalailisti
sequence reported clear initial sequence learngfigits, whereas such deficits did appear in the
three studies that used a deterministic sequenaa @t al., 2010, in press; Tomblin et al., 2007).
This hypothesis seems unlikely for two reasonsstfFas Schvanelvedt and Gomez (1998) point
out, probabilistic sequences are more difficultearn than deterministic sequences. Second, the
learning of the 10-element sequence might onhectflocation frequency knowledge (i.e., some
locations are presented more often), while thisnoame the case with the 8-element sequence
used here, where each location appears with eqobébility and learning must rely on some kind
of higher-order knowledge. Nevertheless, as longhaklren with SLI had not been found to
exhibit learning of a deterministic sequence simitathat of TD children, this hypothesis could
not be totally rejected.

The results of Experiment 1 provided some evidahe¢ undermines the hypothesis of
Hedenius et al. (2011). These data suggest tlildtem with SLI can present a sequence learning
index on a non-linguistic deterministic SRT task,least when each sequence element in the
sequence is presented an equal number of timeikeuiml some previous studies. Therefore,
children with SLI demonstrate learning of sequenited relies on some kind of higher-order
knowledge about them (such as the ambiguous 8-elessgjuence used in this current study,

where each location appears with the same freqQeathyer than a simple learning of frequency
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information (such as the 10-element sequence usé&dth Tomblin et al.’s (2007) and Lum et
al.’s (2010, in press) studies, in which some el@seccur more often than others).

However, it is difficult to determine exactly whethdifferences in performance between our
study and those of Tomblin et al. and Lum et aluldde related to differences concerning the
difficulty of the sequence that subjects were regiiito learn. Indeed, we used an ambiguous
sequence (i.e., a sequence in which each posibafd de followed by two different possible
locations; Cohen, Ivry, & Keele, 1990), which isokyn to be more difficult to learn than a non-
ambiguous one like those used by Tomblin et al.land et al. On the other hand, these authors
used a longer sequence (10 elements) than the ens&d (8 elements), and the possibility that
the sequence length had an effect on performaneelasannot be rejected.

Second, we found this sequence learning effectppea when children with SLI saw the
sequence a greater number of times. Our resulgestughat children with SLI are able to learn
deterministic regularities but may require greagposure to do it in comparison to typically
developing children. Therefore, the learning aleditof children with SLI may be related to
frequency or degree of exposure. Other studies hgported that increased input brings children
with SLI closer to peers. Bavin, Wilson, Maruff aBtteman (2005) reported that during a paired
associates learning test, it took children with $hore attempts to learn a pattern-location
association than normal learners. Evans et al.qR8Bo showed that children with SLI were able
to track transitional probabilities in the speeohdition with increasing inpuEinally, Tomblin et
al. (2007) also found that adolescents with gramimaairments required significantly more trials
to learn sequential elements in their SRT task thair grammar-normal peers. Nevertheless, the
recent SRT study of Lum and Bleses (2012), whigoms comparable levels in Danish-speaking
children with or without SLI on the same proceduramory task used by Lum et al. (2010), is

not consistent with this interpretation. In thistext, it may be hypothesized that children with
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SLI responded more and more quickly not because lernt the sequence but because they
made more and more errors.

The findings of Experiment 1 are not sufficientctwallenge the PDH because, although the
learning indices computed on the RTs were simiahe two groups, children with SLI actually
made more errors than TD children. If the childmeith SLI presented similar speeds and
accuracies as TD children, then such results wpmdent a more convincing challenge to the
PDH.

In order to better understand the origins of thiatinee slowness and higher error rate of
children with SLI, we carried out a second experimghat aimed to investigate whether these
difficulties might be explained by motor (BishopEdmundson, 1987; Schwartz & Regan, 1996)
or cognitive weaknesses, such as the processingreéddgo match the location of the stimulus on
the screen to the corresponding key on the keyb@argamepad or button box). In order to avoid
a possible effect of a deficit of manual dexte(Byshop & Edmundson, 1987; Schwartz & Regan,
1996) and/or matching on SRT performance in childvéh SLI, in Experiment 2 we changed the
response mode, replacing the keyboard with a t@uebs. Contrary to Experiment 1, the results
of Experiment 2 showed not only significant leagheffects in children with SLI, but also RTs
and accuracies similar to those of their TD pe@tthough these results are not sufficient to
definitely confirm that children with SLI presentogedural learning abilities similar to those of
TD controls, these results present a more straigh#rd challenge to the PDH than those of the
first experiment. These results emphasize the itapoe of taking into account the specific
difficulties of the population that is being invigstted. Concerning children with SLI, our results
suggest that in order to study procedural learainifities, it is important (and sometimes critical)
to make sure that the response mode is adaptée wifficulties of these children. Indeed, when
the children with SLI responded using a touchsgrdesir speed and accuracy were similar to that

of TD children, which was not the case when a notaissical response mode such as a keyboard
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(in our Experiment 1) or a gamepad (Lum et al.,®QLm et al., in press) was used. These data
rule out the hypothesis according to which SLI hssfitom a generalized impairment in speed of
processing (Miller, Kail, Leonard, & Tomblin, 200%)nce the speed of children with SLI was
equivalent to that of their TD peers with an appiate response mode. Another explanation could
be related to the callosal transfer deficit thas leen reported in SLI (Fabbro et al., 2002;
Njipkikjien, 1983, 1990). Indeed, when children vBLI responded using a unimanual response
mode such as a touchscreen, their speed and agoueae similar to those of TD children (i.e.,
no difference was observed, even in Block 1), whies not the case when a bimanual response
mode such as a keyboard (see Experiment 1) was Asbomanual response mode may place
increased demands on the corpus callosum. Givenalhesal transfer deficit in SLI reported in
previous studies, this could explain why childreithvEL1 were slower and made more errors on
Experiment 1 than TD children. Nevertheless, tlsailte of Lum et al. (Lum et al., 2010; Lum et
al., in press) and Tomblin et al. (1997) using anamual response mode such as a gamepad or a
button box failed to show similarities in RTs ambe rates between the two groups.

The current study extends the literature on pro@dsequence learning in children with
SLI by suggesting that children with SLI may prasem particular difficulty in learning
procedurally novel associations within the visuaingin. These findings challenge the predictions
of the PDH (Ullman & Pierpont, 2005) by demonstrgtithat the previously slower sequential
learning rate in children with SLI could be pariyplained by methodological constraints such as
the response mode selected in deterministic SRKS tas the number of times that a target
sequence is encountered.

Finally, although the response mode seems to iexhla globally slower RTs observed in
children with SLI in previous deterministic SRT diees (Lum et al., 2010, in press; Tomblin et al.,
2007), other factors, such as diagnostic critec@)ld also figure in an explanation of the

discrepancy between our results and previous dnhesimpossible to be sure that children with

26



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

SLI present the same severity of language problaansss all SRT studies. For that matter,
Spaulding et al. (2006) demonstrated that evetudiss used the same cut-off criteria to define
language impairment, this approach would not guasequivalency with respect to diagnostic
accuracy because standardized tests differ aangsidge in specificity and sensitivity. Spaulding
et al. (2006) emphasized the fact that the seitgitand specificity required to identify language
impairments accurately were often not available. pkeposed by Lum and Bleses (2012),
differences in the language profile of the partéifs could also explain discrepancies observed
between the different deterministic SRT studiegiflet al., 2010, in press; Tomblin et al., 2007).
In conclusion, the pattern of results reported a®the potential to stimulate productive
debate about what procedural learning is and h@arntbe measured in a nuanced way. Although
this study fails to isolate which specific fact@ntribute to children with SLI either exhibiting or
not exhibiting difficulties in deterministic SRTdming, it leads to new perspectives for a better
understanding of the inconsistencies observedanipus studies (Lum et al., 2010, Lum et al., in
press; Tomblin et al., 2007). Thus, proceduralii®y studies carried out in children with SLI
reveal an uneven profile of procedural memory fiomgtwhich could be related to the difficulty
of assessing procedural learning. Children with irhetimes demonstrate preserved procedural
performance in visual sequential learning, at l@dstn certain methodological conditions have
been controlled for. Thus, this study presentsygwortant addition to the procedural learning
deficit literature by refining the PDH (Uliman & étpont, 2005): children with SLI may present
procedural deficits, but these may depend on theéhich their procedural learning abilities are
assessed. Therefore, the relevant question is Imether procedural learning is or not present in
SLI, but how and under what conditions. In facg tise of the term “procedural memory,”
suggesting a unitary entity, could itself be chadied. Procedural memory should perhaps not be
viewed as a single memory system, but rather a$ af $earning situations and tasks involving

different cognitive and sensory-motor processesliiMfham & Goedert, 2001). So, the idea of a

27



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

general procedural deficit has to be taken withioauEven within a single task, subtle
methodological differences might lead to differengethe processes involved (see for example
Haaland et al., 1997). Children with SLI who canieairn some sequential motor tasks could
show normal learning of other sequential motoriskiuture studies on procedural learning
involving non-linguistic artificial grammar learrgror statistical learning tasks will be necessary
to better understand the association between puoaléarning and the acquisition of certain
components of natural language.

In terms of clinical implication, this study shotmst it is relevant to include an adapted
response mode to specific difficulties of the pagioh that is being investigated. Indeed, when
the children with SLI had to respond by means wiiehscreen, they responded as quickly and as
accurately as their TD counterparts, while this waisthe case when the keyboard was used as
response mode. In addition, it is appropriate ke &ccount of the degree of exposure. Our data
have reported that increased input brings chilavith SLI closer to their peers (see also Bavin et
al., 2005; Evans et al., 2009; Tomblin et al., 200he present study contributes to the
discovering of the conditions facilitating sequemoelicit learning in children with SLI and

provides useful information for future developmeaiténtervention programs.

In summary, this study challenges the hypothésisgoor language abilities in SLI are
directly associated with poor procedural learnibjtées for non-verbal sequences. These results
present an interesting parallel with studies shgwmact procedural learning abilities in children
with other developmental disorders such as devedopah dyslexia (Kelly, Griffiths, & Frith,

2002; Roodenrys & Dunn, 2007; Russeler, Gerth, &Mu2006). The lack of support for the
procedural deficit hypothesis does not disprovEutther work should examine this issue in
greater detail to determine whether, and under whradlitions, sequence learning difficulties can

be observed in children with SLI and to establigirtrelation to the children’s language
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1 difficulties. Finally, this study emphasizes thepmntance of adapting the conditions for those
2 performing a non-linguistic task by decreasingadbgnitive load, to allow children with SLI to

3 make the best use of their intact learning abgitie
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Figure Caption
Figure 1: Mean of median reaction times (RTs) for each blockchildren with SLI (square) and

TD children (circle) during the classical SRT taBlocks 1-6: learning blocks; Block 7: transfer.
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Note Bars represent standard deviations of the mean.
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Figure Caption
Figure 2: Schematic of computer display for the Serial Reactime (SRT) task used in
Experiment 20n each trial, a sorcerer appeared at one of fossiple locations (one of the four
corner windows of the castle): Position 1 (uppéj,l@osition 2 (upper right), position 3 (lower

left) and position 4 (lower right).
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Figure 3: Mean of median reaction times (RTs) for each blockchildren with SLI (square) and

TD children (circle) during the adapted SRT taskcRs 1-6: learning blocks; Block 7: transfer.
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Table 1

Descriptive Statistics for the Different Measurebrnistered

Age Perceptual Verbal
(mo?nhs) Rlp o EVIP E.CO.S.SE ELO
Word Sentence
repetition production
SLI
Mean 123 92.26 68.8 -0.68 -1.49 -29.33 -3.28
SD 19 10.12 10.51 0.96 1.12 39.17 1.47
Range 93-147 81-111 51-84 (2)'?6 3(’)'_22?(’) 10'_07% ‘f’fg 4
TD
Mean 125 93.13 N/A 0.45 0.25 -0.25 N/A
SD 19 9.33 N/A 0.66 0.47 1.90 N/A
-0.46 — -0.25 — -5 -
Range 91-151 81-111 N/A 16 111 1.67 N/A

Note RI = Reasoning Index; N/A = not applicable.

EVIP, French version of the Peabody Picture Vocayulest (Dunn & Dunn, 1981), standard scores itid, SD=1;

Perceptual Reasoning Index = Block Design, Pic€oepletion, and Matrix Reasoning subtests of thesler Primary Scale of Intelligence —
Revised (Wechsler,™4Edition), standard scores wikt=100,SD=15;

ECOSSE, French adaptation of the Test for Recepfiddrammar (TROG: Bishop, 198%;scores withiM=0, SD=1 (minimum O and maximum
92);

ELO, Evaluation du language oralfKhomsi, 2001),Z-scores withM=0, SD=1 (sentence production: minimum O and maximum \&6rd
repetition: minimum 0 and maximum 32). This taskamees repetition performance for late-acquirechphtes, complex phonological patterns
and multisyllabic words (Khomsi, 2001). The veryopavord repetition performance observed in childvéth SLI is due to the lack of errors
expected in older children. Whereas older TD chitdpresent a ceiling effect on a phonological tafker children with SLI continue to produce
phonological mismatches. Therefore, the distantwdsn the both groups increases, explaining otiserisicredible-seeming statistical scores.
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