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ABSTRACT
Many studies have recently explored the cognitive profile of velocardiofacial syndrome (VCFS), a neurodevelopmental disorder linked to a 22q11.2 deletion. However, verbal short-term memory (STM) has not yet been systematically investigated. We explored verbal STM abilities in a group of 11 children and adults presenting with VCFS and two control groups, matched on either chronological age or vocabulary knowledge, by distinguishing STM for serial order and item information. The VCFS group showed impaired performance on the serial order STM tasks, relative to both control groups. Relative to the vocabulary matched control group, item STM was preserved. The implication of serial order STM deficits on other aspects of cognitive development in VCFS (e.g., language development, numerical cognition) is discussed.
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INTRODUCTION
Velocardiofacial syndrome is a relatively frequent congenital, autosomal dominant condition defined for the first time by Shprintzen et al. (1978). Its prevalence is estimated at 1 per 4,000–4,500 live births (Tezenas, Mendizabai, Ayme, Levy & Philip, 1996). In 90% of patients, a de novo, variably sized deletion at chromosome 22q11.2 is responsible for the syndrome (Carlson et al., 1997; Driscoll et al., 1993; Lindsay et al., 1995; Scambler et al., 1992). The major features of velocardiofacial syndrome include cardiac malformations, cleft palate or velopharyngeal insufficiency, a characteristic facial appearance, and learning disabilities. More than 40 physical anomalies have been observed in association with velocardiofacial syndrome (Goldberg, Motzkin, Marion, Scambler, & Shprintzen, 1993; Ryan et al., 1997). Velocardiofacial syndrome is also associated with a high prevalence of psychiatric disorders, including schizophrenia in adolescence and adulthood (e.g., Murphy, 2005). 

Despite the high prevalence of VCFS, there have been very few studies reporting cognitive profiles of children with VCFS until recently. Indeed, many children with VCFS generally died at a very young age due to cardiac malformations, and only recent advances in peri-natal surgical heart interventions have permitted better survival rates. There is now an increasing interest in the exploration of cognitive profiles associated with a 22q11.2 microdeletion. Interestingly, the associated cognitive profile appears uneven, with verbal abilities being often less impaired than visuo-spatial abilities. Children and adults with VCFS frequently present higher verbal than performance scores on standard intelligence tests (Goldberg et al., 1993; Golding-Kushner, Weller, & Sprintzen, 1985; Moss et al., 1999; Scherer, D’Antonio, & Kalbfleisch, 1999; Scherer, D’Antonio, & Rodgers, 2001; Swillen et al., 1997). Academic achievement is often poorer for mathematical abilities than verbal abilities (reading, spelling) (Kok and Solman, 1995; Moss et al., 1999; Swillen, Vogels, Devriendt, & Fryns, 2000; Wang, Woodin, Kreps-Falk, & Moss, 2000). A number of studies that used more specific neuropsychological assessments seem to confirm this finding: children with VCFS present lower scores on visuo-spatial episodic memory tasks than on verbal episodic memory tasks, and adults with VCFS show deficits in perception and planning of visuo-spatial information (Bearden et al., 2001; Henry et al., 2002).

Regarding language skills more specifically, a number of  aspects seem to be relatively well developed, as evidenced by performances close to or in the normal range for sentence repetition, reading and meta-phonological awareness (De Smedt, Swillen, Ghesquière, Devriendt, & Fryns, 2003; Glaser et al., 2002), and this despite significant delays and abnormalities during early speech-language development (Gerdes et al., 1999). Indeed, first word production is often not observed until 30 months of age (Murphy, 2004; Scherer et al., 1999, 2001) and specific language impairment persists despite intervention (Solot et al., 2001). Difficulties in use of vocabulary, syntax and expressive speech (articulation) are among the most persistent problems. Vocabulary in older children (11-18 years) is often poor, and mostly limited to concrete words that have a very low age of acquisition in typically developing children (Golding-Kushner et al., 1985). In general, lexical, semantic and conceptual aspects appear to be less well developed, with impairments observed for semantic relationship judgment, semantic categorisation and reading comprehension, although studies are not entirely consistent on this subject (Glaser et al., 2002; Moss et al., 1999; Swillen et al., 1997; Wang et al., 2000). In sum, although verbal abilities seem better preserved than visuo-spatial abilities, language development is not normal: it is characterized by a relatively late onset, with persisting difficulties at the level of lexico-semantic aspects of language processing.

One of the aspects that might be related to this protracted lexical development is verbal short-term memory (STM) capacity. In typically developing children, a substantial body of research has indeed shown that verbal STM capacity predicts the development of many verbal abilities requiring processing of lexical information, such as productive and receptive vocabulary knowledge, speed of acquisition of new lexical information, regular word reading and sentence production (e.g., Adams & Gathercole, 2000; Avons, Wragg, Cupples, & Lovegrove, 1998; Gathercole & Baddeley, 1993; Gathercole, Willis, Emslie, & Baddeley, 1992; Michas & Henry, 1994; Service, 1992). Children presenting specific language impairments also generally have very poor verbal STM capacities (Gathercole & Baddeley, 1990). 
Surprisingly, in the studies having explored language development in VCFS, verbal STM has never been specifically explored. One of the rare studies that has investigated verbal STM in VCFS children (aged 5 to 12 years) observed performance in the normal range (Wang et al., 2000), although mean  performance levels were lower than average performance levels for typically developing children. However, this study used only one measure of verbal STM, the number recall subtest of the Kaufman Assessment Battery for Children, which is very similar to classical digit span tasks. Digit span is not a very sensitive measure, given that its quickly reached stop criterion entails the presentation of a very limited number of trials, and thus might hide more subtle limitations in verbal STM capacity. In a recent study, Majerus, Glaser, Van der Linden and Eliez (2006) performed a more comprehensive assessment of verbal STM functioning in 8 children with VCFS, by investigating immediate serial recall performance for word and nonword lists. They observed that performance was in the normal range when scoring items recalled independently of serial position. However, when confining the scoring to number of items recalled in correct serial position, most of the children were impaired relative to a chronological age matched control group. This study suggests that children with VCFS might have a subtle deficit for storing serial order information in verbal STM, while recall of item information might be preserved. However, this study did not include a mental age matched control group, and hence we must remain cautious about the specificity of this impairment. Furthermore, the investigation of the item/order distinction was not very detailed, given that it was not the specific focus of that study. 

At a theoretical level, the distinction of STM for serial order (i.e., the sequential order in which the items are presented) and item information (i.e., the phonological and semantic characteristics of the items) is currently a core issue of many recent experimental and theoretical works on verbal STM. Many connectionist models of verbal STM suggest that item and serial order information are stored in separate although closely connected systems (e.g., Brown, Preece, & Hulme, 2000; Burgess & Hitch, 1999; Gupta & MacWhinney 1997; Gupta, 2003; Henson, 1998). These models all contain some form of external signaling mechanism ensuring the encoding of serial order information, while the items on which this timing mechanism operates are represented in a separate, and often linguistic code. For example, in the model proposed by Burgess and Hitch (1999), serial order information is encoded via a system of context nodes and the fast-changing connection weights between these context nodes and item nodes in the lexical language network. The differential patterns of activation in the context node system, changing for each item as a function of its moment of presentation, permit to store and recover serial order information. A different set of fast-changing connection weights between the lexical item nodes and input and output phoneme nodes temporarily encode the lexical and phonological characteristics of item information. A number of recent experimental and neuropsychological data in normal adults also suggest that item and order information might reflect distinct cognitive processes. For example, Henson, Hartley, Burgess, Hitch and Flude (2003) showed that short-term recognition of item and order information in adults are differentially influenced by interfering variables such as articulatory suppression and irrelevant speech presented during the presentation of the memory lists. Furthermore, Poirier and Saint-Aubin (1996) observed that language knowledge mainly supports recall of item but not order information. For example, Poirier and Saint-Aubin showed that the number of item errors (i.e. omissions) in an immediate serial recall task decreased for lists composed of words of high lexical frequency, relative to lists of low frequency words; no difference was observed in the proportion of order errors for recall of both list conditions (see also Brock, McCormack & Boucher, 2005, for a similar exploration in children with Williams syndrome). Lastly, developmental trajectories for STM capacities for item and serial order information differ: while serial order STM capacities gradually increase between ages 4 and 6, item STM capacities are equivalent between ages 4 and 5, and then sharply increase between age 5 and 6 (Majerus, Poncelet, Greffe, & Van der Linden, 2005; see also McCormack, Brown, Vousden & Henson, 2000). 

Most importantly, Majerus, Poncelet et al. (2005) and Majerus, Poncelet, Elsen and Van der Linden (2006) suggested that serial order STM, relative to item STM, is particularly determinant for learning new word forms. They observed that serial order STM, but not item STM, were the most consistent predictors of vocabulary development (in children) and of new word form learning (in adults). Recent theoretical models of verbal STM also consider that it is serial order STM capacity that is intimately related to the capacity to acquire new phonological sequences and to store them as new word forms (e.g., Gupta,  003). Given the abnormal vocabulary development in VCFS, the need for a detailed exploration of serial order STM capacities in VCFS is particularly important.
In the light of these empirical and theoretical findings, the aim of the present study was to carry out a detailed investigation of STM for item and serial order information in 11 children and adults with VCFS, by using verbal STM tasks specifically designed to maximize short-term retention capacities for either serial order information or item information. These tasks were adapted versions of the tasks validated and described in Majerus, Poncelet, et al. (2005), Majerus, Poncelet et al. (2006) and Henson et al. (2003). Two tasks explored STM for serial order information: a serial order reconstruction task, requiring overt output of stored serial order information, and a serial order recognition task, requiring recognition of serial order changes between a target and a recognition sequence. STM for phonological item information was also measured by two tasks: an item delayed repetition task, requiring recall of a single pseudo-word after a filled delay, and an item recognition task, requiring the recognition of phonological item information independently of serial order information. The VCFS group’s performance was compared to a chronological age matched control group as well as to a control group of younger typically developing children matched on vocabulary knowledge. If serial order STM is really specifically impaired in VCFS, then children and adults with VCFS should present difficulties at the level of serial order STM tasks even when comparing their performance to a control group matched on receptive vocabulary knowledge.
METHODS
VCFS participants
Eleven French-speaking participants with VCFS participated in this study (mean age: 15 years 10 months; range: 7 years 1 month - 31 years; 5 female).  Community based VCFS participants were recruited from the Swiss and French VCFS Associations. Participants with severe physical or psychiatric disability were excluded. Diagnosis was confirmed by verifying the presence of microdeletions at chromosome 22q. Two-colour fluorescent in situ hybridisation (FISH) was used, with cosmid probes specific for the proximal and distal 22q regions respectively. Full-scale IQs ranged between 44 and 82, with a similar distribution for verbal and performance IQs (VIQ range: 46-94; PIQ range: 48-85) (details are presented in Table 1). Written and informed consent was obtained under protocols approved by the Institutional Review Board of the Geneva University School of Medicine. 

< INSERT TABLE 1 ABOUT HERE >
Control participants
A first control group was comprised of 14 typically developing children and adults (7 female) matched on chronological age (CA) with the VCFS group (mean age: 16 years; range: 7 years 1 month – 31 years; t(23) < 1, n.s.) and without any neurological, psychiatric or learning problems. As expected, full scale IQ was higher than in the VCFS group and ranged between 92 and 125 (VIQ: 89-129: PIQ: 93-122); both groups also differed for vocabulary knowledge (EVIP vocabulary scales; t(23)= -3.68, p<.001) (see Tables 2 and 3). A second control group included 14 typically developing children (8 female) matched on verbal mental age (VA)
 with the VCFS, on the basis of receptive vocabulary scores measured by the EVIP vocabulary scales (the French adaptation of the Peabody Picture Vocabulary Test; Dunn, Thériault-Whalen, & Dunn, 1993) (see Table 2 for details). This VA matched control group had a mean age of 9 years 6 months (range 7 years 1 month – 12 years 9 months), was significantly younger than the VCFS group (t(23)=3.02, p<.01) and had a mean raw score of 112 on the EVIP measure (VCFS group: 107; t(23) < 1, n.s.).
< INSERT TABLE 2 ABOUT HERE >

Experimental tasks

Serial order reconstruction task. This task consisted in the auditory presentation of lists of increasing length containing highly familiar items (digits in this case). The participants had to reconstruct the order of presentation of the items within the list by using cards on which the digits had been printed. The lists, containing 3 to 9 digits, were sampled from the digits 1-9. For list length 3, only the digits 1, 2 and 3 were used. For list length 4, only the digits 1, 2, 3 and 4 were used, and so on for other list lengths. This procedure ensured that item knowledge was known in advance, and that the participants only had to remember the position in which each item occurred. As before, the lists had been recorded by a female voice and stored on computer disk, with a 500-ms inter-stimulus interval between each item in the list (mean item duration: 540 (+139) ms). 

The sequences were presented auditorily, using the same apparatus as in the previous task. They were presented with increasing length, with six trials for each sequence length. At the end of each trial, the participants were given cards (size: 5x5 cm) on which the digits presented during the trial were printed in black font. The number of cards corresponded to the number of digits presented and were presented in numerical order to the participants. The participants were requested to put the cards in the order of presentation. When they had finished, the cards were removed and the next list was presented. We determined the proportion of positions correctly reconstructed for both entirely and partially correct trials (for example, if the target sequence was 1 5 3 2 4, and the participant had reconstructed the cards in the order 1 5 2 3 4, he was credited 3 positions correctly reconstructed for that trial).

We should note that this task, although being very similar to classical digit span, is much more sensitive given that there is no stop criterion and that it contains a much larger number of trials per sequence length. 

Serial order recognition task. This task also consisted in the presentation of a list of words (containing 3 to 9 words), followed by the presentation of the same word list. The participants had to judge whether the order of the words within the two lists was the same. In order to decrease reliance on item STM, the items were chosen to be highly familiar and were repeatedly sampled from a highly restricted pool of 9 bi-syllabic high-frequency concrete words (according to the Brulex lexical database; Content, Mousty & Radeau, 1990): “maison” (house), “soleil” (sun), “livre” (book), “genou” (knee), “journal” (newspaper), “monde” (world), “oiseau” (bird), “jardin” (garden), “voiture” (car). The different lists had been recorded by a female human voice and stored on computer disk. Mean stimulus duration for the different words was 677 (+116) ms. Within each list, the words were separated by a 500-ms inter-stimulus interval. List presentation began with the shortest list length. There were 6 trials for each list length.
The different lists were presented auditorily, via high quality loudspeakers connected to a PC that controlled stimulus presentation by running E-Prime software (version 1.0, Psychology Software Tools). The participants were told that they would hear two lists containing exactly the same words, but that sometimes the position of two adjacent items would be exchanged in the second list compared to the first list. The end of the first list was signalled by the presentation of a brief tone (sinusoidal pure tone; 500 ms). This was then followed by the recognition trial. The recognition trial consisted of the presentation of a sequence containing exactly the same words as the target sequence, but the serial position of two adjacent words within the list was exchanged in two-third of trials, with serial position exchanges occurring once in the primacy portion (first two positions), twice in the middle of the list (only for lists larger than 3 items), and once in the recency portion (last two positions)
. At the end of the recognition sequence, the participant had to judge whether the serial position of all words in the recognition sequence matched those of words of the target sequence, by pressing a green–coloured response button (for yes) or a red-coloured response button (for no). After the participant’s response, the words “new trial” appeared on the screen for 2500 ms, then the screen went white and the next list was presented. We computed the proportion of correct recognitions over the 42 trials.

Item delayed repetition. This task measured item recall capacity by minimizing serial order recall as much as possible, given that a single nonword had to be stored and recalled after a filled delay. Thirty-four monosyllabic nonwords, with a CVC syllabic structure were constructed. The diphone frequencies of the CV segments (mean: 149; range: 3-524) and VC segments (mean: 129; range: 7-728) were chosen to be low, relative to the phonological structure of French, according to the database of French phonology by Tubach and Boë (1990). The nonwords had been recorded by a female human voice and stored on computer disk. The stimuli had a mean duration of 738 (+95) ms. 

As before, the stimuli were presented via high quality loudspeakers connected to a PC. Each trial included the presentation of one nonword and a filled 5-second delay during which the participants had to continuously repeat the syllable “bla” in order to avoid rehearsal of the nonword. After the delay, the experimenter tapped sharply on the desk and the participant was asked to recall the nonword. The patients’ responses were recorded on tape for later scoring by two independent examiners. We determined the proportion of correctly repeated items (over a total of 30 items; the first four items were practice items and not considered for analysis).
Item recognition task. This task measured the capacity to recognize phonological item information, independently of serial order information. In order to maximize reliance on phonological item STM, the stimuli were lists of unfamiliar nonwords. After each list, a probe nonword was presented and the participants had to judge whether the nonword had been in the list or not. 56 target and 56 negative probe nonwords were constructed. The nonwords all had a CVC syllabic structure and were presented in lists of two to five nonwords. The negative probe nonwords differed from the target by the initial consonant only. It was furthermore ensured that diphone frequency of the target and negative probe nonwords was similar, so that negative probes could not be rejected on the basis of different degrees of phonological familiarity for the target and the probe nonwords. The mean diphone frequency for CV diphones was 190.34 (range: 2-1164) for target nonwords and 200.70 (range: 2-1399) for negative probe nonwords, according to the database of French phonology by Tubach and Boë (1990). Each target list (containing either 2, 3 or 4 nonwords) was followed by the presentation of an equal number of positive and negative probe items, the number of positive probe items being further equal to the number of items in the target list. Hence a target list of four items was followed by four positive and four negative probe items, presented in random order. The nonwords had been recorded by a female human voice and stored on computer disk. Their mean duration was 696 (+96) ms. 
As for the previous tasks, the different lists were presented auditorily, via high quality loudspeakers connected to a PC running E-Prime software. The nonword lists were presented by increasing length, starting at the shortest list length. There were four trials for each list length. When starting a new trial, the words “new trial” appeared on the screen. Then the screen went white and a target nonword list was presented. At the end of the nonword list, a 500-ms pure tone was presented, followed by the probe nonwords. After each probe nonword, the participant had to judge whether it had occurred in the target list or not, by pressing a green-coloured response button (for “yes” response) or a red-coloured response button (for “no”). We computed the number of correct recognitions (for a total of 112 probes).

Task order. The four experimental tasks were administered in pseudo-random order, by alternating between item and serial order STM tasks.
RESULTS
First, we explored group effects conducting an omnibus MANOVA, including all four STM measures as dependent multivariate variables. The multivariate test of level using Wilks’ criterion was significant, F(8, 66) = 5.83, p < .01, indicating that the three groups differed in overall level of performance across the different STM tasks. Most importantly, the multivariate test of parallelism using Wilks’ criterion, testing the interaction between the group factor and the multivariate dependent measures, was also significant, F(6, 68) = 3.83, p < .01, suggesting that group differences were dependent on STM condition. Finally, the multivariate flatness test was also marginally significant using Wilks’ criterion, F(3,34) =2.65, p = .06, suggesting that global performance levels tended to differ between the different STM conditions.
The multivariate effects were then further explored by univariate decomposition. A first set of ANOVAs assessed group differences group on the item and order STM production tasks, i.e. the serial order reconstruction task and the item delayed repetition task. In a first analysis on performance for the serial order reconstruction task (proportion of positions correct), a main group effect was observed, F(2,36)=6.15, p<.05; further comparisons using HSD post-hoc comparisons for samples differing in size showed significantly poorer performance for the VCFS relative to the CA control group, as well as a marginal significance level when comparing the VCFS and the VA control group (p=0.06). When assessing group differences for the item delayed repetition task, a significant group effect was also observed, F(2,36)=6.11, p<.01. However, HSD post-hoc comparisons showed that group effect was driven mainly by a difference between both control groups (CA>AM); the VCFS group performed at least as well as both control groups, and there was even a trend towards significance in favour of the VCFS group when comparing the VCFS and VA control groups (p=.06) (see Table 3 for means and standard deviations).
A second set of ANOVAs assessed group differences between the item and order recognition STM tasks. We observed significant group effects for both the serial order recognition task, F(2,36)=4.69, p<.05,  and the item recognition task; F(2,36)=11.29, p<.01. For both tasks, VCFS participants showed poorer performance than the CA control group (p<.05, HSD test). However, the VCFS group was impaired relative to the VA group only for the serial order recognition task (p<.05, HSD test) but not for the item recognition task (the CA showed in fact an advantage over both the VA and VCFS groups here, p<.05, HSD test, while the VA and VCFS groups did not differ). 
< INSERT TABLE 3 ABOUT HERE >

Given the apparently low performance levels on both the order and item recognition tasks in all three groups, we checked whether behaviour on these tasks did not simply reflect performance close to chance level of performance (=50% for yes/no recognition tasks). If performance on these tasks is dependent upon STM performance, then level of accuracy should be relatively close to 1 on short trials and progressively get close to chance level for the longest and most difficult trials. This was explored using mixed ANOVAS, with group as between subject factor, and list length as within subject factor. In order to increase reliability of this analysis for the serial order recognition task which included only 6 trials per length, we grouped together list lengths 4 and 5, list lengths 6 and 7 as well as list lengths 8 and 9. A first mixed ANOVA for the serial order recognition task yielded a main effect of group, F(2,36)=5.05, p<.05, an effect of list length, F(3,108)=54.35, p<.0001, and a marginally significant interaction, F(6,108)=2.06, p=.06. As shown in Figure 1, performance decreased regularly as a function for each list length, performance being close to 1 in each group for the shortest list length, and close to chance level for the longest list lengths. Planned comparisons further showed that the VCFS group and both CA and VA controls groups did not significantly differ for the first list lengths (all F’s < 1, n.s.), but the VCFS group differed from both CA and VA control groups for list lengths 4 to 5 (all p <.05), and the VCFS group also differed from the CA control group for list lengths 6 to 7 (p<.05). For later list lengths, there was no difference anymore among groups as performance attained chance level in the three groups; for the VCFS group, the t-test assessing deviation from chance level performance was indeed not significant for the last list lengths, t(10)<1, n.s. A similar analysis was conducted for the item recognition measure.  This analysis also yielded a main effect of group, F(2,36)=19.84, p<.0001, an effect of list length, F(3,108)=32.34, p<.0001, but no significant interaction, F(6,108)=2, n.s.. Figure 2 shows accuracy as a function of list length and group, demonstrating again that performance was well above chance level performance for the shortest list length in all three groups and then decreased regularly. Planned comparisons showed that the VCFS group differed from both control groups for the shortest list lengths (all p <.05); for list lengths 3 and 4, the VCFS group differed from the CA control group (p<.05) but not from the VA control group. It is important to note that the VCFS group did not differ from both control groups for the longest list lengths, despite the fact that performance was still significantly above chance level performance (t-test assessing deviation from chance level performance : t(10)=2.25, p<.05).
< INSERT FIGURE 1 AND 2 ABOUT HERE >

Finally, in order to show that a serial order / item dissociation can also be observed when considering participants with VCFS at an individual level, we provide two illustrative case studies for two of the VCFS participants in our sample, one for a child with VCFS (TI, age 10;3 years) and another for a young adult with VCFS (VA, age 17;1 years). Their individual performance was compared to new samples of individually matched control groups, the matching variable being receptive vocabulary knowledge (as measured by the EVIP vocabulary scale). These control participants were recruited following the same procedure as described in the method section (see Table 4 for details on matching variables for these new control groups). As shown in Table 4, TI’s and VA’s performance was below the minimum score observed in each respective control group for the serial order reconstruction (positions correct) and the serial order recognition measures while their performance was within the control range for the item delayed repetition and the item recognition measures. TI was furthermore impaired on the serial order reconstruction measure when considering the number of entire correct trials.
< INSERT TABLE 4 ABOUT HERE >

DISCUSSION
The aim of this study was to investigate whether children and adults with VCFS show a specific impairment for processing serial order information in verbal STM tasks. Relative to a control group matched on chronological age, we observed that our group of VCFS participants was significantly impaired on tasks probing STM for serial order information (serial order recognition and serial order reconstruction) as well as on one difficult item STM task (item recognition); performance was preserved for a delayed item repetition task involving the delayed recall of a single nonword item. Relative to a vocabulary matched control group, the VCFS group was also impaired on the serial order STM tasks (although only marginally so on the serial order reconstruction task), but performance for item STM tasks was equal to or even better than performance of vocabulary matched controls. A careful analysis of performance on the serial order and item STM recognition tasks showed that VCFS participants were most significantly impaired on lists of moderate length for the serial order recognition task, performance reaching chance levels for the longest list lengths; this is consistent with a STM impairment. For the item recognition task, the VCFS participants were impaired only on the first shortest trials and their performance on longest list lengths was still significantly above chance. The latter result is most probably related to the fact that the shortest list lengths were the first lists to be presented and that the VCFS participants needed longer to get familiar with the task requirements of this difficult item recognition task. However, once familiar with task requirements, the VCFS participants’ performance was comparable to that of vocabulary matched controls.
At the first glance, our results do not seem to confirm previous findings by Wang et al. (2000), who showed that mean performance for digit span, as assessed by the number recall task of the Kaufman Assessment Battery for Children, was in the normal range in a group of 5-12-year-old children with VCFS, relative to a control group of chronological age matched standardization sample. However, when closely inspecting the individual data reported by Wang et al., one remarks that over 60% of the children had scores below the standardized mean, with some in the severely impaired range. Furthermore, the task used by Wang et al. (2000) draws on both item and serial order STM, and it could well have been the case that item STM capacities, which seem to be quite preserved in VCFS, at least relative to a mental age matched control group, might be used to compensate (to some extent) for deficient serial order STM capacities. Indeed, typical digit span for young children rarely exceeds 3-4 digits, providing relatively few opportunities to make serial order errors. The primary information to be recalled are the digits that have been presented (i.e. item information) and then their serial position. Furthermore, the present data confirm and extend the results of our previous study (Majerus, Glaser, et al., 2006). In that study, we had observed that children with VCFS presented an abnormally high rate of order errors, suggesting relatively specific difficulties at the level of serial order STM.  
We however have to examine whether the apparently differential impairments we observed for item and serial order STM measures in the VCFS group are not related to some confound variables. First, we have to note that our results cannot be attributed to differences in general intellectual abilities, at least with respect to verbal lexico-semantic abilities, given that our VCFS group was still impaired relative to a vocabulary matched control group. However, as can be seen in Tables 1 and 2, non-verbal intelligence, as measured by performance on Raven matrices, was still lower in the VCFS group (mean raw score : 23) than in the vocabulary matched control group (mean raw score: 30). Hence non-verbal abilities might perhaps partially account for the difference in serial order STM. This will be further discussed in the next paragraph. Second, we have to consider whether the fact that lexical stimuli (digits and words) were used in the serial order STM tasks and non-lexical stimuli (nonwords) in the item STM tasks might have influenced the results. Nonwords are in fact more difficult to retain than words and put maximal stress on item retention capacities, thus rendering the verbal STM task particularly difficult, as shown by many studies (e.g., Brock & Jarrold, 2004; Gathercole, Frankish, Pickering, & Peaker 1999; Majerus & Van der Linden, 2003). If lexical status had biased our results, then we should have observed greater impairments for the item STM than the serial order STM tasks, which is clearly the opposite of the results we actually got. One could perhaps still argue that the VCFS participants had lesser lexical knowledge than the control participants and that this might have disadvantaged their performance for the serial order STM tasks. However, this is very unlikely for several reasons: (1) the lexical items used in the serial order STM task had been precisely chosen to be very familiar even for children much younger and with much lower IQs than those reported in the present study; (2) the lexical items were sampled with repetition from a highly restricted pool of items and thus processing requirements for lexical item information was greatly reduced; (3) for the serial order reconstruction task, it was ensured that all participants had sufficient number knowledge (via a counting and a number reading task); (4) the impairment was still present when comparing the VCFS group to the vocabulary matched control group, which by definition had the same level of lexical knowledge as the VCFS group. Yet the VCFS group’s performance on the serial order recognition STM task was significantly below performance of this control group.
It could be argued that the difficulties observed in the serial order STM tasks are related to difficulties in refreshing STM traces via subvocal articulatory rehearsal processes rather than to specific difficulties at the level of serial order STM. Indeed, prefrontal cortex underlying rehearsal mechanisms in typically developing children and adults has been reported to be abnormal in VCFS (e.g., Eliez et al., 2000). The most important argument against a rehearsal explanation of our findings is that the VCFS children and adults were not impaired, relative to the mental age matched control group, in the item recognition task. The item recognition required the retention of multiple items and rehearsal was as likely to intervene in this task as it was in the serial order recognition task, where performance was impaired. Hence, general STM refreshing via item rehearsal is not likely to explain our results. However, we cannot rule out that the VCFS group presented a more specific form of rehearsal deficit such as serial rehearsal, requiring not only the refreshing of individual items, but also of their ordered succession.
As we have mentioned in the previous paragraph, it might be possible that the difficulties observed for the serial order STM tasks are related to more general difficulties in the domain of non-verbal, visuo-spatial abilities. Recent studies suggest indeed that serial order processing capacities might be a common capacity for storing sequences of either verbal or visuo-spatial information. For healthy adults, Smyth et al. (2005), for example, showed that a serial order reconstruction for visuo-spatial information (unfamiliar faces) yielded very similar findings in terms of serial position effects as serial order reconstruction tasks for verbal sequences (significant primacy and recency effects, with a drop of performance in the middle of the list). Furthermore, neuro-imaging findings suggest that the left inferior parietal lobe is sensitive to storage of serial order information and STM load not only for verbal, but also for visuo-spatial information (e.g., Ravizza et al., 2004; Todd & Marois, 2004). The inferior parietal cortex has also been implicated in other cognitive tasks that necessitate serial order processing and storage, such as number processing, magnitude judgment and calculation (Chochon, Cohen, Van de Moortele, & Dehaene, 1999; Dehaene, 2000), which, we should note, are also deficient in VCFS (e.g., De Smedt et al., 2003; Simon et al., 2004). With respect to neuro-imaging findings in VCFS, Eliez et al. (2003) have indeed shown abnormal activation of a left parietal area, the supramarginal gyrus, in 8 children with VCFS during an arithmetic computation task. At a structural level, a decrease of grey matter volume in the left parietal lobe has also been documented in children and adults presenting a chromosome 22q11.2 deletion (Eliez et al., 2000). We submit that the relatively specific impairments in serial order recognition and reconstruction observed in this study and the difficulties in number processing observed in other studies could be related to more general, amodal serial order processing capacities subserved by parietal areas that appear to be abnormal in VCFS. However, before reaching this conclusion, complementary investigations have to be conducted. It remains to be demonstrated, using functional brain imaging, that activation of the inferior parietal cortex is indeed abnormal during STM for serial order information in children and adults with VCFS. Future studies will also need to explore the implication of the present findings for storage of serial order information for visuo-spatial STM in VCFS, as well as any other tasks that necessitate ordered memory representations (e.g., mental calculation). Furthermore, we must also acknowledge that the dissociations observed in this study are limited in power given the relatively small sample size (leading to only marginally significant results for some comparisons) and given suboptimal consistency when decomposing performance as a function of list length in the recognition STM tasks. Future studies need to replicate the present findings. However, the results presented here at least show that the VCFS group’s serial order STM performance, being either similar or impaired relative to that of vocabulary matched typically developing control children, is a weakness in VCFS while item STM performance, being similar to performance of the vocabulary matched control group or even to performance of the chronological age matched control group, is a strength in VCFS.
More generally, the item / serial order distinction could be very useful for exploring verbal STM capacity in other neurodevelopmental disorders. For example, children with Williams syndrome (chromosome 7 micro-deletion) show relatively good performance in verbal STM tasks. However, when inspecting more closely their verbal STM performance, some studies suggest that their verbal STM performance is not supported to the same extent by long-term language knowledge, as suggested by abnormal lexicality, word frequency and nonword phonotactic frequency effects (e.g., Majerus, Barisnikov, Vuillemin, Poncelet, & Van der Linden, 2003; Vicari, Carlesimo, Brizzolare, & Pezzini, 1996; however, see also Brock et al., 2005 for opposite findings). Given that language knowledge is supposed to influence primarily item STM, we should expect that children with WS have indeed preserved serial order STM but abnormal item STM. Hence, the item/order distinction could be very helpful for leading to a better understanding of verbal STM functioning in Williams syndrome. We should also note that a similar possible dissociation has been recently shown by Brock and Jarrold (2004) in children with Down syndrome : they observed that children with Down syndrome present a greater impairment in a verbal item STM recognition task than in a serial order recognition task, suggesting that verbal STM for item and serial order information can be differentially impaired.

Finally, given that serial order STM capacity is particularly important for acquiring new word forms (Majerus, Poncelet, Greffe et al., 2006; Majerus, Poncelet, Elsen et al., 2006), it is also very important to relate the apparently poor serial order STM capacities in VCFS to their abnormal vocabulary development. The fact that in the present study, the VCFS group’s serial order STM capacity tended to be impaired relative to the vocabulary matched control group suggests that there might indeed be a core deficit in serial order STM underlying the protracted and poor vocabulary development in VCFS. Future longitudinal studies should be conducted in order to verify this suggestion; if there is any causal relation between order STM and vocabulary development in VCFS, then a statistical prediction should be observed between serial order STM capacity at a given age and vocabulary knowledge at a later age. Moreover, the present results also call for a more refined analysis of lexical language development in VCFS as detailed studies of psycholinguistic development in VCFS are still lacking. 
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TABLE 1 

VCFS participant characteristics

	
	Chronological age
	Gender
	FIQ1 *
	VIQ
	PIQ
	EVIP * 
raw scores
	Raven *
raw scores

	MA
	17.1
	F
	78
	75
	85
	148
	45

	ES
	11.4
	F
	66
	72
	67
	92
	22

	RO
	12.6
	M
	82
	94
	76
	129
	32

	LA
	31.6
	M
	72
	81
	64
	149
	17

	AM
	7.1
	F
	77
	89
	70
	87
	17

	LE
	14.7
	F
	44
	46
	51
	86
	15

	MO
	24.5
	M
	48
	48
	52
	100
	11

	AN
	21.6
	M
	62
	72
	55
	113
	24

	TH
	7.1
	M
	63
	71
	63
	75
	19

	TI
	10.3
	M
	67
	69
	70
	124
	19

	DA
	17.2
	M
	58
	71
	48
	76
	31


1 For patients ES, RO, AM, LE, TH and TI the WISC-III scales were administered; for the other patients, the WAIS-III were administered.

EVIP: French version of the Peabody Picture Vocabulary Test (Dunn, Thériault-Whalen, & Dunn, 1993)

* All tests reported here were specifically administered for the purpose of this study
TABLE 2 
Control group characteristics
	
	Age
	N
	Gender
	FIQ 
	VIQ
	PIQ
	EVIP 

raw scores
	Raven
raw scores

	CA control group
	16 years

(7;1 – 31;5)
	11
	7 f
	1111 

(92-128)
	111
(89-129)
	108
(93-122)
	141
(101-169)
	43
(30-58)

	VA control group
	9;6 years

(7;1-12;9)


	14
	8 f
	na
	1122
(99-125)
	na
	112
(82-146)
	30
(21-35)

	VCFS group
	15;10 years

(7;1 – 31;6)
	14
	4 f
	65
(44 – 82)
	72 

(46-94)
	64
(48-76
	107
(75 – 149)
	23
(11 – 45)




1 full, verbal and performance IQ estimated with WISC-III and WAIS-III (Wechsler, 1996, 2000);2 Verbal IQ estimated with EVIP scales (Dunn, Thériault-Whalen & Dunn, 1991)
TABLE 3 
Mean performance and standard deviations on the four STM tasks for the VCFS group and the chronological age (CA) and vocabulary age (VA) matched control groups. Results are presented as proportions of total number of possible correct responses.

	
	VCFS group
	CA control group
	VA control group

	Serial order reconstruction (proportion of trials correct)
	.47 (.19)
	.62 (.14)
	.46 (.11)

	Serial order reconstruction (proportion of positions correct)
	.56 (.21)
	.75 (.12)
	.69 (.14)

	Serial order recognition
	.55 (.06)
	.65 (.07)
	.64 (.10)

	Item delayed repetition
	.69 (.17)
	.76 (.19)
	.52 (.20)

	Item recognition
	.60 (.05)
	.69 (.06)
	.62 (.03)

	
	
	
	


TABLE 4
Individual performance on the STM tasks for two participants with VCFS, compared to individually matched verbal mental age control groups (using EVIP scores), illustrating the presence of dissociations between STM for item and order information in  a child and a young adult with VCFS.
	
	Order reconstr. (Items)
	Order reconstr. (Trials)
	Serial order recognition
	Item recognition
	Item delayed repetition

	
	
	
	
	
	

	TI 

Age: 10;3 y.
EVIP score: 124
	.59*
	.43*
	.50*
	.63
	.77

	Control group (N=9)
Age (mean): 9;3 years; 
Age (range): 9;0 – 9;10 years;
EVIP score (mean): 120
EVIP score (range): 102-135)
	.64 (.02)

min= .61
	.47 (.02)

min= .45
	.65 (.08)

min= .52
	.62 (.05)

min=.54
	.60 (.14)

min= . 37

	
	
	
	
	
	

	MA
Age: 17;1 years.

EVIP score: 148
	.55*
	.48
	.57*
	.63
	.57

	Control group (N=9)
Age (mean): 12;3 years; 

Age (range): 12;0 – 12;9 years;

EVIP score (mean): 142
EVIP score (range): 127-153
	.70 (.03)

min=. 64
	.50 (.09)

min= .43
	.76 (.07)

min= .67
	.68 (.05)

min= .60
	.60 (.10)

min= .47


* below the minimum score of control subjects’ performance
Figure Legends

Fig. 1. Performance on the serial order recognition task, as a function of list length and participant group. 

Fig. 2. Performance on the item recognition task, as a function of list length and participant group. 

Fig. 1

[image: image1.png]Accuracy

1.0-
0.9+
0.8
0.7 -
0.6
0.5+
0.4-
0.3+
0.2
0.1

_ O VCFS
{ A CA control group

_ ® VA control group

0.0

| | | |
Length 3 Length 4-5 Length 6-7 Length 8-9




Fig. 2
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� Vocabulary knowledge was used as a matching variable since we wanted to be able to determine possible verbal STM impairments that are independent of possible impairments at the level of lexico-semantic knowledge.


� The reason for having more negative than positive trials was to be able to sample transpositions for the different list positions without unnecessarily increasing the length of the entire task. Pilot testing had indeed shown that, independently of sequence length, very few errors occurred on positive trials. Thus, including an equal number of positive and negative trials would have merely increased the duration of the task without increasing its sensitivity and informative value.





PAGE  
1

