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Abstract

Purpose: This study assesses the hypothesis of a limitaticattentional allocation
capacity as underlying poor sentence comprehemsiomildren with SLI.

Method: Fifteen children with SLI, 15 age-matched contradéxd 15 grammar-
matched controls participated in the study. Siegtences were presented in isolation, and 60
sentences were presented with a concurrent che@etion time task in which coloured
stimuli randomly appeared at the centre of the adeipscreen.

Results:Sentence comprehension was affected by the dskaletandition to a greater
extent in children with SLI relative to age-congdbut not relative to grammatical-controls.

Conclusions:Our study does not support limitations in attemtiloallocation capacity
as representing a core deficit in SLI. Rather, data show that these children show
attentional allocation capacity comparable to tifatounger children having similar language
level, suggesting that SLI is characterized byaaveld development of both attentional and

language domains.



Children with SLI are considered to show importararphosyntactic deficits.
However, although grammatical production has beigiely investigated, sentence
comprehension in children with SLI has receivedyditifle research interest (Montgomery &
Evans, 2009). We know that many of these childrewsimportant comprehension deficits
(Bishop, Bright, James, Bishop, & van der Lely, @0Rorbury, Bishop, & Briscoe, 2002).
Some authors have proposed that a limitation ofalomeneral processing resources may
lead to the poor sentence comprehension perforrsanahildren with SLI (e.g. Evans &
MacWhinney, 1999; Montgomery, 1995, 2000a, 200Blowever, the relation between
limited processing resources and sentence comsigmeim children with SLI remains to be
explored directly.

Processing capacities can be viewed as the peateptaognitive processing abilities
limiting the amount of information that can be pesed during a given period of time;
resource generally refers to the cognitive abditigat are actually available (Snyder,
Dabasinskas, & O'Connor, 2002). Many authors preplat there is a limited amount of
cognitive resources that can be used to perforniipreiverbal or non-verbal tasks (e.g.
Baddeley, 2003; Barrouillet, Bernardin, & Camos)20Rohrer & Pashler, 2003). In this
view, the same pool of processing resources mushéeed between the processing and
maintenance processes of the various tasks thattbeye performed (e.g. Barrouillet et al.,
2004; Barrouillet, Bernardin, Portrat, VergauweC&mos, 2007). Performances will thus
depend on efficient resource allocation, i.e. theagnic sharing of the available resources
between the multiple processes of a complex agtiViis resource allocation capacity can
thus be considered as a part of a broader workemany construct that is often described as
a resource-sharing system between processing aintermance processes (Baddeley, 2003;
Barrouillet et al., 2004; Barrouillet et al. 20@¥pwan, 2010; Engle, 2002; Towse, Hitch, &

Hutton, 2002).



Probably the best-known theory investigating thpaot of processing capacity on
sentence comprehension is the capacity constrammgrehension theory (Just & Carpenter,
1992). This computational theory presents a mofle¢ntence processing in which storage
and processing are fuelled by the same pool ofatain. Each representational element
(e.g., a word) has an associated activation Iéwehis theoretical framework, many of the
processes underlying comprehension are assumedo io parallel: the processing of each
word as it occurs, their integration in a signifitaneaning, and the storage of the partial
products of the computations while continuing togass the incoming words. However, if
the amount of activation required to perform adl frocesses concurrently exceeds the
available resources, then the processing will slown and some partial results may be
forgotten. When the task demands actually excemdvhilable resources, a trade-off
between storage and computation occurs, and bottiduns are degraded. This model thus
predicts that the time course and content of laggymocessing will depend on the total
amount of available cognitive resources. Basedmtheoretical framework, many studies
have shown that sentence comprehension performanoegate with working memory
capacities (King & Just, 1991; MacDonald, Just &geater, 1992; Miyake, Just, &
Carpenter, 1994). However, this framework is limite the description of how the cognitive
resources are shared between the maintenance @rebping tasks inside the language
system. It does not describe how a limitation inegal attentional resources may interfere
with language processing.

A recent theoretical model, the Time-Based Rese8iwing (TBRS) model
(Barrouillet et al., 2004; Barrouillet et al., 20Qxovides a more specific account of
attentional resources and their sharing betweetegsing and maintenance processes. The
TBRS model proposes attentional focalization isunemgl for activating and maintaining an

element in working memory. As soon as attenticswigched away, activation of the



memory traces suffers from time-related decay. réfreshment of the traces necessitates
their retrieval from memory via attentional focalion. However, according to the authors,
the focus of attention can select only one eleroEkhowledge at a time. Consequently,
when the focus of attention is occupied by othecesses, it is not available for maintenance
processes, and any task that occupies the attahfmous will have a detrimental effect on
the maintenance of the memory traces by prevettieig refreshment. The sharing of
attentional resources is supposed to be achiewed rapid switching between maintenance
and other target processes. This theory furthetigiethat the detrimental impact of
concurrent processes is a direct function of teration: the more time-demanding the
concurrent process, the greater the decay of metramgs, and the greater the detrimental
impact of the concurrent process on maintenanaghémumore, in the TBRS framework, the
cognitive load of a process is measured by the tinseprocess captures the attentional
focus. The cognitive load of an activity thus degienn the number of cognitive processes it
involves and their respective duration times retato the total duration of the activity.

The TBRS model has been used to describe the mexas play while performing
complex tasks requiring to concurrently processstock multiple information, such as the
counting span task or the reading span task. How#waay also be applied to sentence
comprehension. Indeed, sentence comprehensioctoisiplex task that requires processing a
sequence of words, accessing lexical long-term ngmaaintaining and updating the
products of sentence analysis while temporarilyntaaning the partially interpreted
linguistic material so that the incoming words nieyintegrated with it (Gibson, 1998; Just
& Carpenter, 1992; Lewis & Vasishth, 2005; McElrEeraker, & Dyer, 2003). Multiple
processes are being carried out more or less sinedusly, and sentence processing may
thus be considered as a multiple-task activity maagithe simultaneous storage and

maintenance of verbal information. Following theR®framework, any concurrent task that



effectively occupies the attentional focus during sentence processing will hinder the
processing and/or maintenance of the sentence awenfs limiting sentence comprehension
performances. Consequently, the TBRS model helps usderstand how a possible
limitation in processing capacities may lead tormsentence comprehension in SLI. If
children with SLI suffer from limitations in procgag capacities, they should be less able to
efficiently allocate their attentional resourcegtte various processes involved in a sentence
comprehension task. This study will use the TBR$@hto assess the hypothesis following
which a restriction in attentional allocation caitias is at the root of poor sentence
comprehension performances in children with SLI.
Attentional Allocation Abilitiesin Children with SL1

Some recent studies have assessed the attentilmcatian abilities in children with
SLI. Most of these studies used the listening $pak. This task requires combining at least
three different tasks: the processing of the mepafrsentences, the maintenance of the final
word of each sentence and then the serial recall die final words of the different
sentences that have been processed. Children wlitto8sistently show poorer performances
than their age controls in listening span tasks (dainela-Arnold & Evans, 2005; Marton &
Schwartz, 2003; Montgomery & Evans, 2009; WeisrRéante, Jones, & Tomblin, 2005).
Children with SLI thus seem to be impaired in ttability to simultaneously process and
store multiple verbal information. However, othtirdses provide partial evidence for
problems in the allocation of attentional resourgss in the nonverbal domain. Archibald
and Gathercole (2007) observed more severely iegaierformance in children with SLI as
compared to age-matched peers on verbal memory thakwere combined with either
verbal or visuospatial secondary processing tas&Eman and Gillam (2004) observed poor
performance in children with SLI when recalling splainformation while simultaneously

performing a pointing (spatial) colour identificai task. These data are consistent with the



view that children with SLI show problems in flelelattentional allocation. Given the
multiple storage and processing demands assoaiatiedhe processing of sentences, it is
possible that the sentence comprehension probleenadd in children with SLI depends — at
least partially — on attentional allocation probterihe following section will describe
previous data that are consistent with this view.
Attentional Allocation Capacities and Sentence Comprehension in Children with SL1
Previous studies have shown a relationship betyweenperformance on sentence
comprehension and typical working memory tasksh siscnonword repetition and listening
span, in children with SLI. Nonword repetition Hasg been considered as a typical short-
term memory task (e.g., Baddeley, Gathercole, &aBap, 1998; Gathercole & Baddeley,
1990). However, it has also been recently constlasea complex task requiring to perform
multiple processes simultaneously: it requires saging the input signal, matching the
signal with phonological representations in longrtenemory, integrating the segmental and
suprasegmental information, maintaining them at¢idaand planning speech motor
programs (for a discussion on this topic see Mar2006). Ellis Weismer and Thordardottir
(2002) showed that performances on both nonworettitegn and listening span tasks
accounted for a significant portion of variancéanguage comprehension and production
scores in children with or without SLI. Montgomd®995) observed that children with SLI
were poor at repeating nonwords and at comprehgnhodnger sentences, and that these two
abilities were strongly correlated. Montgomery &kihdsor (2007) observed that nonword
repetition accounted for a significant proportidrite variance in offline language composite
score, including a sentence comprehension tashjildren with SLI but not in age-matched
children without language problem. Montgomery andrs (2009) showed that children with
SLI had lower scores than age-matched controlsl@tening span task, a nonword repetition

task, and a sentence comprehension task. Moreixeenonword repetition performances



correlated with simple sentence comprehension vihddistening span performances
correlated with the complex sentences comprehemsitihrese children. Finally, Montgomery,
Evans, and Gillam (2009) showed that complex sestenmprehension in SLI was
correlated to both sustained auditory attentioapbcities and attentional allocation capacity,
as assessed by word span under a dual load readlition (the children had to complete two
mental operations — semantic categorization arel@iacessing — while retaining the words
of the word span task).

At the same time, these findings are difficultriterpret since nonword repetition,
word recall and listening span tasks not only imealorking memory processes such as
processing and storage. These tasks also stroagbnd on linguistic knowledge. It is
therefore difficult to decide whether their poorfpemances are attributable to general
attentional allocation capacities, or language @ssmg difficulties. Nonword repetition tasks
are complex psycholinguistic tasks depending oitédxand phonological sublexical
knowledge (e.g. Coady & Aslin, 2004; Gathercole93;9Majerus & Van der Linden, 2003).

If a child shows problems in segmenting the phogickl input and matching this input to the
sublexical and lexical representations in the laggunetwork, difficulties in nonword
repetition will be very likely. Likewise, accurasemantic categorization and size processing
during a word recall task tap on developed lexacad semantic knowledge. Lastly, listening
span tasks (requiring to simultaneously processn@ning of sentences, maintaining the
final word of each sentence and then recallinditied words of each sentence after an
increasing number of successive sentences) alessitate access to lexical and syntactic
knowledge. Indeed, the effects of language knovdealglistening span tasks, as assessed by
the manipulation of lexical frequency of the wotdse stored, have been demonstrated in
children with SLI and in controls (Mainela-Arnol8@yans, & Coady, 2010). Moreover, word

recall performance in children with SLI is signéittly poorer than that of their age peers



when processing low frequency words, but not wheegssing high frequency words
(Mainela-Arnold & Evans, 2005). These data, anekofimdings in typical adult sentence
processing (e.g. Pearlmutter & MacDonald, 1995)gest that complex verbal tasks are in
fact tightly related to language knowledge (MacOdr& Christiansen, 2002). If children
experience problems in lexical and/or syntacticpssing, they will thus be impaired in both
sentence processing and listening span tasks.

We should note that most authors tried to contiotlie impact of linguistic
representations on working memory performance eample, Montgomery, Evans, and
Gillam (2009) only used highly familiar words ireihword recall task, minimizing the
likelihood that poor performance on the semanttegarization and size processing has to be
attributed to representational deficits. Ellis Wees and Thordardottir (2002) attempted to
control for the impact of lexical knowledge: thenmards they employed were of low
wordlikeness. Similarly, in their nonword repetititask, Montgomery and Evans (2009)
excluded real word syllables and used consonamtentypical positions in order to minimize
wordlikeness. However, using nonwords of low wdeelliess does not rule out the influence
of sublexical phonological knowledge on nonwordetén. For example, phonotactic
knowledge, i.e. sublexical knowledge about thedssgry of phoneme co-occurrences in a
given language, is known to influence nonword rigipetaccuracy (e.g. Majerus & Van der
Linden, 2003). Montgomery (1995) argued that sicta&ren with SLI were especially poor
at repeating 3-and 4-syllable nonwords as comptaredntrols, and since these differences
remained even after receptive lexical knowledge paatialled out, a specific deficit in STM
abilities is to explain their poorer performancestioe nonword repetition task. However,
long nonwords, as compared to short nonwords, migtrequire larger phonologicatorage
demands, but also larger phonologisalcessingdemands (Snowling, Chiat, & Hulme,

1991). Consequently, the assertion that the agsmtiaetween poor performance on these
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working memory tasks and sentence comprehensidumeigo limited working memory
capacities (and thus attentional allocation cajEs)iis uncertain since this association could
also be due to poor linguistic abilities underlysigninished performance in both working
memory and sentence processing tasks. Moreoveoy@ airect approach to study the impact
of attentional allocation capacities on sentencaprehension would be to directly induce an
experimentally controlled situation in which chidrhave to split up their attentional
resources between the sentence comprehensionn@sianterfering task. However, as far
as we know, no study has yet adopted such a dipgecbach on sentence comprehension in
children with SLI.

Some empirical data are consistent with the idaaatditional processing load
interferes with language comprehension in adulggl@lott & Bates, 2004; Blackwell &
Bates, 1995; Dick et al., 2001; Kilborn, 1991; Wield, Tun, Koh, & Rosen, 1999) and
children (Hayiou-Thomas, Bishop, & Plunkett, 200égch, Aydelott, Simons, Carnevale, &
Dick, 2007). For example, Aydelott and Bates (20@&ye shown that an increase in
attentional demand, as achieved via a time comipressanipulation, interferes with lexical
processing in a sentence context. Blackwell an@®8¢it995) produced agrammatic
performance profiles in healthy adults whose preicgscapacity was diminished via the
concurrent performance of a secondary task (dgitécognition task) during a grammatical
judgement task. Kilborn (1991) also demonstratdéectige impairment for grammatical
morphology under stress conditions in normal adtes/iou-Thomas and her colleagues
(2004) observed the same pattern of errors onrargedical judgement task in normal
children under stress condition (compressed spggoll) as in children with SLI.

Aim
This study aims at assessing the hypothesis afitation in attentional allocation

capacity on sentence comprehension performandaldren with SLI by inducing an
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experimentally controlled situation in which atiental resources have to be shared between
sentence processing and an interfering non-veas&l This will be achieved by using a dual
task paradigm, the primary task being the sentean®rehension task, and the secondary
task being a non-linguistic target detection taslcontrast to previous studies, a non-
linguistic secondary task was used in order to oulethe possibility that the cognitive load
induced by the dual task condition may be causeahbycrease in linguistic processing
demands. This study is the first to adopt this appin, by directly testing attentional resource
sharing between two tasks, the target task besentence comprehension task. If poor
attentional allocation capacity is a core defigithildren with SLI, limiting their grammatical
learning and performances, children with SLI shdadgdmpaired to a greater extent in the
dual task condition relative to a control group chad on grammatical abilities. On the
contrary, a comparable performance decrement uhdetual task condition in children with
SLI and their younger language controls would atésognitive abilities that maturate
slowly across domains.

As far as we know, no study has yet assessed thacinof an interfering secondary
non-verbal task on sentence comprehension perfa@saklVe thus adapted a non-linguistic
secondary task that has demonstrated an interfempgct on another sentence processing
task in adults: a sentence recall task (Jeffekias)bon Ralph, & Baddeley, 2004). This
attentional demanding interfering task consisted wisual display of four boxes aligned
horizontally; a star appeared randomly in one eflibxes, and the participant was required to
press the corresponding response key (out of @elwdifour keys) as fast as possible. The
task was self-paced, with the next trial being enésd immediately after a correct sentence
recall response. We further adapted this visuaiceh@action time task following the
recommendations by Rohrer and Pashler (2003)., Miessensured that stimulus-response

spatial compatibility was low, in order to ensunattthis task actively occupies the attentional
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resources during response selection. For exanmtbeitask proposed by Jefferies et al.
(2004), given the high stimulus-response spatiaifatibility, practice may lead to quasi
automatic response-selection processes, placingléevands on attentional resources during
response selection. In our adaptation of the t@skpresented stimuli of three different
colours randomly appearing at the centre of theestgrthe response selection had to be made
on the basis of their colour, by pressing one efttiree adjacent keys on the keyboard
carrying the same coloured dot as the target stisnoih the screen. Second, in order to
prevent self-paced allocation of attentional resesibetween the main and the secondary
tasks and to ensure that the task occupies the gapertional amount of attentional
resources in each child, the inter-stimulus intewes fixed and adapted to each participant’s
response speed.

Furthermore, we explored possible interactions betwthe increase of attentional
demands due to the interfering task and thosedaltleetmanipulation of linguistic parameters
such as lexical frequency and sentence lengthTBRS model defines the load of a
cognitive process as the time during which it cegguhe attentional resources, preventing
their usage in another processing or storage activinis model thus suggests that increasing
the number of concurrent processes, or their camrawill affect sentence comprehension
performances. When processing long sentences, wads are to be temporarily stored than
when processing short sentences. A greater nunilvesrds will thus have to be maintained
and refreshed, recruiting attentional resourceshigher extent. Furthermore, the impact of
the interfering task on performances in comprehsmtbng sentences is expected to be larger
than in comprehending short sentences. Indeedgerlame-related decay is supposed to be
observed for the multiple memory traces that haveet maintained in long sentences relative
to short sentences. Concerning lexical frequern®y,TIBRS model proposes that the slower

the process, the higher its cognitive load. Prevgtudies have shown that the processing of
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low-frequency words takes more time than the pingsof high-frequency words (Ferreira,
Henderson, Anes, Weeks, & McFarlane, 1996; HendegsBerreira, 1990). Hence, a larger
impact of the interfering task is expected on treepssing of sentences containing low- than
high- frequency words. Aydelott and Bates (2004)yte partial evidence for this
hypothesis: they demonstrated that increasingtteatsonal load of the task impairs word
processing (lexical selection and lexical integna}iin sentence context. Moreover, Majerus
and Lorent (2009) showed that slowed access to wmaa@hing (due to ambiguity) leads to a
delayed integration in sentence meaning, increagiog term memory storage demands.

In the present study, we compared the children &ithto children of the same age.
If children with SLI suffer from poor attentiondl@cation capacities, performance trade-off
should be larger in these children than in typicdkveloping children of the same age.
However, we know that children with SLI also showoper syntactic abilities than their age-
matched peers. Consequently, the complexity ofdha task may not be exactly the same in
children with SLI than in controls of the same @ge to differences in initial language
processing abilities. In order to control for tbenfounding factor, we also compared the
children with SLI to younger typically developinggrs matched on initial sentence
comprehension abilities. Two versions of our hypsets may be formulated: a strong and a
weak version. In the strong version, poor atterati@iiocation capacity is considered to be a
core deficit in children with SLI, limiting theirrgmmatical learning and performances. In
agreement with Bishop (1997), if children with Sire impaired to a greater extent in the
dual task condition relative to the grammatical egetrol group, then we cannot dismiss
difficulties in attentional allocation capacities secondary to language processing
difficulties, but rather as reflecting a core deefaf SLI. On the contrary, following the weak
version of our hypothesis, the attentional allaratapacity is not at the root of poor

sentence comprehension performances in childrén$tit but, like language processing
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difficulties, stems from more general processingthtions. Following the weak account, we
would expect comparable performance decrement uhdeatual task condition in children
with SLI and their younger language controls, aitbgsof cognitive abilities that maturate
slowly in all domains. In recent years, this dimenal view has been adopted by several
authors who have questioned the specificity ofiéinguage impairment in these children
given the robust finding that children identifieitlwSLI show deficits in a variety of
nonverbal cognitive and perceptual-motor tasksdbatot tap linguistic knowledge (e.g.,
Dollaghan, 2004; Leonard et al., 2007; Windsor bvéth, Carney, & Rakowski, 2001).
Methods

Participants

Fifteen French-speaking children with SLI aged &3oyears (12 boys; mean age =
11,3 yearsSD= 1;8), 15 typically developing children matched ¢bronological age and
nonverbal reasoning (6 boys; mean age = 11,3 y8&rs;1;8), and 15 younger typically
developing children matched for their sentence aehngnsion abilities (8 boys; mean age =
7;11 years SD= 1,7) participated in the study. The SLI group #&melage control (AC) group
were comparable in age(28) < 1,n.s, and non-verbal reasoning (WISC-1V, Wechsler,
2005),t (28) < 1,n.s.(see Table 1). They however differed in their pHogizal abilities
(t(28)=5.04, p<.001) as measured by the word repetiask of thd&valuation du Langage
Oral (Khomsi, 2001), lexical abilitied(@8)= 4.37, p<.001) as measured by the French
adaptation of the Peabody Picture Vocabulary Teshf, Thériault-Whalen, & Dunn, 1993),
receptive grammatical abilitie§28)= 7.56, p<.001) as measured by the French ati@ptof
the TROG (Lecocq, 1996) and productive grammasbdlties ¢(28)= 7.49, p<.001) as
measured by the sentence production task dEttaduation du Langage Or&Khomsi,
2001). The SLI group and the receptive grammarrobgtoup (GC) were matched for

sentence comprehension accuracy performance Bsirtgke task conditiort,(28) <1,n.s.
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They also performed at similar levels on measufesagptive grammat (28) = 1.74,
p=.09), and receptive vocabulaty(28) <1,n.s). However, children significantly differed in
their phonological abilities (28) = 4.53, p<.001) and productive grammar aédit (28) =
3.05, p<.01), the SLI group performing lower onsthéasks. Finally, the GC group showed
significantly lower phonologicalk (28) = 2.97, p<.01), lexicat (28) = 5.21, p<.001),
receptive grammaticat (28) = 5.64, p<.001), and productive grammatité28) = 4.81,
p<.001) abilities than the AC group.

Children from the control groups were recruitegehools in the neighbourhood of
the city of Liege (Belgium). Informed consent wédaoned from the parents of all
participating childrenAll children came from families with low or middigdass
socioeconomic background, as determined by theampst profession. The parents were
administered an anamnestic questionnaire, allowsp ensure that all children were French
native speaker, had no history of psychiatric arralgical disorders, and no
neurodevelopmental delay or sensory impairmentd@m with SLI were recruited from
specific language classes in special needs schiduty. were diagnosed as presenting with
SLI prior to the study by certified speech-langupgthologists. Moreover, we ensured by
using standard clinical tests that all of the al@tdwith SLI met the following criteria. (1)
They scored more than -1.25 SD below expected rtarenperformance in 2 language areas
(according to SLI criteria adopted by Leonard et2007). (2) The children demonstrated
normal-range nonverbal IQ80) (see Leonard, 2009) (WISC-IV; Wechsler, 20@)ntrol
children scored in the normal range on all languagts.

Materials and Procedure
Sentence compr ehension task.
One hundred and twenty sentences with relativeselawere created. In order to

minimize possible semantic factors impact on seax@@omprehension (van der Lely &



16

Dewart, 1986) only fully reversible sentences wesed, where semantic knowledge is not
sufficient to achieve a correct sentence interpitaTwo factors were manipulated:
sentence length, and lexical frequency of the cmestt words. Two levels were considered
for each factor, so that sentences were eithet shdéong, and contained words of either high
or low lexical frequency, yielding 4 sentence typHsirty sentences were created for each
sentence type (ségpendix) The sentences were recorded by a female speakarisolated
acoustic booth using a high-quality microphone emted to a Minidis® digital recorder.
Sentences were read at normal rate and prosodativar digitized at 44 kHz, and edited to
eliminate any noise at the beginning or the enthefsound file. The hundred and twenty
sentences were divided into two parallel sets aommiga 15 sentences of each sentence type.
Each set was presented to half of the participlanthe simple task condition and to the other
half of the participants for the double task coiodit Moreover, each set was divided in two
parts containing 7 or 8 sentences of each typederdo present only 30 sentences at a time
to the children, to avoid fatigue effects. Ordepodsentation of the different sets was
counterbalanced across participants. The croseffactiesign combining each level of task
condition (single vs. dual), lexical frequency (log. high), and sentence length (short vs.
long) yielded 8 task conditions.

Sentence length.

Short sentences contained 7 words and 9 syllalllesxample: La madame voit le
garcon qui glisse( The woman sees the boy who is glidind.ong sentences contained 15
words and 17 syllables; for exampl€€ soir la belle dame noire appelle la petite fdia lit
dans le pré.(‘ This evening, the beautiful black woman calls ittke Igirl who is reading in
the meadow). The added elements in long sentences were dathini.e. not necessary to
understand the sentence meaning. Added element¢sadgactives, adverbs, and time and

location complements. These added elements hael podcessed (and consequently
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consumed processing resource), but they couldelptrhaking a decision when matching the
sentence to one of the four presented picturesb@es), such that the picture choice had to
be based on the analysis of syntactic roles oféimeence arguments, not on semantic indices.

Lexical frequency.

The sentences were created by using words of ditgkror low lexical frequency,
based on the Novlex French Data Base (Lambert &@#te2001). Only the verbs and the
core of their arguments varied in lexical frequeray/these elements were the target words to
process in order to understand the sentence. Thediget words varying in frequency
encompassed thus the verb, the subject and thetabjghe main clause, as well as the verb
of the relative clause. Sentences with low lexicauency contained target words with low
lexical frequency (mean: 1681, range: 238 — 714Mnhert & Chesnet, 2001), such ks *
policier filme I'apache qui skie(* The policeman films the Apache who is skijpgvhile
sentences with high lexical frequency containegatwords with high lexical frequency
(mean: 58 562, range: 12 139 — 272 542; Lamberh&sGet, 2001), such dsa' madame voit
le garcon qui mangé(‘ The woman sees the boy who is eafing/e presented the images as
being part of a trip in an imaginary world: theldhvas informed that he would encounter the
inhabitants of this world and discover their owmieas habits which might differ from those
he is familiar with, in order to avoid rejection ggntences on the basis of potential
differences in perceived semantic plausibility.

Prior to the start of the experiment, the childseknowledge of the nouns used in the
sentences was assessed using a picture-pointingxagdren were presented a picture
including five or six toy figures, and were askegbint to a specific figure. The examiner
asked the childFind out which of these is the ¥or example, the policemar). The same
procedure was used to assess children’s knowleidipe oerbs used in the study. The

examiner asked the chilllind out which of these figures is ¥or example, is drinking).
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For the experimental task, the children were tbat they would have to help a detective to
find a thief in an imaginary land. The child wagltto listen carefully to the sentences he/she
would hear through headphones and that after eatkrsce, he/she would have to choose the
accurate picture among the four that would appedhe computer screen. The pictures
appeared immediately after the end of presentatidne stimulus sentence. The pictures
depicted the target situation conveyed by the sestand 3 foil situations corresponding to
the incorrect syntactic parsing of the senteneg, ¢onfounding the subject and the object of
the main clause, and ascribing the relative clémslee wrong antecedent. The children were
instructed to point to the correct picture. A totstneen recorded response accuracy and
latency. Four practice items were used to famdethe child with the task, and feedback was
provided during the practice trials but not durthg experimental trials. Across the practice
and experimental trials, the location of the taggeture appeared equally often at the top-left,
top-right, bottom-left and bottom-right of the sene Sentences were presented binaurally
through high-quality headphones at a comfortaksteriing level.

Serial-choice-reaction timetask.

The serial-CRT task was adapted from Rohrer antl®a&003). Participants were
asked to respond to red, green, or blue stimutloanly and continuously appearing for 200
ms at the centre of the computer screen by pressia@f the three adjacent keys on the
keyboard carrying the same coloured dot. In ordedjust the task to each participant's
response speed, the inter-stimuli interval (ISHedacross participant. During the first 3-min
practice period, the ISI was set to 1,800 ms fiopadticipants. Participants were asked to
respond as quickly but as accurately as possiblénd second 3-min practice period as well
as in the experimental trials, the I1SI was seheoad’ percentile of the participant’'s RTs

collected during the last minute of the first preetperiod. The task was presented as a game:
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the children were asked to catch a thief that ajgokia a large red, green, or blue square. To
catch the thief, the child had to press on thedaie corresponding colour.

Dual task.

Such as in Jefferies, Lambon Ralph and Baddele§4R@here was a period of 10s
before the sentence presentation, during whiclClR€ task was performed alone.
Participants were required to continue the CRT velsite they listened to the sentence. When
the sentence was finished, the task stopped amgicwires appeared on the screen amongst
which the children had to choose the one accuraighycting the sentence they just heard
(see Figure 1). Four practice trials for the daaktwere proposed in order to familiarize the
children with the task.

Working memory tasks.

A dual task paradigm by Baddeley and colleagueddBley, Della Sala, Papagno, &
Spinnler, 1997) was administered in order to pre\ad external measure of the children’s
ability to simultaneously process verbal and visnfdrmation. This task assesses the ability
to recall digit sequences while marking as manyelsas possible on a sheet. This task is
divided into three parts: participants first penh@d the verbal task in a single-task condition,
then the visual task in a single-task conditiord #nrd both tasks were performed as a dual-
task condition. More precisely, after a standagitdipan task, participants were presented
with lists of digits at their own span level anéyrad to recall the lists during a period of 2
min. The percentage of sequences correctly rep@aisccomputed. Next, using a pen, the
participants had to mark as rapidly as possiblea@ncof boxes. The total number of boxes
crossed within the time of 2 min was computedhindual-task condition, the participants
had to perform the two tasks simultaneously. Tlopprtional loss of performance under
dual-task conditions was derived by comparing ttogertion of lists recalled under the

single- and dual-task conditions, and by compaittiegoroportion of boxes crossed in dual-
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and single- task conditions. Finally, the backwatidgt span task from the WISC-IV
(Weschler, 2005) was administered in order to mlewn external measure of maintenance
and processing capacities in working memory.

Procedure.

The sentence comprehension task was presentedirstngne 1.0 Psychology
Software (Schneider, Eschmann, & Zuccolotto, 2002pur different sessions. During the
first and second sessions, children performeddblated sentence comprehension task
(divided into two homologous parts) as well aswloeking memory tasks. During the third
session, they completed two 3-min practice triath the serial-choice-reaction time task (on
the first practice trial, the I1SI was fixed at 1808; on the second practice trial, the ISI was
set to the 99 percentile of the participant’'s RTs). They alsmpteted the first part of the
dual task condition, beginning with 4 practicelsjauring the third session. During the
fourth session, they completed a 1-min practi@d with the serial-choice-reaction time task
(with the I1SI adapted to their RTs) and then penied the second part of the dual task
condition.

Results

Generally, the performances observed in the SLithedsC groups were rather
similar. These performances were globally lowenttiee performances observed in the AC
group, either in terms of response accuracy (T2pte in terms of response times (Table 3).
Analysis of Variance: the Sentence Comprehension Task

Both response accuracy and response times forot@mewers were subjected to
mixed ANOVA. For each analysis, the between-subjéattor was participant group
(children with SLI, age-controls, AC, or grammaticantrols, GC), the within-subjects
factors were lexical frequency (high or low), lemgshort or long), and task condition (single

or dual). We performed distinct mixed ANOVA on regge accuracy on the one hand and on
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response times on the other hand, but for the s&larity, we will regroup the results of

both analyses. After a precise look at each ppetitiresponse times, we observed that a child
in the SLI group was systematically slower than standard deviations of the mean of the
response times of its SLI peers. We thus decidexdtude this child from our analyses.

A first analysis of variance revealed a main effdcentence length on both accuracy
and response times. Children responded more aetpu(B(1,41)=82.09p<.001, partiah? =
.67), and more quicklyR(1,41)=31.16p<.001, partiah? = .44) to short than long sentences.
However, the group-by-length interaction effect wagificant neither for response accuracy
(F(2,41)=1.18p=.32., partiah? = .05), nor for response timdy(2,41)=2.02p=.15., partial
n? =.09). Likewise, the condition-by-length intetian effect was significant neither for
response accurack(1,41)<1,n.s, partialn? = .01), nor for response timds({,41)<1,n.s.,
partialn? = .00). Consequently, we decided to collapseltia across sentence length in
further analyses.

Once more, we performed distinct mixed ANOVA onpi@sse accuracy on the one
hand and on response times on the other handobtlte sake of clarity, we will regroup the
results of both analyses. Results revealed a nff@ot®f group on response accuracy
(F(2,41)=8.73p<.001, partialh? = .29). Newman-Keuls post-hoc analyses revedladoth
the SLI group and the GC group performed signifilyaworse than the AC group<.01 for
both groups). The SLI group did not differ from &€ group =.60). Response times for
correct responses did not significantly differ frome group to anotheF(2,41)=1.41p=.25,
partialn? = .06). A main effect of lexical frequency wasselved, for both response accuracy
and response times. Children responded more aetpu(B(1,41)= 8.90p<.01, partiah? =
.18), and more quicklyR(1,41)= 57.00p<.001, partiah? = .58) to sentences containing
high- than low-frequency vocabulary. The groupkical frequency interaction effect was

not significant for response accura€y4,41)<1,n.s, partialn? = .00), or for response times
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(F(2,41)=2.93p=.07, partian? = .12). The main effect of task condition was sighificant
for response accurack(l,41)=3.33p=.08, partialh? = .08), nor was the group-by-task
condition interaction effecH(2,41)=2.51p=.09, partialh? = .11). However, children
response times were slower under the dual taskittam@~(1,41)=14.54p<.001, partiah? =
.26). Moreover, the group-by-task condition effeets also significant on response times
(F(2,41)=4.39p<.05, partiam? = .18). Newman-Keuls post-hoc analyses reved&ladoth
the SLI group f<.01) and the GC group<.05) showed slower response times under the
dual-task condition than under the single-task @@mrd This was not the case for the AC
group 0=.99) (see Figure 2). A significant frequency-bgkt@ondition effect was observed
for response accurack((l,41)=6.63p<.05, partiam? = .14). Newman-Keuls post-hoc
analyses revealed that lexicality affected perfaorces only in the single-task condition
(p<.001; dual task conditiop=.50), performances being even better for low fezapy words
under dual- than single-task conditigx(01).
Analysisof Variance: The Serial-CRT Task

As described in the methods section, speed ofttargsentation was adjusted to each
participant’s response speed. An ANOVA was perfatme the adjusted speed of the target
presentation (corresponding to thé"3@rcentile of each participant’s response spafit),
participant group as the between-subjects factos dnalysis showed that the groups differed
in reaction times for accurate trials in the simpRT (F(2,41)=4.42p<.05, partiah?=.18):
children with SLI were significantly slower tharethage controlsp<.05), but not as
compared to their language contrgls.4). The two control groups did not significantly
differ from one anothempE.09). A final analysis explored response accu@actihe serial-
CRT task under single- or dual- task condition. De&ween-subjects factor was participant
group (children with SLI, age-controls or grammaticontrols), the within-subjects factor

was task condition (single or dual). The dual te&ct was significantR(1,41)=12.14,
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p<.01, partialh? = .23): performances on the serial-CRT were nagairate when the task
was performed in isolation than in dual-task canditHowever, neither the group effect
(F(2,41)=2.43p=.10, partiah? = .11), nor the group-by-task condition interacteffect were
significant £(2,41)<1,n.s, partialn? = .04).

Additional Resultsfrom Working Memory Measures

Dual-task paradigm.

For the dual-task paradigm developed by Baddeléycatieagues (1997), we
observed a main effect of group on initial digiaegerformance, as expected
(F(2,41)=51.53p<.001, partiah? = 0.72): digit span was significantly lower inildnen with
SLI (M=3.4,SD=0.5, range:3-4) than in AGA=6.4,SD=0.9, range:4-8) and GGAE6.1,
SD=1.0, range:4-8). The spans of the two control gsadid not significantly differ from one
another. In the single task condition, the groupsdt significantly differed in the proportion
of digit lists accurately repeated at their ownrsfevel F(2,41)=1.59p=.21, partiah? =
0.07), but they differed in the number of boxessssa F(2,41)=25.05p<.001, partiah? =
0.55): the AC groupM=127.33;SD=20.66) performed significantly better than the §tdup
(p<.001;M=91; SD=23.86) and the GC group<.001;M=66.0;SD=26.73), and the SLI
group performed significantly better than the GGuyr (0<.01). Finally, global dual-task
decrement as calculated by combining performanceedent in both tasks in the dual task
condition also did not differ between group$4,41)<1,n.s, partialn? = 0.01).

In order to further characterize the impact of eblagking on each task separately, we
performed mixed ANOVA on the proportion of sequenaecurately repeated under single
and dual task condition. The group effect was mpticant (F(2,41)<1,n.s, partialn? =
0.04), nor were the conditioR(1,41)=2.74p=.11, partialh? = 0.06), or the group-by-
condition effectsi(2,41)=2.24p=.12, partian? = 0.12). These results mirror the lack of

dual-task impact on response accuracy on the semtmmprehension task in the dual-task
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condition. At the same time, a mixed ANOVA perfodran the number of boxes crossed
(secondary task) revealed a main effect of gréifp,41)=21.76p<.001, partiah? = 0.51)
observed in the single task condition, the AC grpagorming better than the SLI group
(p<.001), which performed better than the GC grqupd5). We also observed a main effect
of dual-tasking, performance being lower underdbal than the single task condition
(F(1,41)=7.79p<.01, partiah? = 0.16); as for the other tasks, there was noifstggnt group-
by-condition effectf(2,41)=1.26p=.29, partiam? = 0.06). These results also mirror the
impact of the dual task condition we observed @nstiicondary, visual task in the sentence
comprehension dual task condition. Overall, we plesexactly the same pattern of results for
both dual tasks used in this study: the dual tasklition leads to decreased performance
especially in the secondary task. Moreover, we tisedame formula as above for computing
an estimate of overall dual-task performance deergnm the sentence comprehension task,
revealing again no group effe¢i(2,41)<1,n.s, partialn? = 0.05).

Rever se span task.

There was a main effect of group(2,41)=5.32p<.01, partiah? = 0.21):
performance was significantly lower in the SLI goaqiv1=2.8; SD= 0.8; range: 2-4) and in the
GC group M=2.9;SD= 0.7; range: 2-4) relative to the AC grow=<3.9; SD= 0.8; range: 3-
5). These results suggest that children with Sl tieir grammatical controls were also
matched on more general working memory abilities.

Discussion

Our study aimed at exploring the hypothesis ofatétion in attentional allocation
capacities as underlying difficulties in sentenomprehension in children with SLI. In order
to do so, we assessed the impact of a controltedtain demanding non-linguistic task on
sentence comprehension abilities in children with& compared to both chronological age-

matched controls and grammatical age-matched denkollowing the TBRS model, we
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expected to observe a resource-sharing trade-ahwloth tasks had to be performed
simultaneously. We had formulated two versionswftoypotheses: following the strong
version, children with SLI were expected to be imgrhto a greater extent in the dual task
condition relative to the grammatical age controlup, revealing poor attentional allocation
capacity as a core deficit in children with SLiniting their grammatical learning and
performances. Following the weak version of ourdilipsis, we expected comparable
performance decrement under the dual task conditichildren with SLI and their younger
language controls, showing that the attentionalkalion capacity is not at the root of poor
sentence comprehension performances in childrédn$tit but is proportionate to their
language level.

In accordance with previous studies (e.g. Bishagd.e2000; Montgomery & Evans,
2009; Norbury et al., 2002), we observed that candvith SLI performed more poorly on
sentence comprehension relative to age-matchecktiypdeveloping children. The SLI
children in the present study performed at the dawed as three years younger typically
developing children. These data confirm the sey@fisentence comprehension difficulties
in children with SLI. A resource-sharing trade-bétween our main and secondary tasks was
observed in the three groups: response accuradldanterfering task was lower under dual-
than single-task conditions. This result confirtmsttour main and secondary tasks share and
compete for a common pool of attentional resouraggredicted by the TBRS framework.
For the main task, a resource-sharing trade-offales observed for response times: both
children with SLI and their grammatical control®gted slowed response times under dual-
vs. single-load conditions. This was not the cagheir age-matched peers. Main effects of
sentence length and lexical frequency were obsesmagsponse accuracy and response times
in all groups: children responded more accuratetyraore quickly on short than long

sentences and on sentences containing high- asegpo low- lexical frequency vocabulary.
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At the same time, children with SLI were no morieeted than the control groups by
sentence length and low lexical frequency of theeseces to be processed, and this under
both single- or dual-task conditions.
Sentence Comprehension and Attentional Allocation Capacities

Our data confirm the existence of attentional resegharing between linguistic and
non linguistic tasks, as described by the TBRS ranheler dual task condition, performance
decrement was observed on response accuracy imténiering task in all children. This
demonstrates that part of attentional resourcesssacy to perform the interfering visual
serial CRT task had to be shared with the procgssithe sentences, and that children had to
efficiently allocate their attentional resourcesa®en both tasks. Moreover, performance
decrement was observed on response times in thetask in children with SLI and their
grammar-matched peers. Efficient sentence proag#isirs partially depends on the
availability of domain general attentional resostce

Our experimental task was well designed to asdesstimanal resource-sharing
between our main linguistic task and the secondanyverbal task. First, the interfering task
was derived from a similar task demonstrating aifigant impact on sentence repetition
performance in adults (Jefferies et al., 2004). &doer, we adapted this task in order to
maximize attentional demands during the resporisets@n process of the sentence
processing task, following the recommendationsairer & Pashler (2003). Second,
performance of the same children on another tgsé&cgsly designed by Baddeley and
colleagues (Baddeley et al., 1997) to assess dakiAg abilities, led to similar results as
those observed for our experiment task. The fadtttie same performance pattern was
observed on an additional dual task suggests jitatfour experimental task was well
designed to assess attentional allocation caps@ji¢hat irrespective of the type of dual

task, performance decrement was observed for tedening task but not the linguistic task
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in either group. Thus children appeared to dedittedi attentional resources preferentially
to the linguistic task. This may also be the reasby an impact of the dual condition on
sentence comprehension was nevertheless obsertehis of response times, in both
children with SLI and their grammatical controls.

Moreover, our data are also consistent with prexgiudies assessing attentional
allocation capacities using listening span tasks ¢bmpared children with SLI to children of
the same linguistic level. Actually, most of theyious studies compared performances in
children with SLI to performances in children oétkame chronological age, and observed a
larger impact of the secondary task on childrem\8it| performances (e.g. Isaki, Spaulding,
& Plante, 2008; Mainela-Arnold & Evans, 2005; Wegmt al., 2005). In our study, we also
found a larger impact of the secondary task ongperénces in children with SLI, as
compared to control children of the same age. @rigw studies have compared children
with SLI to children of the same linguistic levekfthese types of paradigms. These studies
also observed no differences between children $iithand children of the same linguistic
knowledge. For example, in a listening span tastntgomery (2000a) observed that
children with SLI performed worse than their agergebut at the same level as their
language-matched peers. In complex processingtarabe tasks, Archibald and Gathercole
(2007) observed comparable performances in childignSLI and their lexical controls
when performing a verbal storage task concurreitlly a visual or a verbal processing task.
Similar results were observed by Montgomery (20Q@h¢n comparing performances on a
verbal working memory task, under single- and doatt conditions. Finally, Montgomery
and Evans (2009) showed that children with SLIqrenked at the same level as their
language-matched peers on both a listening spkrataka sentence comprehension task.

An alternative explanation could be that the insesia response times observed under

the dual task condition in SLI and their grammatczmtrol peers is not due to dual load, but
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to the application of a rehearsal strategy jusbiteefesponse selection. The use of this
strategy was actually possible since there wasuabtdsk processing anymore at the
response stage. However, this possible intervetioahearsal is actually in line with the
idea that the secondary task interferes with seetpnocessing. Recent working memory
models explicitly consider that attentional res@srare needed to refresh memory traces
(e.g., Barrouillet et al., 2004, 2007; Cowan, 1990\\e accept that longer response times in
fact reflect verbal rehearsal, then we also havactept that this is so because rehearsal had
to been postponed until the end of the attentionateling interfering task. This necessity to
postpone rehearsal reflects an inability to reledtsing the sentence processing, due to the
cognitive load of the secondary task that capttiresttention and prevents the refreshment
of memory traces (Barrouillet et al., 2004). Consayly, the increase in response times in
children with SLI and their language-matched peleirsng the dual-task condition very likely
reflects the negative impact of the secondary teskentence processing performances.
Attentional Allocation Capacitiesin Children with SL1

No group effects were observed on the external tds&l paradigm proposed by
Baddeley. There are two possible reasons for #sslt. either children with SLI are as able
as their age peers to efficiently allocate thdiratonal resources when the verbal task is
adapted to their language level (as it is the gafiee dual task paradigm by Baddeley) or the
differences between children with SLI and theirtcols are to be observed in terms of
response times (not measured in this paradigmér#tilan response accuracy, as was the case
in our sentence comprehension dual task paradigmce&ning the sentence comprehension
task, results showed a larger impact of the interfetask on sentence comprehension
performance in children with SLI and their grammaatched controls as compared to their
age-matched controls. Sentence comprehension pemae in children with SLI and their

grammatical controls, relative to age controls, Wass impaired to a greater extent by the
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necessity to allocate attentional resources betwaétiple processing and storage processes.
At the same time, the difficulties to efficientlijarate attentional resources in children with
SLI are not disproportionate relative to their laage level.

Our data are consistent with the idea that childveeh SLI were matched to the
younger controls not only on language abilities,dlso on general attentional or processing
abilities. First, children with SLI and their yougrgpeers showed comparable performance
levels on the backwards digit span task. Secomdetigroups showed comparable reaction
times in the CRT task (single task condition). Nuoue studies have revealed limited
processing capacities in children with SLI, andéhproposed that this deficit could be at the
root of their language problem (e.g. Evans & Machviely, 1999; Leonard et al., 2007,
Montgomery, 1995, 2000a, 2000b). The fact thatdcait with SLI show response times that
are slower than expected given their chronologigal is in line with a general processing
speed limitation in children with SLI, as obsenwegrevious studies (Kail, 1994; Leonard et
al., 2007; Miller et al., 2006; Windsor & Hwang,2%. However, this limited speed of
processing is not disproportionate to their receptanguage level since it did not differ from
the speed of processing observed in younger chilar@&ched on receptive grammatical
abilities. More generally, our study shows thatdrgn with SLI experience problems in
general attentional (or processing) capacitiesdhanot disproportionate relative to their
receptive language level. Our results are thusmewith our weak hypothesis proposing that
attentional allocation capacity interacts with sece comprehension performance to the
same extent in children with SLI and their youngeers matched on language knowledge.
Our results are thus more consistent with a dinoes$iview of SLI as proposed in previous
studies (e.qg., Dollaghan, 2004; Leonard et al.720Mainela-Arnolds & Evans, 2005).
However, we must acknowledge that the children Bithand their language controls were

not matched on all language level measures (bgy,were not matched on expressive
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abilities). Consequently we cannot exclude thad, they been matched on another language
level measure, different results would have beesenied.
Attentional Allocation Capacities and Linguistic Factors

Following the TBRS model, we expected a larger ichph the visual interfering task
on long than short sentences. Indeed, in this fwasrle verbal storage requires attentional
focalization, and as soon as attention is switcheay from the memory traces, their
activation suffers from a time-related decay. Simmege words had to be stored in long than
short sentences, the impact of the interfering tastheir storage was expected to be larger in
long than short sentences. However, no larger itngfabe interfering task on long than short
sentences was observed. An alternative explangtithrat our interfering visual processing
task does not actually affect the temporstorageof the verbal information during the
sentence comprehension. Indeed, other theoretiodéls of working memory such as the
Baddeley and Hitch model (1974; Baddeley, 2000ass#p the resources devoted to the
processing and the storage of verbal informatiamceSour manipulation of sentence length
was achieved by increasing redundancy only (witlatteting the core structure of the
sentence), it is likely that it mainly increased #torage, but less central sentence processing
demands. Theoretical models separating cognitseurees devoted to processing and
storage of verbal information thus do not necelsaxipect a larger impact of a secondary
attentional processing task (carried out by theesupory attentional system within the
Baddeley and Hitch model) on long than short ser@enAt the same time, we should note
that the working memory model as described by Blagde not sufficiently detailed with
regard to the processes at play during sentenoegsmg, nor does it give very specific
predictions concerning the possible interactiortevben attentional processes and storage
processes, as compared to the TBRS model. Andyitawen be the case that the added

redundant information in long sentences did nal keaa significantly larger load on semantic
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temporary storage processes than in short sentemzesit did not increase the number of
semantic chunks that were necessary to maintahort-term memory. At the same time,
these data also indirectly show that a linguiséfiait is not the only possible explanation of
our results either: if a core linguistic deficit svip explain our results, than sentences
containing a larger amount of linguistic informatj@s was the case for the longer sentences,
should have been particularly difficult to procémsSLI children. This was obviously not the
case.

The TBRS model also proposes that the cognitivel lolaa process (and thus its
vulnerability to interference) directly dependsitsduration. Since the activation process is
slower for low- than high-frequency words, a largepact of the interfering task was
expected on the processing of sentences contaiowg than high- frequency words.
However, this is not what we observed. We in faosavved better performance when
processing sentences with low frequency words uthdedual-task condition as compared to
the single task condition. Our procedure may paxiglain these results: children performed
the dual task condition after the single task coonli Consequently, the familiarity of the
initially less frequent vocabulary may have incexhgetween the single task and the dual
task conditions.

The present study aimed at assessing the impatteoitional allocation capacities on
sentence comprehension by using a non linguisteefaring task. Our results confirm that
children with SLI have lower attentional allocatiompacities than expected relative to their
chronological age, and that this affects their esece processing capacities. However, our
data also show that this deficit is not dispropmoréte relative to their receptive language
level: they are consistent with a dimensional va&&LI in which the observed impact is
comparable to what is observed in younger childfethe same receptive grammatical

abilities.
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Tablel
Descriptive Summary Data for Children with Spedifamguage Impairment (SLI),

Grammatical-Age Control Children (GC) and Chronalmj-Age Control Children (AC)

ELO
Age PIQ EVIP E.CO.S.SE Word Sentence
(months) repetition production
SLI
Mean 135.87 98.40 95.67 77.47 22.53 13.27
SD 20.88 9.09 18.27 4.73 7.21 4.46
Range 96-167 86-119 55-124 68-84 3-30 4-20
GC
Mean 95.67 - 93.27 80.4 31.07 17.73
SD 19.90 - 13.88 4.50 1.09 3.51
Range  61-133 - 66-119 70-86 28-32 11-22
AC
Mean 135.47 99.07 126.87 87.80 31.93 22.8
SD 20.88 6.54 20.77 8.37 0.26 2.08
Range 95-168 90-111 85-154 84-91 31-32 17-25

Note. PIQ, Performance 1Q: Perceptual Reasoning Indeth@fWISC-IV (not measured in GC children);
EVIP, French version of Peabody Picture Vocabulast; E.CO.S.SE, French version of Test for theeRion

of Grammar; ELO, Evaluation du Langage Oral Test.
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Table2
Means (and Standard Deviations) for Response Acguia Each Experimental Condition,
as a Function of Participant Group for Children wiSpecific Language Impairment (SLI),

Grammatical Controls (GC) and Age Controls (AC)

Single Task Dual Task
Short Long Short Long
HF LF HF LF HF LF HF LF
SL| 11.2 10.2 9.47 8 11.27 11.2 9.33 9.47
(2.21) (2.65)  (2.47) (3.4) (2.63) (2.46) (2.87) (2.42)
GC 12.07 10 9.13 8.47 12.27 11.87 9.33 9
(2.31) (2.83) (2.17) (2.72)  (2.94) (2.85) (2.89) (2.75)
14.27 13.47 1213 11.67 13.6 13.53 12.33 11.2

AC 0.79)  (1.25)  (1.46) (2.26) (0.74)  (159)  (2.38)  (2.31)

Note. HF,Sentences containing words of high lexical freqyend-, Sentences containing words of low
lexical frequencyShort Short sentencekpng, Long sentences. The maximum possible score is 15.
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Table3
Means (and Standard Deviations) for Response Tiardsach Experimental Condition, as a
Function of Participant Group for Children with Splc Language Impairment (SLI),

Grammatical Controls (GC) and Age Controls (AC)

Single Task Dual Task
Short Long Short Long
HF LF HF LF HF LF HF LF
SL| 5361 6169 5835 7332 7144 7664 8208 9012
(1591) (2060)  (1886) (4948) (2495) (2336)  (4441)  (3778)
GC 5758 6612 6494 7619 6879 8088 7944 8147
(1981) (1903)  (1940) (2436) (2481) (3187)  (2837)  (3158)
AC 5098 6297 6045 7669 5118 6265 6452 7333

(1001)  (1630) (1327)  (2371)  (1324) (1816)  (2447)  (1857)

Note. HF,Sentences containing words of high lexical freqyend-, Sentences containing words of low
lexical frequencyShort Short sentencekpng, Long sentences.
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Figure Captions
Figure 1 lllustration of the Sequence of Events in the IDtask Condition
Figure 2 Response Times in Sentence Comprehension for Gemkp (AC, Age Controls;
GC, Grammatical Controls; SLI, Children with Sperlfanguage Impairment) as a Function

of Task Condition (Single vs. Dual)
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Serial choice reaction time task

\\\ ‘The girl calls the woman
who is going up.
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Appendix
Length f Lexical Example
requency
Sholré)fiiglt?rneceuse\:]v::th hlghShort High La fille appelle la madame qui monte.
q y 9 [The girl calls the woman who is going up.]
vocabulary
Sholretx?;rlllt?rrelcise\r:v(lth low Short Low L’archer ligote le cow-boy qui skie.
g y [The archer ties up the cow-boy who is skiing.]
vocabulary
Lona sentences with hiah Ce matin, dans la cour, la grande fille jaune
Igexical frequenc 9 Lon High regarde ’hnomme rouge qui balaie.
vocabucllar y g g [This morning, in the yard, the tall yellow girlese
y the man who is sweeping up.]
Lona sentences with low Ce matin, dans le grand jardin, I'archer coiffe
Igexical frequenc Lon Low I'apache qui skie trés vite.
g y g [This morning, in the big garden, the archer combs
vocabulary

the hair of the Apache who is skiing very fast.]




