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Abstract

Language outcome in children experiencing fluctuant hearing loss due to otitis media (OME) remains highly equivocal. In the current study, we assessed performance on highly sensitive verbal short-term memory (STM), new word learning and phonological processing tasks in 8-year-old children who had suffered from recurrent OME before the age of 3. Relative to a control group with no history of OME, we observed strictly normal performance for different STM and new word learning tasks. Performance on these tasks was also normally influenced by phonotactic, lexical and semantic variables. However, at the level of phonological processing, a small but significant decrease of performance was found in a speeded nonword identification task and a rhyme judgment task. The results of this study suggest that outcome of OME is characterized by subtle impairments at the level of perceptual-phonological analysis, but there is no significant impact on verbal STM and new word learning abilities.
Learning outcomes: As a result of this activity, the participant will be able to (1) Explain the outcome of recurrent OME before age 3 on later language and verbal STM development. (2) Be aware of the complex relationships that link language development and verbal STM. (3) Explain how fluctuant hearing loss during infancy and early childhood could affect verbal STM development and learning capacity for new phonological information. (4) Describe different verbal STM measures that distinguish retention capacities for phonological and lexico-semantic information. (5) Explain the influence of phonotactic frequency on nonword processing in language and verbal STM tasks.
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Introduction

The current study explores the impact of recurrent otitis media with effusion (OME) during infancy and early childhood and its related hearing loss on verbal short-term memory (STM) outcome at the age of 8 years. Although language outcome has been frequently studied in children with a history of OME, potential adverse effects on verbal STM functioning have not yet received systematic investigation. This is surprising, given that verbal STM is a critical function involved in language development itself as well as in other cognitive skills such as arithmetic and foreign language learning. Before discussing more specifically the possible existence of verbal STM limitations in children with a history of OME, we will briefly review the existing literature on outcome of language processing measures.
The impact of recurrent OME before age 3 on later language outcome
After more than 30 years of research and more than 100 reports or meta-analyses, the long-term outcome of language development in children with recurrent OME is still highly equivocal. A number of recent studies have reported increased risk for delays in measures of phonological processing (articulation; sound discrimination), vocabulary knowledge, verbal comprehension and reading in children aged 3-10 years (e.g., Bennett & Haggard, 1999; Lindsay, Tomazic, Whitman & Accardo, 1999; Kindig & Richards, 2000; Klausen, Moller, Holmefjord, Reisaeter, & Asbjornsen, 2000; Maw, Wilks, Harvey, Peters, & Golding, 1999; Nittrouer & Burton, 2005; Rosenfeld et al., 2000; Shriberg, Flipsen et al., 2000; Shriberg, Flipsen, Kwiatkowski, & McSweeny, 2003; Shriberg, Friel-Pratti, Flipsen, & Brown, 2000; Shriberg, Kent, Karlsson, McSweeny, Nadler & Brown, 2003). However, other studies did not reveal any significant associations between OME and language outcome (Feldman et al., 1999; Paradise et al., 2000, 2001; Roberts et al., 1998, 2000, 2002; Rovers et al., 2000). A recent meta-analysis by Roberts, Rosenfeld and Zeisel (2004) found no consistent association between a number of standardized language measures at preschool age and OME related hearing loss. Although some occasional significant associations were observed, they were very small and the authors questioned their clinical relevance. It is important to note that the studies observing significant associations between a positive history of OME and language impairment are often those that use carefully designed psycholinguistic tasks while the studies obtaining null effects more often use standardized test batteries or parental checklists (e.g., Paradise et al., 2001; Roberts et al, 2002; see also Briscoe, Bishop and Frazier-Norbury, 2002, for related findings in children with sensori-neural hearing loss). Furthermore, studies investigating qualitative aspects of language development also observed subtle abnormalities in speech production. For example, Shriberg, Kent et al. (2003) showed qualitative changes in speech samples of preschool children with a positive history of early OME, as reflected by an increased rate of backing (abnormal posterior lingual positioning) of a number of consonants whose correct pronunciation requires an anterior lingual positioning (e.g., /k/, /z/, and /G/). In sum, both quantitative and qualitative effects of OME on outcome of receptive and productive language development have been reported, even though the effects remain small and inconsistent. As the possible language impairments related to OME seem to be subtle, their detection requires the administration of tasks that are carefully designed with respect to their sensitivity and the underlying psycholinguistic components they are assumed to measure. 
The impact of recurrent OME on later verbal STM outcome
Paralleling the extensive use of rather general language measures for exploring long-term effects of OME-related fluctuant hearing loss on language outcome, there are currently very few studies that have provided a detailed and qualitative exploration of verbal STM outcome in children with a history of OME. Indeed, many studies have included digit span measures in their more general language or auditory perception test batteries, showing no differences between children with a history of OME and control groups (e.g., Brandes & Ehinger, 1981; Hoffman-Lawless, Keith, & Cotton, 1981; Schilder, Snik, Straatman, & van den Broek, 1994). However, digit span is not a very sensitive measure. Studies from other research fields show that patients with developmental STM deficits might have relatively preserved digit span, while displaying significantly reduced performance for more sensitive STM tasks, such as immediate serial recall of word or nonword lists (e.g., patient TG in Majerus, Van der Linden, Poncelet & Metz-Lutz, 2004; patient BS in Hanten & Martin, 2001). One study, which used other test material than digit span for exploring verbal STM outcome in children with a positive history of OME, is the work described by Mody, Schwartz, Gravel and Ruben (1999). These authors compared identification and immediate serial recall for phonetically similar and dissimilar nonsense syllables in 9-year-old children with a history of OME during infancy and observed poor performance only for the phonetically similar condition, and this for both identification and immediate serial recall, suggesting residual impairments at the level of perceptual-phonetic analysis rather than genuine verbal STM storage capacities. On the other hand, in 5-year-old children with a positive history of OME, Nittrouer and Burton (2005) observed poor performance in a verbal STM task for both phonologically similar and dissimilar word conditions, but no deficits in a speech perception task requiring fine-grained acoustical analysis. It should be noted that the verbal STM task used by Nittrouer and Burton was characterized by task demands which were relatively complex for 5-year-old children (the children had to listen to a sequence of three or four words, and then had to rearrange pictures in the order in which the words were heard); thus, difficulties with comprehension of the orally presented task requirements might have affected the results. In support of this possibility, the OME group in the study by Nittrouer and Burton was also impaired for the comprehension of complex sentences.

Overall, evidence for residual STM impairments in children with a history of OME remains conflicting. However, it is important to establish a comprehensive picture of verbal STM outcome in these children as verbal STM capacities have a major impact on the development of other cognitive abilities, such as language development, foreign language learning and reading. In typically developing children, a substantial body of research has shown that verbal STM capacity predicts many aspects of language development, such as productive and receptive vocabulary knowledge, speed of acquisition of new lexico-semantic information and sentence production, for both native and foreign languages (Adams & Gathercole, 1995, 1996, 2000; Avons, Wragg, Cupples, & Lovegrove, 1998; Bowey, 1996; Gathercole, 1995; Gathercole & Adams, 1993, 1994; Gathercole & Baddeley 1989, 1990, 1993; Gathercole, Willis & Baddeley, 1991 ; Gathercole, Frankish, Pickering, & Peaker, 1999; Michas & Henry, 1994; Service 1992; Service & Kohonen, 1995). Moreover, children with developmental verbal short-term memory impairments display severe difficulties in acquiring a foreign language vocabulary (e.g., Hanten & Martin 2001). These empirical data have led to the development of a number of STM models assuming the existence of strong interactions between verbal STM and language processing (e.g., Baddeley, Gathercole & Papagno, 1998; Gupta & MacWhinney, 1997; Hartley & Houghton, 1996). Certain models even consider verbal STM to be a necessary gateway through which new verbal information entering long-term memory must pass (e.g., Baddeley et al., 1998). In older children with a history of OME, limitations in verbal STM capacity might have no serious impact on native language functioning anymore as initially delayed native language development might eventually have become normal due to intensive experience and possible speech and language therapy. However, reductions in verbal STM capacity might still make more difficult the acquisition of a foreign language phonology and vocabulary, which will negatively affect the educational and career prospects of these children. 

The aim of the current study was to realize a detailed investigation of both quantitative and qualitative aspects of verbal STM functioning in 8-year old children with and without a history of recurrent OME. In a first set of tasks, we determined verbal STM performance for immediate serial recall of word and nonword lists of increasing length. We were not only interested in overall levels of performance relative to an age-matched control group, but also in the impact that lexical, semantic and phonological knowledge can have on verbal STM performance, by comparing recall for lists of words of high or low lexical frequency (frequency effect), for lists of words of high and low imageability ratings (imageability effect) and for lists of words and nonwords (lexicality). Indeed, verbal STM performance is not only determined by intrinsic short-term storage capacity, but also by the availability of language knowledge about the items that have to be stored. For example, recall of word lists yields consistently better performance than recall of nonword lists in both children and adults (e.g., Hulme, Maughan & Brown, 1991; Gathercole et al., 1999; Majerus & Van der Linden, 2003; Roodenrys, Hulme & Brown, 1993). Similarly, word frequency and word imageability have also been reported to affect immediate serial recall of word lists at any ages (e.g., Majerus & Van der Linden, 2003). Given these considerations, OME related fluctuant hearing loss could affect verbal STM in two different ways: (1) residual perceptual deficits might hinder the construction of appropriate phonological codes in verbal STM leading to poorer storage capacity for any type of verbal items (e.g., Mody et al., 1999; Nittrouer & Burton, 2001); (2) impoverished perceptual input during infancy and early childhood might lead to a more poorly structured network of permanent phonological, lexical and semantic representations, affecting also verbal STM as performance in these tasks very directly depends on the integrity of language representations; in that case, we should expect not only poorer performance in verbal STM tasks, but effects of word frequency, lexical and semantic knowledge might also be abnormal.


The hypothesis of a poorly structured language network as underlying weak verbal STM performance was further explored through nonword processing tasks investigating more precisely the degree of segmentation of phonological representations. Indeed, processing of nonwords, in both simple identification and verbal STM tasks, depends on the availability of finely segmented phonological representations and phonological knowledge. For example, Gathercole et al. (1999) showed that nonwords containing phoneme combinations which are frequent in the native language of the participating children yielded higher recall performance than nonwords made of low frequency phoneme associations. These data suggest that nonword recall is influenced by some form of statistical knowledge about phoneme combinations in a given language (the so-called nonword phonotactic frequency effect). In a recent study, we further showed that nonword repetition in children was influenced by new sublexical phonological knowledge that had been learned incidentally just before the nonword recall task (Majerus, Van der Linden, Mulders, Meulemans, & Peters, 2004). Vitevitch and Luce (1998, 1999) also demonstrated that speeded single nonword repetition is faster and more accurate for nonwords composed of frequent phoneme associations as compared to nonwords with less frequent phoneme groupings. In the present study, we explored the influence of phonotactic knowledge on a single nonword repetition task, by investigating the presence of normal-sized phonotactic frequency effects. The degree of segmentation of the phonological network was further explored through a set of phonological awareness tasks, for which we also compared performance for nonwords with high or low phonotactic frequency patterns, as well as for words. 
Furthermore, two additional STM tasks assessed recognition for phonological or lexico-semantic information, via a rhyme probe and a semantic category probe task. Martin, Shelton and Yaffee (1994) have shown dissociations between these two tasks in brain damaged patients, suggesting that STM capacities for the retention of phonological and lexico-semantic information might be distinct. In the present context, we wanted to explore whether hearing loss during infancy has a differential impact on phonological and lexico-semantic retention abilities. 
Finally, in order to investigate whether a positive history of OME is associated with difficulties in later foreign language learning, as discussed earlier, we determined learning capacities for new verbal information via a word-word and a word-nonword paired associate learning task. If children with OME have limited capacities for learning new phonological information, then they should also present very poor performance on the word-nonword paired associate learning task. Moreover, we also investigated the influence of phonotactic knowledge on the word-nonword paired associate learning task, by comparing performance for learning nonwords containing high or low phonotactic frequency patterns.
Lastly, we presented a set of tasks controlling for the presence of residual perceptual deficits as well as for general vocabulary knowledge. A central auditory processing battery which assessed dichotic listening and speech-in-noise identification abilities, was administered. Measures of productive and receptive vocabulary knowledge were also obtained. In order to really assess long-term effects of OME on verbal STM and language outcome and given the complexity of some of our tasks (e.g., category probe task), we chose to study 8-year-old children rather than younger preschool age children. 
Methods and Material
Participants
The experimental group was comprised of 20 children who had presented a history of repetitive and severe otitis media during infancy and early childhood. The children were chosen from the medical records of the Department of Oto-Rhino-Laryngology of the University Hospital of Liege. In order to be included in the study, they had to meet several criteria : (1) recurrent and serious episodes of otitis media with significant hearing loss during at least 3 months before the age of 3 ; (2) at least one perforation of the tympanic membrane with seromucosal secretions, evacuated via the insertion of a trans-tympanic ventilation tube (see Table 1) ; (3) normal hearing at the time of the present study, as assessed by puretone audiometry for the frequencies .5, 1.0, 2.0, and 4.0 kHz ; (4) estimates in the normal range for receptive vocabulary (EVIP ; Dunn, Thériault-Whalen, & Dunn, 1993) and non-verbal reasoning abilities (Colored Progressive Matrices, Raven, Court & Raven, 1998); (5) no other signs of neurological or neurodevelopmental disturbances. Due to the retrospective design of the present study, it was not possible to get precise estimates of hearing loss for all episodes of OME in each child, especially for those episodes where the child was not treated by our medical department. Many children were also preverbal when first episodes of OME occurred, and hence standard behavioral audiometry requiring a volitional response by the child was not always feasible at these early periods. Also note that 6 children benefited from speech and language pathology after insertion of trans-tympanic ventilation tubes. 

The control group included 20 typically developing children with no documented episodes of otitis media and no other medical condition that could have affected auditory processing. Formal hearing screening was conducted at the time of study, using puretone audiometry as for the experimental group and confirming normal hearing levels for each child (Table 1). Otherwise, the control children had to show normal estimates of verbal and non-verbal intellectual abilities and no signs of neurological or neurodevelopmental disorders following the same criteria as for the experimental group. They were selected from two schools of the province of Liege. Both groups had a mean chronological age of 8 years 2 months (age range: 7 years 7 months – 9 years 2 months) and were matched for gender; all the children were from middle class socio-economic backgrounds and their native language was French. The children from both groups were all from third or fourth grade classes in normal primary school settings and they showed chronological age-appropriate levels of instruction. 
< INSERT TABLE 1 ABOUT HERE >

General procedure
First, the children of the OME group were seen at the Department of Oto-Rhino-Laryngology of the University Hospital of Liege, where their hearing thresholds and general physical condition were examined. If they passed the hearing screening, they were administered a standardized central auditory processing battery (BAC; Demanez, Dony-Closon, Lhonneux-Ledoux, & Demanez, 2003) in a soundproof booth. Next, for both the OME group and the control children, the language and STM experiments were administered in sound-attenuated rooms at school or at home, in two sessions lasting approximately 90 minutes each. The different auditory stimuli had been digitized and stored on an IBM compatible portable PC; at testing, they were presented via high-quality headphones connected to the sound card of the PC. All tasks requiring verbal output were tape-recorded for later independent scoring by the first author and the second author (experimenter) of this article. Inter-rater agreement was high (minimum: 94%) and the few instances of discrepancies were later discussed in order to reach agreement. 
Central auditory processing
The BAC is a central auditory processing battery developed by Demanez et al. (2003). This battery has been standardized on over 700 participants divided in thirteen age groups, ranging from 5 years to 80 years of age. The BAC comprises five subtests. All the stimuli are presented at 70 dB SPL. 
Speech-in-noise. The first subtest measures auditory closure, i.e., the ability to recognise speech when parts of the signal are missing or blurred. Sixty monosyllabic CVC words were presented binaurally with non-masking white noise (signal/noise ratio: 1.0). The participant was required to repeat the monosyllable he had heard. We scored the number of correct repetitions.
Dichotic listening. The test comprises the simultaneous presentation of two different digits, nouns or syllables, one for each ear. Both integration and separation of binaurally presented information is assessed. The integration condition requires the child to report the stimuli presented to the right and left ear and measures dichotic listening ability. The separation condition requires the child to report either the left-hand or the right-hand stimulus and permits to establish left or right ear prevalence. There are 10 stimuli for each type of items (digits, nouns or CV syllables), presented in both the integration and the separation conditions. For the separation condition, each list is administered twice, so that each item is presented once to the left ear and once to the right ear. Due to time constraints, the separation condition could only be administered to half of the children.
Masking level difference. The masking effect of noise during the binaural presentation of target stimuli can be reduced by a small amount of dB when the phases of the stimuli presented to the right and left year are in opposition. In this subtest, this is achieved by presenting a stable white noise at 70 dB during which 10 bisyllabic words are presented at decreasing amplitude ranging from 70 to 40 dB, at successive steps of -5 dB.  In a first condition, both the signal (target items) and the noise have the same phase for the items presented to the right and left year. In the unmasking condition, the noise is presented in phase, but the phases of the signal presented to the left and right ear are opposed. In this condition, the dB level of the signal for which a 50% intelligibility rate is observed is in general at least 2-3 dB lower than it is for the condition where both the signal and noise are presented in phase.
Pitch and duration discrimination. The last two subtests assessed the ability to discriminate variations in pitch and duration. In this test, three stimuli are presented, varying either in pitch (880 or 1122 Hz) or in duration (250 or 500 ms). The child is required to repeat the sequence, by humming back the sequence. Thus, in addition to testing pitch and duration discrimination abilities, this test also assesses short-term memory for non-verbal acoustic information.
Language tasks
Speeded nonword identification task. This online measure of phonological processing is the adaptation of a task already reported in Majerus, Van der Linden, Poncelet et al. (2004) and requires accurate and fast identification and repetition of single nonwords, minimizing the contribution of metaphonological and STM processes. The task contained two classes of nonwords: 60 nonwords composed of CV and VC diphones with a high phonotactic frequency (HF) in French (e.g., /pDbmyn/, /Gobtad/), and 60 nonwords composed of CV and VC diphones with a low phonotactic frequency (LF) (e.g., /fZgloG/, /GcbGyf/). Each stimulus contained two CVC syllables. The LF nonwords were constructed using CV and VC diphones which are quite rare in French (e.g., in the nonword /fZgloG/, the diphones /fZ/, /Zg/, /lo/, and /oG/ are not very frequent in French). On the other hand, the HF nonwords contained CV and VC diphones which are quite frequent in French (e.g., in the nonword /pebmyn/, the diphones /pe/, /eb/, /my/, and /yn/ are very frequent in French). Phonotactic frequency was established using the Phonetic Database of French by Tubach and Boë (1990). This database was constructed by transcribing in phonetics formal and informal conversations in French; frequency of co-occurrence of  phonemes, diphones, and triphones was then calculated on the basis of this oral language corpus. This corpus maximises the validity of the phonotactic frequency counts for tasks using auditory verbal stimuli as the counts are based on real spoken language, and not on written language as was the case for phonotactic frequency counts used in previous studies (e.g., Gathercole et al., 1999; Vitevitch & Luce, 1998). We used the diphone frequency counts as a measure of phonotactic frequency. Mean phonotactic frequency of C1V1, V1C2, C3V2, and V2C4 diphones in HF and LF nonword lists was significantly different (C1V1 : M1=817, M2=222, F(1,59)=30.14, P<.0001 ; V1C2 : M1=933, M2=115, F(1,59)=55.07, P<.0001 ; C 3V2 : M1=808, M2=201, F(1,59)=36.60, P<.0001 ; V2C4 : M1=925, M2=148, F(1,59)=62.80, P<.0001). The stimuli were recorded by a trained native French female speaker. All stimuli were spoken in isolation. The stimuli were low-pass filtered at 4.8 khz and digitized at a sampling rate of 22050 Hz. All stimuli were edited into individual files and stored on computer disk. There were no significant differences in stimulus duration for the low and high phonotactic frequency nonwords, t(59) <1, M1 = 1093 ms, M2 = 1101 ms. The stimuli were presented binaurally via headphones connected to a desktop computer. The subjects were asked to repeat each stimulus as quickly and as accurately as possible after presentation. The stimuli were presented in random order at a rate of one stimulus every 5 seconds. Responses were recorded on tape by the experimenter for later transcription and scoring with regard to accuracy of recall.

Phonological awareness (PA). We assessed PA at three different levels: (1) word- , (2) rhyme-, and (3) phoneme-level, using minimal pair discrimination, rhyme judgement and phoneme detection tasks. PA at the word-level was assessed with a minimal pair discrimination task, in which pairs of words were presented differing (or not) by a single phoneme. This judgement can be realized by comparing the global word forms of the two items of a pair, without being aware of the precise phoneme which differentiates the two words. Therefore, this is the easiest PA task. PA at the rhyme-level was assessed with a rhyme judgement task, in which pairs of words were presented with similar or different rhymes. The detection of rhyme requires the segmentation of the word forms in onset, nucleus and rhyme. This judgement cannot be correctly made on the basis of global word form comparison as the two words of each pair are always different. PA at the phoneme-level was assessed with a phoneme detection task, in which a previously presented consonant had to be detected in the onset of a presented word. This task requires the segmentation of the word onset in phonemes which have to be compared with a target phoneme. This task is more difficult and is typically acquired at later developmental stages than minimal pair discrimination and rhyme judgement. 
In each task, phonological awareness was assessed for three different stimulus types: words, nonwords composed of diphones with a high probability of occurrence in French (HF nonwords) and nonwords composed of diphones with a low probability of occurrence (LF nonwords). This was done in order to assess whether a better performance in phonological awareness tasks could be observed for words compared to high phonotactic frequency nonwords, and for high compared to low phonotactic frequency nonwords. If this is the case, it would suggest that phonological and lexico-semantic knowledge about the items to be processed facilitates phonological judgements. 
In order to avoid that differences in performance in the different tasks could be accounted for by STM capacity, since PA typically requires temporary storage of at least two verbal stimuli which have to be segmented and then compared, STM load of the PA tasks was equalized between subjects. Before the administration of the PA tasks, STM capacity was determined by digit span. In the PA tasks, children who had a digit span of less than 4 were presented monosyllabic stimuli, while children with a digit span equal to or greater than 4 were presented bisyllabic stimuli.  
The minimal pair discrimination task consisted of 10 word pairs, 10 HF nonword pairs, and 10 LF nonword pairs. For low-span children, the word and nonword stimuli were monosyllabic and had a C1VC2 structure. For each stimulus condition, 5 pairs were identical and 5 pairs differed at the level of the first or last consonant by one or two articulatory features (e.g., gomme [gum] – comme [like] for words, /gCn/ - /fCn/ for HF nonwords, /gyf/ - /myf/ for LF nonwords). Phonotactic frequency of phoneme assocations contained in the nonwords was established according to the Phonetic Database of French by Tubach and Boë (1990). There were no differences in diphone frequency between the words and the HF nonwords (351 vs. 319 for C1V diphones; 575 vs. 575 for VC2  diphones). HF nonwords and LF nonwords differed significantly in diphone frequency: 319 vs. 87  [t(19)=-5.192, P<.0001] for C1V diphones, and 561 vs. 110 [t(19)=-4.669, P<.0001] for VC2  diphones. For high-span children, the stimuli were all bisyllabic and had a C1V1C2V2C3 structure. For each stimulus condition, 5 pairs were similar and 5 pairs differed at the level of C1, C2 or C3 by one or two articulatory features (e.g., regard [look] – retard [delay] for words, /tigCn/ - /tifCn/ for HF nonwords, /dogyf/ - /domyf/ for LF nonwords). There were no differences in diphone frequency between the words and the HF nonwords (1396 vs. 1447 for C1V1 diphones; 1417 vs. 1174 for V1C2  diphones; 1291 versus 1638 for C2V2 diphones; 1880 versus 1081 for V2C3  diphones). HF and LF nonwords differed significantly in diphone frequency: 1447 vs. 124  [t(19)=-12, P<.0001] for C1V1 diphones, 1174 vs. 115 [t(19)=-4.773, P<.0001] for V1C2  diphones, 1638 vs. 87 [t(19)=-5.021, P<.0001] for C2V2 diphones, and 1081vs. 110 [t(19)=-7.145, P<.0001] for V2C3 diphones. 

The rhyme judgement task also consisted of 10 word pairs, 10 HF nonword pairs, and 10 LF nonword pairs. For low-span children, the word and nonword stimuli were once again monosyllabic and had a C1VC2 structure. For each stimulus condition, 5 pairs shared the rhyme (e.g., masse [volume] – tasse [cup] for words, /sav/ - /nav/ for HF nonwords, /pSm/ - /fSm/ for LF nonwords) and 5 pairs did not share the rhyme (e.g., page [page] – femme [woman] for words, /mam/ - /tad/ for HF nonwords, /mub/ - /tug/ for LF nonwords). There were no differences in diphone frequency between the words and the HF nonwords (905 vs. 806 for C1V diphones; 1036 vs. 863 for VC2  diphones). HF nonwords and LF nonwords differed significantly in diphone frequency: 806 vs. 259  [t(19)=-3.349, P<.01] for C1V diphones, and 863 vs. 129 [t(19)=-5.563, P<.0001] for VC2  diphones. For high-span children, the stimuli were all bisyllabic and had a C1V1C2V2C3 structure. For each stimulus condition, 5 pairs shared the rhyme (e.g., lavage [washing] – garage [garage] for words, /masav/ - /manav/ for HF nonwords, /dopSm/ - /dofSm/ for LF nonwords) and 5 pairs did not share the rhyme (e.g., peinture [painting] – pelouse [lawn] for words, /maban/ - /mapad/ for HF nonwords, /domub/ - /dotug/ for LF nonwords). There were no differences in diphone frequency between the words and the HF nonwords (981 vs. 1030 for C1V1 diphones; 1443 vs. 1490 for V1C2  diphones; 1262 versus 1054 for C2V2 diphones; 1148 versus 968 for V2C3  diphones). HF and LF nonwords differed significantly in diphone frequency: 1030 vs. 124  [t(19)=-12, P<.0001] for C1V1 diphones, 1490 vs. 177 [t(19)=-7.441, P<.0001] for V1C2  diphones, 1054 vs. 259 [t(19)=-3.552, P<.01] for C2V2 diphones, and 968 vs. 129 [t(19)=-5.190, P<.0001] for V2C3 diphones. 
The phoneme detection task consisted of 10 words, 10 HF nonwords and 10 LF nonwords. For low-span children, the word and nonword stimuli were once again monosyllabic and had a C1VC2 structure (e.g., fête [party] for words, /fDm/ for HF nonwords, /fSp/ for LF nonwords). For each stimulus condition, half of the items were followed by a target consonant which coincided with the first consonant of the item, and half were followed by a non-matching target consonant. The consonants probed in each condition were /g/, /f/, /b/, /l/, /m/ and /d/. There were no differences in diphone frequency between the words and the HF nonwords (587 vs. 587 for C1V diphones; 1065 vs. 899 for VC2  diphones). HF nonwords and LF nonwords differed significantly in diphone frequency: 587 vs. 106  [t(9)=-3.33, P<.01] for C1V diphones, and 899 vs. 135 [t(9)=-3.87, P<.01] for VC2  diphones. For high-span children, the stimuli were all bisyllabic and had a C1V1C2C3V2 structure (e.g., mardi [tuesday] for words, /mTnti/ for HF nonwords, /mXtdo/ for LF nonwords). There were no differences in diphone frequency between the words and the HF nonwords (634 vs. 587 for C1V1 diphones; 1986 vs. 899 for V1C2  diphones; 611 vs. 158 for C2 C3 diphones; 1286 vs. 1447 for C3V2  diphones), except a slightly significant difference for the V1C2  diphones (t(9)= 2.6, P=0.03). HF and LF nonwords differed significantly in diphone frequency: 587 vs. 106  [t(9)=-3.3, P<.01] for C1V1 diphones, 899 vs. 135 [t(9)=-3.87, P<.01] for V1C2  diphones, and 1447 vs. 124 [t(9)=-12, P<.0001] for C3 V2 diphones. There was no difference for the C2C3 diphones as CC diphones typically have a relatively low probability of occurrence in French [158 vs. 90; t(9)=-3.552, P<.01]. 

The minimal pair discrimination, the rhyme judgement and the phoneme detection task, as well as the different stimulus conditions, were presented in pseudo-randomized order for the different participants. For each task, first the word list was presented because pilot data had shown that it was sometimes difficult for children to comprehend the task requirements if they had to begin with a nonword list. Then the HF nonword and LF nonword lists were presented in a blocked design. Order of presentation of the 2 nonword lists was randomized between subjects. Each task was preceded by 3 practice items. For the minimal pair discrimination task, the children were told: “You will now hear words (for nonwords: funny words you do not know). You will hear two of them presented together each time, and I ask you to tell me if the two words are the same or different”; for the rhyme judgement task, the children were told: “You will once again hear words (for nonwords: funny words you do not know). Once again, you will hear two of them presented together each time, but this time, I ask you to tell me if the two words have the same sounds at the end or not.”; for the phoneme detection task, the children were told: “You will hear words (for nonwords: funny words you do not know).  After each word, I will give a sound, and I will ask you to tell me if, yes or no, the word begins with the sound I gave you just after the word”. The stimuli were presented via headphones connected to a PC on which the stimuli were stored. Children replied by a simple “yes-no” answer and the number of correct responses within each task and each stimulus condition was noted.  
Receptive vocabulary. Integrity of lexico-semantic representations was assessed by  receptive and productive vocabulary measures. For receptive vocabulary knowledge, the French adaptation of the Peabody Picture Vocabulary Test (Dunn & Dunn, 1981) was used (EVIP, Dunn et al., 1993). In this task, four pictures are shown and the child has to choose the picture which corresponds to the word spoken by the experimenter. The distractors are visually and semantically related to the target word. The standardized score was used as a measure. Although this measure was also used for defining the inclusion criteria of the control and experimental groups, this does not rule out that mean performance is nevertheless weaker in the experimental than in the control group, even if performance remains in the normal range.
Productive vocabulary. Productive vocabulary knowledge was assessed by an oral picture naming task representing 90 common objects (e.g.; moon, heart, parrot, halo) (Bachy, 1987). The words were controlled for frequency and length: the 90 words were equally divided into high, medium and low frequency words and 1-syllable, 2- syllable and 3-syllable words. 

Verbal short-term memory tasks

Immediate serial recall of word and nonword lists. A first task assessed immediate serial recall performance for words and nonwords, and permitted to explore the influence of lexical phonological knowledge on verbal STM performance. We selected 60 high phonotactic frequency nonwords (e.g., /foz/, /buv/, /dRp/, /toY/, /nZF/, /mCv/, /Yuz/, /gov/, /pok/, /tSn/), and 60 words (e.g., taupe [mole], tour [tower], dinde [turkey], sauce [sauce], jeune [youngster], nord [north], route [road], pause [stop], faute [error],  danse [dance]). Each stimulus had the same syllabic structure (C1VC2). The diphone frequencies were determined using the French phonetic database by Tubach and Boë (1990). The nonwords contained C1V and VC2 diphones which are frequent in French; for example, in the nonword /foz/, the diphones /fo/ and /oz/ have a frequency of 236 and 553, respectively. Mean phonotactic frequency for the nonwords was 713 (C1V) and 837 (VC2). The list of words used in this task was created by selecting monosyllabic frequent and imageable words whose diphone frequencies were matched to those of the nonwords (mean diphone frequency for the words: 745 (C1V) and 919 (VC2)). There was no difference in phonotactic frequency between words and nonwords [t(59) < 1 for C1V and VC2 diphones]. The consonants and vowels used for the nonwords and words were sampled from the same pool of phonemes. Each word and nonword was used only once in the experiment. 

The word and nonword stimuli were regrouped in sequences of increasing length for the immediate serial recall task; the shortest sequence contained 2 stimuli and the longest sequence contained 5 stimuli. There were 4 trials for each stimulus type at each list length. Children were presented the nonword and word sequences for immediate serial recall. For each sequence length, the 4 trials for the word and nonword stimuli were presented before going on to the next sequence length. The order of presentation of word and nonword sequences was randomized between subjects. The participants were asked to repeat the sequences in correct order immediately after auditory presentation by the examiner. The participants’ responses were recorded on tape and transcribed for later scoring. As a measure of STM performance, the total number of items recalled in correct serial position, for the word and nonword lists, was determined, with pooling over all sequence lengths.
Immediate serial recall for high and low frequency word lists. The influence of lexical language knowledge on STM performance was assessed by presenting lists of lexically frequent and infrequent words for immediate serial recall. Two lists of 108 words were constructed. The items in the two lists were matched for item length and were all bisyllabic. The frequency count was <200 and >10000, for the low- and high-frequency lists, respectively (Content, Mousty & Radeau, 1990). Sequence length ranged from 2 to 7 items, with 4 trials per sequence length. All sequence lengths were presented. The total number of words correctly recalled and in correct serial position, summed over all sequence lengths was determined for the high and low frequency word lists. 
Immediate serial recall for high and low imageability word lists. The influence of semantic long-term knowledge on STM performance was assessed by presenting lists of high and low imageability words for immediate serial recall. Two lists of 108 words were constructed. The high and low imageability words had a rating of  >616  and <350, respectively (MRC Psycholinguistic Database; Coltheart, 1981)
. Both lists contained 1- and 2-syllable words and were matched for word length; mean word length was 1.8 syllables in each list. Both lists were also matched for word frequency [t(107)=-.09, n.s.; Content et al., 1990]. Sequence length ranged from 2 to 7 items, with 4 trials per sequence length. All sequence lengths were presented. The total number of words correctly recalled and in correct serial position, summed over all sequence lengths was determined for the high and low imageability word lists.

Rhyme and semantic category probe tasks. A second type of STM tasks assessed STM performance using a probe recognition procedure, in order to be able to rule out that possible impairments in verbal STM could be due to difficulties at the level of speech output. These tasks were based on the probe tasks proposed by R. Martin et al. (1994) and permitted also distinguishing retention capacities for phonological and lexico-semantic information. These tasks were adapted from Majerus, Van der Linden, Poncelet et al. (2004). Sequences of 2 to 6 items were presented, followed by a probe word. In the rhyme condition, subjects had to judge if the probe word shared the rhyme with one of the words of the sequence; in the semantic category condition, subjects had to judge if the probe word belonged to the same semantic category as one of the words of the sequence. The words used in the rhyme probe and semantic probe conditions were all bisyllabic and of medium lexical frequency (mean: 1065 for rhyme probe and 889 for semantic category probe, t(175)=-0.1, n.s.; Content et al., 1990). For sequence length 2 and 3, there were 6 trials, and for sequence length 4 to 6, there were 7 trials. Each serial position was probed equally often. The categories probed were animals, body parts, clothes, flowers, fruits, furniture, kitchen utensils, profession, tools, vegetables, transportation. In order to ensure correct understanding of the concept “category”, the category labels were printed on a 29.4cm by 21cm sheet, accompanied by three pictures of representative objects for each category; these objects did not occur in the STM lists. This category sheet was shown to the children during the first 19 trials, but was removed afterwards in order to avoid that the children developed a visual encoding strategy based on the pictures displayed on the sheet. In each condition, there were 4 test trials of sequence length 1, in order to check that the task requirements had been correctly understood. For each sequence length and each condition, there were 2 non-matching probe trials and 4(5) matching probe trials. A greater number of matching probes was chosen because pilot data had shown that non-matching probes were very easily rejected, while the detection of matching items was much more difficult and yielded a greater variability in scores, thus increasing the sensitivity of the task. As a dependent measure, the number of correct yes/no answers in each condition was calculated, with pooling over all sequence lengths.

Word-word and word-nonword paired associate learning tasks
Three sets of monosyllabic CVC stimuli were created: 3 HF nonwords (/vuY/, /Yab/, /siv/), 3 LF nonwords (/GyG/, /fVg/, /pRG/) and 3 words (sel [salt], coq [cock], sac [bag]). No nonword and word stimuli which had been used in the previous tasks appeared in this task. Mean diphone frequency was equivalent in words and HF nonwords (1614 vs. 1541 for C1V diphones; 1015 vs. 988 for VC2 diphones). There was a large difference for mean diphone frequency between HF and LF nonwords: 1541 vs. 14 for C1V diphones, and 988 vs. 15 for VC2 diphones.

The word and nonword targets were then associated with high frequency monosyllabic words (sage [wise man], père [father], mousse [foam], mèche [lock of hair], peur [fear], vache [cow], douche [shower], fils [son], bouche [mouth]) in order to create word-word and word-nonword pairs for paired associate learning (e.g., douche - sel, for word-word pairs; peur -  /fVg/, for HF nonword pairs; mousse - /siv/, for LF nonword pairs). 

Children were presented, at different moments during the two testing sessions, 3 word-word pairs, 3 word-HF nonword pairs, and 3 word-LF nonword pairs. First, the children were presented each pair of a given list separately and subjects had to repeat the target immediately, in order to ensure that target stimuli could be perceived and articulated without any difficulty. After this control condition, children were presented the 3 pairs of a given stimulus condition, then the cue word of each pair was presented, in a different order than during presentation, and the child had to recall the target which was associated with the cue. After recall, the children were presented the 3 pairs again, in random order, and a new recall session followed. This procedure was repeated 6 times. The stimuli were presented orally by the experimenter. The responses of the children were transcribed. The total number of targets correctly recalled in each list condition after 6 presentations was taken as a score for this task. A delayed recall was also carried out 20 minutes after the last immediate recall for each stimulus condition. 

Results

Central auditory processing

Dichotic listening. When considering individual scores, most children in the OME group presented dichotic listening abilities in the normal range, although performance was close to the lower end with respect to score distribution in the normative control group collected by Demanez et al. (2003). Three children performed very poorly on this task, performance being outside the normal range. Although ear prevalence could not be tested for every child, for those where this test was available, the vast majority showed a normal right ear advantage (9/10). Despite the fact that dichotic listening performance was in the normal range when considering individual scores, a comparison of the means between the OME group and the normative control group from Demanez et al. (2003) nevertheless showed that mean performance was significantly lower in the OME group as compared to the control group, z>4, p<.00001 (see Table 2). This was still true when re-running the analysis after exclusion of the 6 children of the OME group which had received speech and language therapy, z>3, p<.001.
Speech-in-noise test. Most children showed normal identification abilities for words presented during noise, with only one child performing outside the normal range. The difference between mean performance in the normative group and the OME group was not significant (z=1.24, n.s.) (Table 2).
Masking level difference. All children presented a normal increase of 1 dB or more in their stimulus target identification thresholds when the target and noise were presented with phase opposition. At the group level, there was no significant difference between the OME group and the normative control group (z=.94, n.s.) (Table 2).
Pitch and duration discrimination. Performance for pitch pattern reproduction was in the normal range for all children; no significant differences were observed between mean performance in the normative control group and the OME group (z=.26, n.s.). Five children performed outside the normal range for duration pattern reproduction, the group-level difference being however only marginally significant (z=1.55, p=.06) (Table 2).
< INSERT TABLE 2 ABOUT HERE >
Language processing

Speeded nonword repetition. A 2 (groups) x 2 (nonword condition) mixed ANOVA was performed on number of correct nonword repetitions. We observed a main group effect, F(1,38)=7.61, P<.01, but no effect of nonword condition, F(1,38)=1.07, n.s., nor any interaction, F(1,38)<1. As can be seen in Table 3, the OME group showed a lower number of correct repetitions than the control group, for both nonword conditions. There was also a slight advantage for repeating nonwords with high phonotactic frequency patterns in both groups, although this tendency was not statistically significant. We also conducted the same analysis after exclusion of the 6 children of the OME group who had received speech and language therapy; in this case, the group effect was no more significant, F(1,32)=1.49, n.s.

Phonological awareness tasks. Performance on the rhyme judgment, phoneme detection and minimal pair discrimination tasks was assessed via a set of 2 (groups) x 3 (word, high or low phonotactic frequency nonword) mixed ANOVAs. For the rhyme probe task, a main group effect, F(1,38)=7.99, P<.01 and an effect of item type, F(2,38)=5.81, P<.01, but no significant interaction were observed. As can be seen in Table 3, performance in the OME group was lower than in the control group. The group effect also remained significant after excluding the 6 children of the OME group who had received speech and language therapy, F(1,32)=4.38,P<.05. The condition effect was further explored using planned comparisons, showing superior performance for words vs. HF nonwords, F(1,38)=13.09, P<.001, but no significant difference between HF and LF nonwords.  For the phoneme detection task, no significant group effect, F(1,38)<1, no significant condition effect, F(2,38)=1.78, n.s., were observed, nor any interaction, F(1,38)<1. For the minimal pair discrimination task, similar results were observed, except for a significant effect of condition, F(2,38)=3.29, P<.05. Further planned comparisons however revealed no significant differences between specific conditions, showing that the effect was very weak. The lack of clear condition effects is most probably related to the high performance levels of both groups on the PA tasks, leaving not much room for condition-related variability in performance. 

We also determined whether poor performance in the dichotic listening task and the phonological processing tasks were related, by performing correlation analysis between the dichotic listening task and the different phonological measures where a significant group effect was observed. No significant correlations were observed (range of correlation size: -.09-.28), suggesting that the deficits in the phonological processing tasks are not associated with the difficulties in the dichotic listening tasks
. 
Receptive vocabulary. As we have already noted, performance within normal range relative to standardized norms for the EVIP receptive vocabulary scales was one of the inclusion criteria. Nevertheless, it could be possible that vocabulary knowledge is poorer in the OME group relative to the control group. A t-test on receptive vocabulary permits to rule out this possibility, mean vocabulary scores being very close in both groups (M1=116.85; M2=120.60; t(38)<1, n.s.) (see Table 3). 
Productive vocabulary. Like for receptive vocabulary, no differences in mean productive vocabulary scores were observed (M1=65.60; M2=66.75; t(38)<1, n.s.). We also looked at the influence of word length and word frequency. A first ANOVA combining word frequency (high, medium, low) and group showed a main effect of word frequency, F(2,76)=84.72, P<.001 but no interaction between word frequency and group, F(1,76)<1, n.s. Similarly, a second mixed ANOVA revealed a highly significant word length effect, F(2,76)=205.16, P<.001, which was similar in both groups, F(1,76)<1, n.s. Means and standard deviations are displayed in Table 3.
< INSERT TABLE 3 ABOUT HERE >
Verbal short-term memory

Digit span. No differences were observed in mean digit span between both groups (M1=4.25, M2=4.30, t(38)<1, n.s.) (Table 4). 
Immediate serial recall of word and nonword lists. Number of items recalled in correct serial position did not differ between both groups, F(1,38)=1.79, n.s., but was significantly influenced by item type, F(1,38)=328.07, P<.0001; the interaction was not significant, F(1,38)<1, n.s. (Table 4).
Immediate serial recall of high and low frequency word lists. As for the previous STM task, no group effect was observed, F(1,38)<1, n.s., nor any interaction, F(1,38)<1, n.s., but high frequency words yielded consistently better recall performance than low frequency words in both groups, F(1,38)=85,66, P<.001 (Table 4).
Immediate serial recall of high and low imageability word lists. The last immediate serial recall task, comparing recall of words with high and low imageability ratings, confirmed the previous results: again, there was no group effect, F(1,38)<1, n.s., no interaction, F(1,38)<1, n.s., but high imageability words were more often recalled in correct serial position than low imageability words, F(1,38)=193,96, P<.001 (Table 4).
Rhyme and category probe tasks. The last set of tasks explored retention of phonological and lexico-semantic information, without requiring overt production of the information maintained in STM. We realized a mixed ANOVA with group and condition (rhyme or category) as dependent variables. There was no effect of group, F(1,38)<1, n.s., no interaction, F(1,38)<1, but a significant advantage for the rhyme probe condition relative to the category probe condition, F(1,38)=14.65, P<.001 (Table 4).
Paired associate word-word and word-nonword learning

A first analysis assessed the number of words or nonwords recalled during the six learning trials. The OME group and the control group did not differ on overall performance, F(1,38)<1, n.s. nor did group membership interact with stimulus condition, F(2,76)<1, n.s.; the only significant effect was a main effect of stimulus condition, F(2,76)=96,67, P<.0001 (Table 5). Planned comparisons showed better recall for words than HF nonwords, F(1,38)=60.69, P<.0001, and better recall for HF than LF nonwords F(1,38)=28.30, P<.0001. Similar results were observed for delayed recall after 20 minutes: no group effect, F(1,38)<1, n.s., no interaction, F(2,76)<1, n.s., but a main effect of stimulus condition, F(2,76)=83.23, P<.0001. Planned comparisons revealed once again better recall for words than HF nonwords, F(1,38)=109,61, P<.0001, and for HF nonwords vs. LF nonwords, F(1,38)=7.81, P<.01.
< INSERT TABLE 5 ABOUT HERE >

General discussion 
Very few significant differences between the OME group’s and the control group’s performance levels were observed in the present study. For the central auditory processing tasks, we observed significantly impaired performance in the dichotic listening task for the OME group. Similarly, we observed significant impairments at the level of phonological processing, characterized by poor performance on speeded nonword repetition and rhyme judgment. Performance on all other tasks did not differ from performance of the control group. Verbal STM and vocabulary measures yielded performance levels which were perfectly comparable to those obtained in controls, for both quantitative and qualitative measures. More precisely, qualitative measures showed normal word length and word frequency effects on the productive vocabulary task, and normal word frequency, lexicality and imageability effects for the STM experiments. Lastly, new word learning performance was also quite similar to that of the control group and we observed normal phonotactic frequency and lexicality effects.
A concern we have to rule out is the fact that the null results we have obtained for group differences in the different tasks might have been caused by lack of power of our study design related to the relatively modest sample size of both groups. First, it is important to note that for those measures where no group differences were observed, the means of both groups were virtually identical. Furthermore, we calculated effect sizes for all measures where no significant group differences were observed. Using Cohen’s d statistic, we observed very small effect sizes for these measures: mean effect size was .15 (range: -.32-.44), which is a very small effect according to the norms established by Cohen (1988). By contrast, for the measures where significant group differences were observed, mean effect size (.75) was more than 5 times larger. Thus it is very unlikely that the null results are simply a consequence of the relatively modest sample size.

The important finding of the current study is that the outcome for the most demanding tasks, i.e. verbal STM and new word learning, does not seem to be affected by a history of recurrent OME. We observed that both quantitative and qualitative aspects of verbal STM processing were completely preserved. As we have described in the introduction, good verbal STM capacities are necessary for the acquisition of a foreign language phonology and vocabulary (e.g., Service & Kohonen, 1995). The strictly normal performance in the word-nonword paired associate learning task observed in the present study suggests that new word learning capacities are indeed preserved. Thus an important component for learning foreign language seems to be preserved in children with a history of OME. However, before concluding that foreign language learning capacities are also preserved, we should remain cautious as our word-nonword paired associate learning task is at best an estimate of foreign vocabulary learning capacities, but it does not yet capture other important aspects of foreign language learning, such as morpho-syntactic and phonetic components.
Our study is also in agreement with previous findings that did not observe significant differences in verbal STM performance between children with positive or negative histories of OME (e.g., Brandes & Ehinger, 1981; Hoffman-Lawless et al., 1981; Mody et al., 1999; Schilder et al., 1994). Only Nittrouer and Burton (2005) reported a significant difference for a verbal STM task that did not require overt verbal output. The children studied by Nittrouer and Burton (2005) were younger (5 years) than the children in our study (8 years) and in other studies that have reported null-effects for verbal STM (7-10 years). Even if the results reported by Nittrouer and Burton need to be replicated as the difference between the OME group and the control group was very small and task requirements were relatively complex, they could suggest that a history of recurrent OME is initially associated with reduced verbal STM capacities, but that children will catch up with their delay later on. 

Although our results reveal no severe residual limitations of language processing, more subtle deficits are observed for the phonological processing tasks: the OME group had more difficulties in the speeded nonword identification task and for rhyme judgment. However, even if significant, the difference between the OME group and the control group was very small and disappeared for the speeded nonword identification task when excluding the 6 children of the OME group who had received speech and language therapy in addition to insertion of a trans-tympanic tube. The difficulties in these tasks cannot be related to reduced verbal STM capacity, as verbal STM performance for both word and nonword stimuli was strictly normal. A possible interpretation of these results is that, as a result of reduced auditory language input during early language development, phonological representations remain more poorly segmented. This in turn will affect processing of nonwords and rhyme judgment which require segmentation of the incoming flow of continuous speech sounds. However, a number of other results do not support this possibility. First, the influence of phonotactic frequency was comparable in the OME group and the control group for the five tasks where this effect was tested (nonword repetition, rhyme judgment, minimal pair discrimination, phoneme detection, paired associate word-nonword learning). For the detection of phonotactic regularities, the incoming sound input needs to be segmented at least at the diphone level and to be matched with stored sublexical knowledge about the sound characteristics of the native language (e.g., Vitevitch & Luce, 1998). Second, STM recall of nonwords also requires accurate segmentation of the speech input in order to transform the nonwords into phonological codes that will be stored in STM (e.g., Baddeley, 1966, 1986). The normal performance for STM of nonwords observed in this study suggests that segmentation was at least sufficient to allow accurate phonological coding and storage.

Another possibility are subtle impairments at the level of perceptual-phonological analysis itself. The nonwords (bisyllabic CVCCVC nonwords) used in the speeded nonword repetition task were indeed more complex than the nonwords (unisyllabic CVC nonwords) used in the STM and paired associate learning tasks. In the speeded nonword repetition task, the nonwords included more difficult to perceive consonant clusters which was not the case in the other tasks. The occurrence of deficits in the central auditory processing tasks also supports the possibility of deficits during early-level perceptual processing. Our results are in line with other studies which also have reported subtle differences at the level of phonetic processing. Shriberg, Kent et al. (2003) and Shriberg, Flipsen et al. (2003) reported abnormal articulatory patterns in 3- to 5-year-old children with histories of OME, characterized by backing of consonants that normally require an anterior lingual position (e.g., /G/). Nittrouer and Burton (2005) also reported related difficulties in 5-year old children with OME: they showed less steeper categorization functions for fricative-consonant continua (e.g., /Gu/ - /su/) than the control group, but no differences were observed for continua based on voice-onset-time variations (e.g., /tA/ - /dA/). These subtle impairments at the level of perceptual-phonological analysis are likely to interfere with the acquisition of the phonetic aspects of foreign languages, especially for those languages that have very uncommon phonetic features relative to a subject’s native language. Similarly, processing of uncommon proper names might also be affected. Future research should investigate these issues. 

Finally, it is interesting to note that the significant difference observed for the speeded nonword repetition task disappeared after excluding the 6 children of the OME group which had received speech and language therapy. One might have expected that performance of the OME group should be worse after exclusion of these children who have benefited from therapy and who should show improved language performance, as compared to the other children with OME who did not receive speech and language therapy. On the other hand, it is likely that these 6 children received speech and language therapy after insertion of trans-tympanic ventilation tubes because they showed the most important language delays. Although their general language development certainly benefited from speech and language therapy, therapy was seemingly not efficient in dealing with their deficits at the level of perceptual-phonological analysis which remain more important than those observed in the other children of the OME group.

To conclude, our data support recent findings suggesting that language deficits arising from fluctuant hearing loss relative to recurrent OME, if present, seem to be very subtle (Roberts et al., 2004). Hence, it is not very likely that they will represent a major handicap for final outcome of native language development, even if language development itself is initially delayed and may require speech and language therapy. Most importantly, both quantitative and qualitative aspects of verbal STM and new word learning capacities do not seem to be affected by OME. 
Appendix A. Continuing Education

1. The impact of recurrent OME before age 3 on later language outcome is best characterized by:

a. Severe deficits in phonological processing.

b. Subtle deficits in phonological processing.

c. Significant delays in standardized language measures.

d. Severe delays in productive vocabulary development.

e. All of the above.
2. Which of the following best applies for characterizing the relationship between verbal STM and language development?

a. Language and verbal STM are independent cognitive systems.

b. Phonological and lexico-semantic knowledge exert a strong influence on verbal STM performance.

c. Verbal STM capacity predicts native vocabulary development.


d. Verbal STM capacity predicts speed of acquisition for a foreign language vocabulary.


e. All of the above except a.

3. Verbal STM measures that require storage and recall of nonwords are particularly interesting for detecting subtle deficits in children with histories of OME because:


a. They are very sensitive measures of STM performance.

b. They not only require good STM capacity, but also fine grained segmentation of input phonological representations.

c. They not only require good STM capacity, but are also determined by phonotactic knowledge. 

d. They are pure measures of verbal STM capacity.

e. All of the above except d.

4. The results of the present study suggest that:

a. Outcome of OME is characterized by difficulties in learning foreign vocabularies.

b. Outcome of OME is characterized by deficient central auditory processing abilities.

c. Outcome of OME is characterized by reduced verbal STM capacity.

d. Outcome of OME is characterized by subtle deficits in perceptual-phonological processing. 


e. None of the above.
5. Which of the following best applies for treating recommendations in children with OME?

a. Children with histories of OME need no speech and language therapy, they catch up on their language delay anyway.

b. All children with repetitive OME should receive speech and language therapy in addition to insertion of trans-tympanic tubes, as they are at great risk for abnormal language development.


c. Some children with repetitive OME should receive speech and language therapy in addition to insertion of trans-tympanic tubes, especially those who continue to present significant receptive and productive language delays after normalization of hearing thresholds.


d. Some children with repetitive OME should receive speech and language therapy in addition to insertion of trans-tympanic tubes, especially those who presented the most severe hearing losses.

e. None of the above.
Response Key: 1b; 2e; 3e; 4d; 5c
References

Adams, A. M. & Gathercole, S. E. (2000). Limitations in working memory: implications for language development. International Journal of Language and Communication Disorders, 35, 95-116.

Adams, A. M. & Gathercole, S. E. (1995). Phonological working memory and speech production in preschool children. Journal of Speech and Hearing Research, 38, 403-414.

Adams, A. M. & Gathercole, S. E. (1996). Phonological working memory and spoken language development in young children. The Quarterly Journal of Experimental Psychology, 49A, 216-233.

Avons, S. E., Wragg, C. A., Cupples, L., & Lovegrove, W. J. (1998). Measures of phonological short-term memory and their relationship to vocabulary development. Applied Psycholinguistics, 19, 583-601.

Bachy, N. (1987). Approche cognitive des troubles en dénomination de l'aphasie adulte. Création et étalonnage de deux batteries d'analyse. Unpublished doctoral dissertation: University of Louvain-la-Neuve, Belgium.

Baddeley, A. D. (1966). Short-term memory for word sequences as a function of acoustic, semantic and formal similarity. Quarterly Journal of Experimental Psychology, 18, 362-365.

Baddeley, A. (1986). Working memory. Oxford, England UK: Clarendon Press/Oxford University Press.

Baddeley, A., Gathercole, S., & Papagno, C. (1998). The phonological loop as a language learning device. Psychological Review, 105, 158-173.

Bennett, K. E. & Haggard, M. P. (1999). Behaviour and cognitive outcomes from middle ear disease. Archives of Disease in Childhood, 80, 28-35.

Bowey, J. A. (1996). On the association between phonological memory and receptive vocabulary in five-year-olds. Journal of Experimental Child Psychology, 63, 44-78.

Brandes, P. J. & Ehinger, D. M. (1981). The effects of early middle ear pathology on auditory perception and academic achievement. Journal of Speech and Hearing Disorders, 24, 301-307.

Briscoe, J., Bishop, D. V. M., & Frazier-Norbury, C. (2001). Phonological processing, language, and literacy: A comparison of children with mild-to-moderate sensorineural hearing loss and those with specific language impairment. Journal of Child Psychology and Psychiatry, 42, 329-340.

Caza, N. & Belleville, S. (1999). Semantic contribution to immediate serial recall using an unlimited set of items: Evidence for a multi-level capacity view of short-term memory. International Journal of Psychology, 34, 334-338.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ: Lawrence Earlbaum Associates. 

Coltheart, M. (1981). The MRC Psycholinguistic Database. Quarterly Journal of Experimental Psychology, 33A, 497-505.

Content, A., Mousty, P., & Radeau, M. (1990). BRULEX. Une base de donnees lexicales informatisee pour le francais ecrit et parle. / BRULEX: A computerized lexical data base for the French language. Année Psychologique, 90, 551-566.

Demanez, L., Dony-Closon, B., Lhonneux-Ledoux, F., & Demanez J.P (2003). Central auditory processing assessment: a French-speaking battery. Acta Oto-rhino-laryngologica Belgica, 57, 301-310. 
Dunn, L. M. & Dunn, L. M. (1981). Peabody Picture Vocabulary Test - Revised : Manual for Forms L and M. Circle Pines, MN: American Guidance Service.

Dunn, L. M., Thériault-Whalen, C. M., & Dunn, L. M. (1993). Echelle de vocabulaire en images Peabody. Adaptation française du Peabody Picture Vocabulary Test. Toronto, Canada: Psycan.

Feldman, H. M., Dollaghan, C. A., Campbell, T. F., Colborn, D. K., Kurs-Lasky, M., Janosky, J. E. et al. (1999). Parent-reported language and communication skills at one and two years of age in relation to otitis media in the first two years of life. Pediatrics, 104, e52.
Gathercole, S. E. (1995). Is nonword repetition a test of phonological memory or long-term knowledge? It all depends on the nonwords. Memory and Cognition, 23, 83-94.

Gathercole, S. E. & Adams, A. M. (1994). Children's phonological working memory: Contributions of long-term knowledge and rehearsal. Journal of Memory and Language, 33, 672-688.

Gathercole, S. E. & Adams, A. M. (1993). Phonological working memory in very young children. Developmental Psychology, 29, 770-778.

Gathercole, S. E. & Baddeley, A. D. (1993). Phonological working memory: A critical building block for reading development and vocabulary acquisition? European Journal of Psychology of Education, 8, 259-272.

Gathercole, S. E. & Baddeley, A. D. (1990). Phonological memory deficits in language disordered children: Is there a causal connection?  Journal of Memory and Language, 29, 336-360.

Gathercole, S. E. & Baddeley, A. D. (1989). Evaluation of the role of phonological STM in the development of vocabulary in children: A longitudinal study. Journal of Memory and Language, 28, 200-213.

Gathercole, S. E., Frankish, C. R., Pickering, S. J., & Peaker, S. (1999). Phonotactic influences on short-term memory. Journal of Experimental Psychology: Human Learning and Memory, 25, 84-95.

Gathercole, S. E., Willis, C., & Baddeley, A. D. (1991). Differentiating phonological memory and awareness of rhyme: Reading and vocabulary development in children. British Journal of Psychology, 82, 387-406.

Gupta, P. & MacWhinney, B. (1997). Vocabulary acquisition and verbal short-term memory: computational and neural bases. Brain and Language, 59, 267-333.

Hanten, G. & Martin, R. C. (2001). A developmental phonological short-term memory deficit: A case study. Brain and Cognition, 45, 164-188.
Hartley, T. & Houghton, G. (1996). A linguistically constrained model of short-term memory for nonwords. Journal of Memory and Language, 35, 1-31.

Hoffman-Lawless, K., Keith, R. W., & Cotton, R. T. (1981). Auditory processing abilities in children with previous middle ear effusion.  Annals of Otology, 90, 543-545.

Hulme, C., Maughan, S., & Brown, G. D. (1991). Memory for familiar and unfamiliar words: Evidence for a long-term memory contribution to short-term memory span. Journal of Memory and Language, 30, 685-701.

Kindig, J. S. & Richards, H. C. (2000). Otitis media: precursor of delayed reading. Journal of Pediatric Psychology, 25, 15-18.

Klausen, O., Moller, P., Holmefjord, A., Reisaeter, S., & Asbjornsen, A. (2000). Lasting effects of otitis media with effusion on language skills and listening performance. Acta Otolaryngologica, 543 (Suppl), 73-76.

Lindsay, R. L., Tomazic, T., Whitman, B. Y., & Accardo, P. J. (1999). Early ear problems and developmental problems at school age. Clinical Pediatrics, 38, 123-132.

Majerus, S. & Van der Linden, M. (2003). The development of long-term memory effects on verbal short-term memory : A replication study.  British Journal of Developmental Psychology, , 303-310.

Majerus, S., Van der Linden, M., Poncelet, M., & Metz-Lutz, M. N. (2004). Can phonological and semantic short-term memory be dissociated? Further evidence Landau-Kleffner Syndrome. Cognitive Neuropsychology, 5, 491-512.
Majerus, S., Van der Linden, M., Mulder, L., Meulemans, T., & Peters, F. (2004). Verbal short-term memory reflects the sublexical organization of the phonological language network: Evidence from an incidental phonotactic learning paradigm. Journal of Memory and Language, 51, 297-306.

Martin, R. C., Shelton, J. R., & Yaffee, L. S. (1994). Language processing and working memory: Neuropsychological evidence for separate phonological and semantic capacities. Journal of Memory and Language, 33, 83-111.

Maw, R., Wilks, J., Harvey, I., Peters, T. J., & Golding, J. (1999). Early surgery compared with watchful waiting for glue ear and effect on language development in preschool children: a randomized trial. The Lancet, 353, 960-963.
Michas, I. C. & Henry, L. A. (1994). The link between phonological memory and vocabulary acquisition. British Journal of Developmental Psychology, 12, 147-164.

Mody, M., Schwartz, R. G., Gravel, J. S., & Ruben, R. J. (1999). Speech perception and verbal memory in children with and without histories of otitis media. Journal of Speech, Language and Hearing Research, 42, 1069-1079.

Nittrouer, S. & Burton, L. T. (2001). The role of early language experience in the development of speech perception and language processing abilities in children with hearing loss. Volta Review, 103, 5-37.

Nittrouer, S. & Burton, L.T. (2005). The role of early language experience in the development of speech perception and phonological processing abilities: evidence from 5-year-olds with histories of otitis media with effusion and low socioeconomic status. Journal of Communication Disorders, 38, 29-63.

Paradise, J. L., Dollaghan, C. A., Campbell, T. F., Feldman, H. M., Bernard, B. S., Colborn, D. K. et al. (2000). Language, speech sound production, and cognition in three-year-old children in relation to otitis media in their first three years of life. Pediatrics, 105, 1119-1130.

Paradise, J. L., Feldman, H. M., Campbell, T. F., Dollaghan, C. A., Colborn, D. K., Bernard, B. S. et al. (2001). Effect of early or delayed insertion of tympanostomy tubes for persistent otitis media on developmental outcomes at the age of three years. New England Journal of Medicine, 344, 1179-1187.

Raven, J. C., Court, J. H., & Raven, J. (1998). Progressive Matrices couleur. Oxford, UK: Oxford Psychologists Press.

Roberts, J. E., Burchinal, M. R., Zeisel, S. A., Neebe, E. C., Hooper, S. R., Roush, J. et al. (1998). Otitis media, the caregiving environment, and language and cognitive outcomes at two years. Pediatrics, 102, 346-354.

Roberts, J. E., Burchinal, M. R., Jackson, S. C., Hooper, S. R., Roush, J., Mundy, M. et al. (2000). Otitis media in early childhood in relation to preschool language and school readiness skills among black children. Pediatrics, 106, 725-735.

Roberts, J. E., Burchinal, M. R., & Zeisel, S. A. (2002). Otitis media in early childhood in relation to children's school-age language and academic skills. Pediatrics, 110, 696-706.

Roberts, J. E., Rosenfeld, R. M., & Zeisel, S. A. (2004). Otitis media and speech and language: A meta-analysis of prospective studies.  Pediatrics, 113, e238-e248.

Roodenrys, S., Hulme, C., & Brown, G. (1993). The development of short-term memory span: Separable effects of speech rate and long-term memory. Journal of Experimental Child Psychology, 56, 431-442.

Rosenfeld, R. M., Bhaya, M. H., Bower, C. M., Brookhouser, P. E., Casselbrant, M. L., Chan, K. et al. (2000). Impact of tympanostomy tubes on child quality of life. Archives of Otolaryngology-Head and Neck Surgery, 126, 585-592.

Rovers, M. M., Straatman, H., Ingels, K., van der Wilt, G. J., van den Broek, P., & Zielhuis, G. A. (2000). The effect of ventilation tubes on language development in infants with otitis media with effusion: A randomized trial. Pediatrics, 106, e42-e50.

Schilder, A. G., Snik, A. F. M., Straaman, H., & van den Broek, P. (1994). The effect of otitis media with effusion at preschool age on some aspects of auditory perception at school age. Ear and Hearing, 15, 224-231.

Service, E. (1992). Phonology, working memory, and foreign-language learning. Quarterly Journal of Experimental Psychology: Human Experimental Psychology, 45A, 21-50.

Service, E. & Kohonen, V. (1995). Is the relation between phonological memory and foreign language learning accounted for by vocabulary acquisition? Applied Psycholinguistics, 16, 155-172.

Shriberg, L. D., Flipsen, P., Thielke, H., Kwiatkowski, J., Kertoy, M. K., Katcher, M. L. et al. (2000). Risk for speech disorder associated with early recurrent otitis media with effusion: two retrospective studies. Journal of Speech, Language and Hearing Research, 43, 79-99.

Shriberg, L. D., Friel-Patti, S., Flipsen, P., & Brown, R. L. (2000). Otitis media, fluctuant hearing loss, and speech-language outcomes: a preliminary structural equation model. Journal of Speech, Language and Hearing Research, 43, 100-120.

Shriberg, L. D., Flipsen, P., Kwiatkowski, J., & McSweeny, J. L. (2003). A diagnostic marker for speech delay associated with otitis media with effusion: the intelligibility-gap. Clinical Linguistics and Phonetics, 17, 507-528.

Shriberg, L. D., Kent, R. D., Karlsson, H. B., McSweeny, J. L., Nadler, C. J., & Brown, R. L. (2003). A diagnostic marker for speech delay associated with otitis media with effusion: backing of obstruents. Clinical Linguistics and Phonetics, 17, 529-547.

Tubach, J. L. & Boe, L. J. (1990). Un corpus de transcription phonétique. France: Telecom.
Vitevitch, M. S. & Luce, P. A. (1999). Probabilistic phonotactics and neighborhood activation in spoken word recognition. Journal of Memory and Language, 40, 374-408.

Vitevitch, M. S. & Luce, P. A. (1998). When words compete: Levels of processing in perception of spoken words. Psychological Science, 9, 325-329.

Acknowledgments
Steve Majerus is a Postdoctoral Researcher at the Belgian National Fund of Scientific Research (FNRS). We are extremely grateful for the children’s patience and interest during the administration of the experiments.
Table 1.

Characteristics of the patient and control groups

	
	Patient group
	Control group

	Mean age at time of study
	8;2 years (7;7-9;2)
	8;2 years (7;7-9;2)

	Mean age at insertion of ventilation tube
	3;4 years (1;9-4;9)
	/

	Mean hearing loss at time of surgery
	38.8 dB (20-50)
	/

	Mean hearing loss at time of study
	8 dB (0-13)
	8 dB (0-13)

	CPM Raven
	27.1 (4.19)
	27.5 (4.5)


Table 2.

Mean performance and standard deviations for the OME group and the normative control group from Demanez et al. (2003) on central auditory processing tasks
	
	Patient group
	Normative control group

	Dichotic listening
	37.6 (11.5)**
	53.2 (12.9)

	Speech-in-noise
	52.3 (3.84)
	53.7 (2.8)

	Masking-level difference
	3.3 (.99)
	3.8 (1.5)

	Pitch pattern recognition
	11.2 (7.29)
	12.4 (5.2)

	Duration pattern recognition
	8.25 (6.21)
	10.6 (4.5)


** significant at p<.05
Table 3.

Mean performance and standard deviations for the OME group and the control group on the phonological and lexico-semantic language processing tasks
	
	Patient group
	Control group

	Nonword speeded repetition
     High phonotactic frequency

     Low phonotactic frequency
	32.1 (8.91)**
31.3 (9.70)**
	38.5 (6.35)

37.3 (5.06)

	Rhyme judgment
     Words

     Nonwords (High phonotactic frequency)

     Nonwords (Low phonotactic frequency)
	8.75 (1.33)**
8.00 (0.92)**
8.50 (1.43)**
	9.65 (0.93)

8.80 (1.11)

8.85 (1.14)

	Minimal pair discrimination
     Words

     Nonwords (High phonotactic frequency)

     Nonwords (Low phonotactic frequency)
	9.00 (1.12)

9.60 (0.50)

9.60 (0.60)
	9.25 (0.86)

9.45 (0.76)

9.45 (0.69)

	Phoneme detection
     Words

     Nonwords (High phonotactic frequency)

     Nonwords (Low phonotactic frequency)
	9.25 (1.02)

9.50 (0.83)

9.00 (1.12)
	9.35 (0.88)

9.45 (0.69)

9.35 (0.99)

	Receptive vocabulary (EVIP)
	116.85 (15.47)
	120.65 (9.53)

	Productive vocabulary (Bachy)
	65.6 (8.02)
	66.7 (8.23)


** significant at p<.05

Table 4.

Mean performance and standard deviations for the OME group and the control group on the verbal short-term memory tasks

	
	Patient group
	Control group

	Digit span
	4.25 (1.07)
	4.30 (0.80)

	Immediate serial recall tasks
     Words

     Nonwords 

     High frequency words
     Low frequency words

     High imageability words

     Low imageability words
	34.65 (8.31)

20.90 (7.22)

40.50 (15.90)

32.60 (13.96)

43.40 (13.96)

31.10 (13.86)
	37.35 (5.59)

23.45 (4.97)

43.70 (11.45)

35.60 (11.32)

45.70 (12.16)

32.60 (9.75)

	Probe tasks

     Rhyme probe task

     Category probe task
	27.90 (4.72)

24.75 (4.48)
	27.10 (3.45)

24.50 (3.05)


Table 5.

Mean performance and standard deviations for the OME group and the control group on the word-word and word-nonword paired associate learning tasks

	
	Patient group
	Control group

	Items recalled over the 6 learning trials (max=18)
     Words

     Nonwords (High phonotactic frequency)

     Nonwords (Low phonotactic frequency)
	14.05 (3.76)

6.3 (4.45)

4.2 (3.00)
	13.85 (2.94)

8.2 (3.91)

3.9 (2.86)

	Delayed recall (max=3)     

     Words

     Nonwords (High phonotactic frequency)

     Nonwords (Low phonotactic frequency)
	2.35 (0.99)

0.70 (0.86)

0.50 (0.95)
	2.60 (0.82)

1.05 (0.94)

0.35 (0.59)


� Following  a procedure proposed by Caza & Belleville (1999), the imageability ratings were determined on the basis of the English translations of the French words and looked up in the MRC Psycholinguistic Database (Coltheart, 1981) because imageability ratings were not provided for a sufficient number of words in the French database (Content et al., 1990). 


� We further had conducted correlation analyses between age at insertion of trans-tympanic tubes or severity of hearing loss and those phonological language measures where we obtained significant group effects. None of these correlations were significant. For example, correlations between age of placement of tubes and dichotic listening, speeded nonword repetition, rhyme judgment for words, high frequency nonwords and low frequency nonwords were -.14, .17, -.19, .14 and .17, respectively, all non significant. However, it is somewhat difficult to interpret these non-significant correlations due to the relatively small sample size of our OME group.
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