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On-line lexical competition during spoken word recognition and word learning in children and adults
Running Head: On-line lexical competition in children

Abstract

Lexical competition that occurs as speech unfolds is a hallmark of adult oral language comprehension crucial to rapid incremental speech processing. This study used pause detection to examine whether lexical competition operates similarly at 7-8-years and tested variables that influence ‘on-line’ lexical activity in adults. Children (n=20) and adults (n=17) were slower to detect pauses in familiar words with later uniqueness points. Faster latencies were obtained for words with late uniqueness points in constraining compared to neutral sentences; no such effect was observed for early unique words. Following exposure to novel competitors (“biscal”), children (n=18) and adults (n=18) showed competition for existing words with early uniqueness points (“biscuit”) after 24-hours. Thus, on-line lexical competition effects are remarkably similar across development.  
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Oral language comprehension is vital for academic and social success, and determining how children become proficient at lexical processing is crucial for understanding how best to promote oral language comprehension across development. Healthy adults process their native language with remarkable efficiency, comprehending 120-200 words per minute in everyday speech (Crystal & House, 1990); moreover adult listeners typically use phonetic information as soon as it becomes available and can identify words long before they end (Marslen-Wilson, 1987).  There is evidence to suggest that children as young as two also recognize spoken words incrementally (Swingley, Pinto & Fernald, 1999). One phenomenon crucial to rapid incremental speech processing is lexical competition, which occurs as multiple lexical candidates are activated in parallel and compete for recognition. Incremental lexical competition has been emphasized by many models of word recognition (e.g., Gaskell & Marslen-Wilson, 2002; McClelland & Elman, 1986; Norris, 1994). According to the Cohort model (Marslen-Wilson & Zwitserlood, 1989) lexical competition occurs ‘on-line’ between phonologically similar words up to the uniqueness point: the point at which only one word in the lexicon matches the speech input. Lexical competition is clearly demonstrated by the finding that adults’ responses to words with late uniqueness points are slower than responses to words with early uniqueness points (Mattys & Clark, 2002). 
Competition between lexical candidates and the rapid selection of a single lexical entry are key components of efficient and mature speech processing. Although there is considerable evidence for on-line lexical competition in adults (Gaskell & Dumay, 2003; Mattys & Clark, 2002) it is unclear whether this operates similarly in the developing lexicon. Such research is important for refining current models of word recognition by revealing which aspects vary across development. Infant studies indicate that there may be a link between efficient speech processing and vocabulary growth (e.g., Fernald & Marchman, 2012) highlighting the importance of understanding whether children make use of speech information incrementally, as it becomes available. Hence, lexical competition may play a crucial role in the oral comprehension of existing language as well as in the acquisition of new language. Moreover, lexical competition may be impaired in children with specific language impairment (McMurray et al., 2010), so understanding the nature of lexical competition in typical development should inform models of language disorder. There is ample evidence in children from paradigms that measure lexical competition at the end-point of word recognition (e.g., Garlock, Walley & Metsala, 2001; Metsala, Stavrinos & Walley, 2009; Munson, Swenson & Manthei, 2005), but little from paradigms measuring incremental lexical activity prior to a word’s completion.  It remains possible that the above competition effects reflect off-line identification (i.e., competition between word candidates at the end-point of word recognition) rather than a continually updated competition based initially on partial information (referred to here as early lexical competition) that characterizes adult lexical processing. Our initial aim was to determine the properties and extent of early lexical competition in the developing lexicon during spoken word recognition by using the pause detection paradigm for the first time in children. Further, our aim was to examine how any early competition effects can be affected by two key parameters that are influential in adults: the semantic fit between lexical candidates and their preceding sentential context, and the acquisition of novel competitors. In combination, these experiments provide a thorough examination of the nature of lexical competition in children, addressing whether word recognition by children is an on-line, incremental process, thereby promoting a deeper understanding of the mechanisms underlying both spoken word recognition and acquisition across development. 
Lexical competition in the developing lexicon: Single word recognition
Preferential looking studies suggest that by 2 years of age children process spoken words incrementally (e.g., Fernald, Pinto, Swingley, Weinberg & McRoberts, 1998; Fernald, Swingley & Pinto, 2001; Swingley, Pinto & Fernald, 1999). However, neurophysiological data incorporating a finer temporal resolution suggest that spoken-word recognition does not reach adult-like levels until after age 7, calling into question whether evidence of incrementality requires on-line processing. Ojima, Matsuba-Kurita, Nakamura and Hagiwara (2011) found that the N200 onset to spoken words (argued to reflect phonological mismatch) decreased by approximately 70 ms from 7 to 9 years of age but remained stable between 9 and 11 years. This suggests that the speed (or automaticity) with which spoken words are processed continues to develop until at least 9 years of age. 
Several studies have examined lexical competition across development using tasks such as lexical decision, nonword repetition and gating (e.g., Garlock et al, 2001; Metsala et al., 2009; Munson et al., 2005; Sekerina & Brooks, 2007). Their findings suggest that the strength of lexical competition effects depends on both chronological age and the age at which a word is acquired. Using nonword repetition, Munson et al. (2005) found that 7-year-olds showed lexical competition effects (slower responses for words with higher neighborhood density) whereas 4-year-olds showed no such effects. Metsala et al. (2009) found for 7- and 9-year-olds an inhibitory effect of neighborhood density in repetition was limited to highly familiar early-acquired words. These findings suggest that lexical competition may be more difficult to detect in younger children as a result of them knowing fewer words and having less dense lexical neighborhoods. 
According to the ‘lexical restructuring’ hypothesis word recognition is accomplished via holistic processes early in language acquisition. Lexical representations are argued to become more fine-grained over time, as the need to distinguish between similar forms increases (Metsala & Walley, 1998; Nittrouer, 1996; Ziegler & Goswami, 2005) and as children discover sublexical sound-spelling mappings through reading (Nation & Hulme, 2011). Even at 7-8 years, phonological (Storkel & Rogers, 2000) and orthographic (Castles, Davis, Cavalot & Forster, 2007) representations appear to be more loosely specified than in adulthood, supporting the view that word recognition does not become adult-like until after this age (Ojima et al., 2011). If word recognition is indeed more holistic in young children then it is feasible that their lexical competition will occur only after word offset. Consistent with this, Sekerina and Brooks (2007) used the visual world paradigm and showed longer residual competition effects for words in children relative to adults. By this view, as development proceeds lexical competition will become more on-line and incremental, leading to heightened use of partial information during the course of a word’s perception. 
Immature lexical processing has also been linked to inefficiencies in suppressing competitors during lexical access. McMurray et al. (2010) used a visual world paradigm to examine online spoken word recognition. Eye movements were monitored to target and competitor items as an index of lexical activation. Adolescents with poorer language skills showed fewer looks to the targets and more to competitors than adolescents with good language skills. Importantly, the competitor effects were late, possibly due to heightened competition at word-offset rather than during incremental speech perception. Similarly, Mainela-Arnold, Evans and Coady (2008) used the gating paradigm and found larger phonological competition effects in children with specific language impairment relative to their peers. Language-impaired children exhibited increased competition after the uniqueness point, supporting the view that these competition effects occur late during word recognition. Lexical competition has also been found to be impaired in individuals with literacy difficulties (e.g., Huettig, Singh, & Mishra, 2011; Ziegler & Muneaux, 2007). There is no consensus on how to interpret the presence or absence and magnitude of lexical competition effects in children of different ages and language abilities across different tasks, yet the issue of competition is fundamental to understanding how lexical processing develops. 
The tasks used to measure lexical competition in previous developmental studies have a number of facets that limit their interpretation. Gating requires explicit awareness of potential lexical candidates, which may dilute competition effects. Repetition tasks reflect speech production as well as perception.  Most critically, few of these tools provide a truly on-line indicator of incremental lexical competition as the speech string unfolds (although cf. Sekerina & Brooks, 2007). In the paradigms described above, the observed competition effect might reflect lexical activity only at the end of a word.
One possible solution to these limitations is to use the pause detection paradigm, which holds many advantages over other tasks but has not been previously used in children. Mattys and Clark (2002) showed that the speed with which listeners detect silent pauses in words provides an on-line indicator of lexical activity in adults. When a short pause is inserted into a word at a point where there are few alternative completions (e.g., “bisc_uit”) it is detected faster than when the word has several alternatives for completion (e.g., “cabb_age/in/inet”). Pause detection latencies are argued to be influenced by processing resource availability: latencies are faster when a single lexical candidate has been isolated by the time the pause is encountered because more resources are available for pause detection.  The task thus provides an index of lexical activity at the point where the pause is inserted rather than the end of the word. Moreover, it does not require an explicit linguistic judgment, which is important given that children have poorer metalinguistic awareness than adults (Edwards & Kirkpatrick, 1999). Hence, the first aim of the present study was to use the pause detection paradigm to determine whether children show lexical competition effects prior to stimulus completion, indicative of adult-like incremental lexical processing. 
Lexical competition in the developing lexicon: Sentence processing
A second aim was to examine whether sentence context modulates early on-line lexical competition in children. When adults process connected speech, competition is thought to depend not only on lexical factors but also on their interaction with semantic and syntactic information (Connine & Clifton, 1987; Nittrouer & Boothroyd, 1990). By some accounts, lexical and semantic processes are heavily interactive, and their integration occurs early during spoken word recognition (Tabossi, 1988). The opposing modular stance assumes that initial lexical selection occurs without any influence of sentence context, but this is followed by a contextual integration process that allows the appropriate meaning to be selected (Swinney, 1979). Evidence from adults largely supports the interactionist account. For instance, Mattys et al. (2005) asked participants to detect 200 ms pauses in sentence-final words. For words with early uniqueness points, constraining versus neutral sentence contexts had little influence on pause detection latency. However, for words with late uniqueness points, constraining contexts decreased pause detection latencies relative to neutral contexts, suggesting that lexical selection can be brought forward in time if the preceding sentence context is compatible. Moreover, this finding indicates that context can exert an influence on lexical processing even as the speech sequence is unfolding.
It is unclear whether children’s contextual processing is fast enough to strongly constrain lexical activity that is elicited early in word recognition. Khanna and Boland (2010) found that 7-9-year-olds were equally fast at naming target words preceded by congruently related, incongruently related and neutral ambiguous spoken sentences, whereas 9-10-year-olds and adults showed facilitation for the congruently related and neutral conditions. Thus, the 7-9-year-olds showed more ‘modular’ lexical-contextual processing (see also Booth, Harasaki & Burman, 2006). In contrast, 8-year-olds in Henderson, Clarke and Snowling (2011) showed facilitation when naming picture associates of homonyms (e.g., river) when they were preceded by biased (“John fished from the bank”) than neutral sentences but did not show facilitation when the pictures were preceded by inappropriately related sentences (“John stole from the bank”). Similarly, studies that use word recognition in noise have reported that children use sentence context in the service of word recognition to the same extent as adults (e.g., Nittrouer & Boothroyd, 1990). However, previous paradigms cannot determine the extent to which lexical activity early in word recognition is influenced by context as the critical word is being processed. Thus, none of these studies have examined interactivity and autonomy during early stages of word recognition. Children’s lexical systems may be just as interactive as adults but their slower processing speeds make this interactivity harder to detect, particularly in tasks such as sentence priming which arguably carries greater demands than naturalistic speech processing. This again motivates the use of pause detection as a more on-line measure of lexical-contextual processing in children. 
Lexical competition during novel word learning
Another factor that modulates lexical competition in adults is the acquisition of new words. Once a new word has been learned and integrated with existing lexical knowledge it should compete with similar-sounding words in recognition (Gaskell & Dumay, 2003).  Lexical competition can therefore provide an indicator of when a novel word has been incorporated into the lexicon. However, it is currently unclear whether lexical competition is altered by the acquisition of new words in children, as it appears to be in adults, since we lack the vital evidence that lexical competition is on-line and incremental for children. 
Evidence of early lexical competition between existing words and novel competitors would provide perhaps the clearest support for the on-line influence of lexical parameters such as uniqueness point on word identification in children. As highlighted by Bowers, Davis and Hanley (2005) it is often difficult to match lists of words on all relevant characteristics. Any comparison of different sets of early and late unique words is therefore subject to some uncertainty. One strategy that can be used to circumvent this problem is to take a set of existing words with early uniqueness points (e.g., biscuit) and manipulate the presence of a lexical competitor by introducing novel words (e.g., biscal) into participants’ lexicons. Gaskell and Dumay (2003) showed that pause detection latencies in such cases become slower once adults learn the novel competitor. However, this effect does not emerge immediately after learning the novel items. Later studies suggested that sleep is important for the consolidation of new words and plays an important role in the emergence of lexical competition between novel nonwords and their existing competitors in adults (Dumay & Gaskell, 2007). 
Might such sleep-associated consolidation effects be found in development? Recognition of novel words has been shown to improve one week after initial training in 3-6 year old children (e.g., Storkel, 2001; Storkel & Lee, 2011) and 24 weeks later in 6-7 year olds (Dockrell, Braisby, & Best, 2007). However, Rice, Oetting, Marquis & Bode (1994) found no such improvements in recall after 3 days for 4-6 year old children with specific language impairment in marked contrast to age-matched controls who made significant gains over the delay.  This finding may indicate that children with specific language impairment exhibit impaired consolidation of new words.  Hence, a more precise understanding of whether consolidation effects occur in typically developing children would enable further investigation of these processes in a range of developmental language disorders.

A recent study also examined changes in explicit memory representations for novel words in children. Brown, Weighall, Henderson & Gaskell (2012) exposed children aged 6-8 and 11-13 years to novel nonwords (“brambooce”) and tested them on recognition and recall of these nonwords immediately and after 4 or 24-hours. The key finding was that both age groups showed clear improvements in recall after 24-hours, suggesting a role for off-line consolidation in word learning across development. In a first attempt to measure changes in lexical competition after off-line consolidation, children also made lexical decisions to similar sounding existing words (“bramble”) and control words. Weak and unreliable lexical competition effects were found both immediately and 24-hours after training. A tentative explanation of these data could be that children do not need a consolidation period before novel words are integrated into the lexical competition process. Since children have smaller vocabularies they may integrate new words with their neighbors faster than adults, without overwriting existing information (O’Reilly, 2006). However, there was substantial variability in the lexical competition effects. Moreover, the finding of competition immediately after exposure contradicts previous findings that lexical competition effects for familiar words are present in children but only for early acquired words (Garlock et al., 2001; Munson et al., 2005).  As such it remains in doubt whether the time-course of lexical integration of a novel item is the same for children and adults. Critically, there is considerable uncertainty as to whether children show incremental lexical competition effects similar to adults when on-line paradigms are used and therefore whether lexical competition is a suitable indicator of lexical integration in children. Pause detection may show greater sensitivity to lexical competition in children than lexical decision, which has higher executive demands, relies on explicit lexical knowledge, and leads to slow and variable response times (cf. Moret-Tatay & Perea, 2011).
The present study
We used pause detection to address three interrelated research questions that examine whether children’s word recognition is on-line, competitive and incremental as it is in adults: (1) Do children show incremental lexical competition effects when recognizing words with late versus early uniqueness points and are these effects comparable to adults? (2) Can lexical activity elicited early during word recognition be influenced by semantic context in children as in adults? (3) Is lexical competition influenced by the acquisition of a phonologically-similar novel nonword in children, and is the time-course with which these effects emerge similar for children and adults? Answering these questions will address whether typically-developing children show hallmarks of adult spoken language processing, specifically focusing on early incremental lexical competition. Questions (1) and (2) are important in determining whether automatic lexical competition characterizes the developing lexicon as it does in adulthood. Question (3) goes further in testing whether automatic lexical competition can be used as an index of lexical integration in children.  Furthermore, in addressing questions (2) and (3) we aimed to establish whether early lexical activity is flexible in children, namely, whether lexical activity can be altered by context and by the introduction of a novel competitor. Characterizing lexical competition effects in typical development is crucial given that inefficiencies in resolving lexical competition are implicated in language disorders (e.g., McMurray et al., 2010: Huettig et al., 2011), and the broader implications of efficient speech processing for vocabulary development (Fernald & Marchman, 2012).  Children aged 7-8 years were examined because their lexical processing does not yet appear to be fully adult-like (Ojima et al., 2011), they are continually exposed to a high volume of new words, and vocabulary learning remains crucial to academic achievement.
Experiment 1
Experiment 1 addressed the first 2 research questions, examining lexical competition in children and adults in single-word and sentence contexts. For both isolated-word and sentential processing, we predicted that pause detection latency would be faster for existing words with early rather than late uniqueness points. Based on the view that competition is an indicator of incremental processing associated with mature lexical access, we predicted that this lexical competition effect would be weaker in children than in adults. We predicted that the magnitude of competition in children would be positively correlated with lexicon size (receptive vocabulary), based on the finding that children with smaller vocabularies exhibit weaker competition from small phonological units (Storkel & Hoover, 2011). Similarly, we predicted that the magnitude of competition would be positively correlated with phoneme awareness in children, based on the argument that better specified phonemic representations are more likely to engage in competition with onset competitors. More generally, we predicted that age of acquisition (AoA) ratings for the experimental stimuli would be negatively correlated with pause detection latency, given that early acquired words are responded to faster than later acquired words (Metsala et al., 2009).  
We predicted that adults would show faster pause detection latency for words with late uniqueness points when those words are embedded in constraining sentence context (relative to a neutral context condition) whereas there should be no effect of context for early unique words (Mattys et al, 2005). The equivalent predictions for children were difficult to make. However, if sentential context interacts with lexical activity early in speech processing in children as in adults, then one would predict an effect of context for words with late but not early uniqueness points (cf. Mattys et al., 2005). However, if children’s lexical-contextual processing is modular then this interaction should only be present for adults and no effect of context would be expected for words with early or late uniqueness points in children. The same hypotheses for correlations between language variables and lexical competition in the single-word task were made for the sentence task.
Method
Participants
Twenty children (10 males) aged 7.3–8.2 years old (mean 7.69 years; SD=0.28 years) and 17 adults (5 males) aged 18.2–23.7 years old (mean 20.08 years; SD=1.29 years) participated. All were native English speakers, had no reported learning disabilities, and had normal or corrected-to-normal vision and hearing. Informed parental consent was obtained for the children, recruited from mainstream schools representing a range of socio-economic statuses. Adults were undergraduate students at the University of York and provided written consent. Both groups had a normal range of standard scores on receptive vocabulary (the Peabody Picture Vocabulary Test 4th Edition; Dunn & Dunn, 2007; children mean 109.50, SD=6.87, adult mean 107.71, SD=9.90) and a normal range of phoneme awareness standard scores (Phoneme Elision subtest, Comprehensive Test of Phonological Processing; Wagner, Torgesen & Rashotte, 1997; children mean 11.45, SD=2.70, adult mean 9.65, SD=1.11). 
Stimuli

Stimuli were recorded on a Pioneer PDR 509 system by a female native English speaker. Following Gaskell and Dumay (2003), 200 ms pauses were inserted immediately before the final vowel for bisyllable words and immediately before final syllable for trisyllables. For both single-word and sentence tasks the proportion of items containing pauses was 60%.
Single-word task
Fifty-two bisyllable and trisyllable words were used: 26 had late uniqueness points, with at least two possible continuations at the end of their initial fragment (e.g., cabbage, where the fragment cab is consistent with cabbage, cabin and cabinet), and 26 had early uniqueness points and were uniquely identifiable at the end of their initial fragment (e.g., brek is unique to breakfast). The mean phonemic uniqueness point of the late unique words was significantly later than for the early unique words (t=7.07, p<.001). The lists of words with early and late uniqueness points were matched on duration, letter and syllable length, phonological neighbors, familiarity (Wilson, 1988), and frequency (Children’s Printed Word Database, www.essex.ac.uk/psychology/cpwd). Stimuli were rated for AoA by 21 adults, with no significant difference between early unique (mean 5.85 years, SD=1.10 years) and late unique (mean 6.06 years, SD=1.21 years) conditions (p>.05). Fifty-two filler words without a pause were included, plus 26 filler words that contained pauses in earlier positions. Fillers were matched to experimental stimuli on letter length, frequency and initial letter. 
Children also completed a lexical decision task to measure their familiarity with the competitors of the late uniqueness point words (e.g., cabinet and cabin for cabbage).  The competitors (n=58) were presented via headphones in addition to an equal number of phonetically plausible nonsense words. Items with <75% accuracy were removed from analyses of lexical competition for both age groups. Matched items in the early unique list were also removed to maintain equal item numbers in each condition. Following this procedure, 18 items remained in each of the late and early uniqueness point conditions. The stimuli used and their properties are provided as supplementary materials (S1 and S2). A control experiment ruled out the possibility that any observed difference in conditions could be due to differences in acoustic rather than lexical properties of the stimuli (see S3). 
Sentence task

The 26 words with late uniqueness points and 26 words with early uniqueness points were used as sentence-final words in two conditions: The constraining condition provided a semantically constraining context for the word whereas the neutral condition provided a non-constraining context (S4). Constraining and neutral sentences were matched for syntactic structure, number of words and acoustic duration. Fillers comprised 104 sentences that contained no pauses and 52 sentences that contained earlier pauses at a range of positions within the sentences. Half of the fillers were constraining; the others ended with the same words but were neutral. A sentence-completion task was administered to the same participants who provided AoA ratings to ensure the sentences in the constraining condition had higher cloze probability than the sentences in the neutral condition (S5).
Design and procedure
Participants heard all items in all conditions.  All participants attended three experimental sessions on different days (roughly a week apart). The first comprised the single-word task. The stimulus list was split into two blocks separated by a 5-min break. Each block contained half of the early unique and late unique words, half of the fillers without pauses and half of the fillers with earlier pauses. The sentence task was administered in the second and third sessions so that a word only occurred once in each session (half in the constraining and half in the neutral condition) with the order counterbalanced across participants. All experimental tasks in this paper were run on a laptop PC using DMDX (Forster & Forster, 2003) with a gamepad for responses and headphones for auditory stimuli. The blocks and the items within them were pseudo-randomized.

Children were tested individually in a quiet room in school; adults were tested individually in a laboratory. The single-word task was administered in Session 1. Each trial began with a 2000 ms fixation cross. The word was then presented and simultaneously a green circle containing the word ‘Pause’ and a red circle containing the word ‘No Pause’ appeared on the screen.  Participants were instructed to listen carefully to each word and press a green button if they heard a short silent pause or a red button if not. Participants were instructed to respond as quickly and carefully as possible. Six practice items with corrective feedback were administered. No feedback was given for experimental items. Accuracy and RT (from pause onset) were recorded.  After the single-word pause detection task, children completed standardized measures of receptive vocabulary and phoneme awareness, and the lexical decision task. The sentence task was run in the same way in Sessions 2 and 3. 
At the end of the experiment, children completed a picture-word matching task to measure their familiarity with the words. Each experimental item was depicted as a picture and presented with three distracters in a quadrant. The location of the target picture was pseudo-randomized. Children were unable to correctly identify the matching picture for a mean of 0.80 items (out of 18) in the late unique condition (SD=0.83) and 0.40 items (out of 18) in the early unique condition (SD=0.11), p>.05. Unfamiliar items on this task were removed from statistical analysis participant-by-participant.
Results 
RTs were analyzed for correct responses.  Extreme RTs (<200ms and >2.5 SDs from the condition mean) were removed: Single-word task, Adults, late unique=1.70% (SD=3.12%), early unique=3.78% (SD=3.67%), Children, late unique=2.86% (SD=3.59%), early unique=2.14% (SD=3.36%); Sentence task, Adults, late unique=1.74% (SD=0.69%), early unique =1.31% (SD=1.99%), Children, late unique=0.82% (SD=1.30%), early unique=1.47% (SD=1.73%). 
Single-word Processing
Mixed-design ANOVAs were performed by-participants (F1) and by-items (F2) with Uniqueness Point (late unique, early unique) as the within-subjects factor and Age (adult, child) as the between-subjects factor. 
Children were slower to respond than adults (Age, F1(1, 35)=17.60, p<.001, p2=.34, F2 (1, 34)=203.07, p<.001, p2=.86), and slower responses were found for the late than early unique words (Uniqueness Point, F1(1, 19)=13.28, p<.01, p2=.28, F2(1, 34)=14.41, p<.01, p2=.30). Lexical competition (late unique RT – early unique RT) was observed for children (mean difference 117ms, SD=194ms, p<.05) and adults (mean 69ms, SD=86ms, p<.01): Age x Uniqueness Point, F1(1, 35)=0.88, p>.05, p2=.03, F2(1, 34)=0.50, p>.05, p2=.01 (Figure 1). 
Correlations 
 
For children, there was a significant negative correlation between lexical competition (late unique RT – early unique RT) and phoneme awareness (r(20)=-.47, p=.04) but not with vocabulary (r(20)=-.33, p=.16) or age (r(20)=-.38, p=.10). There were no significant correlations for adults (phoneme awareness, r(17)=-.06, p=.82; vocabulary, r(17)=.13, p=.63; age, r(17)=.13, p=.62). There was also a significant positive correlation between pause detection item RT and AoA ratings (collapsing across uniqueness point conditions) for children (r(36)= .35, p=.03) that did not reach significance for adults (r(36)= .29, p=.09). Thus, children were faster to detect pauses in words acquired earlier in development.  
Sentence Processing
Mean pause detection RTs and errors for each condition are shown in Table 1. Mixed-design ANOVAs were run with Uniqueness Point (late unique, early unique) and Context (constraining, neutral) as the within-subject factors and Age as the between-subjects factor. 
Children were slower than adults (Age, F1(1, 35)=36.02, p<.001, p2=.51, F2(1, 34)=82.52, p<.001, p2=.71). A clear lexical competition effect was obtained: Participants were slower for late than early unique words (Uniqueness Point, F1(1, 35)=35.37, p<.001, p2=.50, F2(1, 34)=15.19, p<.001, p2=.31). Crucially, there was a significant Uniqueness Point x Context interaction, F1(1, 35)=18.74, p<.001, p2=.35, F2(1, 34)=7.49, p<.01, p2=.18. Namely, a context effect was obtained for the late but not early uniqueness words: For the late unique condition, constraining sentences led to faster RTs than neutral sentences (mean difference 136ms, SD=202ms, F1 (1, 36)=16.87, p<.001, p2=.32, F2(1, 35)=3.07, p=.09, p2=.08) whereas for the early unique condition, neutral sentences were responded to faster than constraining sentences (mean difference -63ms, SD=176ms, F1 (1, 36)=4.69, p<.05, p2=.12, F2(1, 35)=3.45, p=.07, p2=.09) (see Figure 2). The Uniqueness Point x Context interaction was significant for children (p<.05) and adults (p<.001). Both age groups showed significant context effects for the late but not early unique condition; however, in contrast to children, adults showed significantly faster responses for neutral than biased contexts for the early unique condition (p<.05). Finally, there was a significant Context x Age interaction F1(1, 35)=7.34, p<.01, p2=.17, F2(1, 34)=2.27, p>.05, p2=.06: When averaging across early and late unique conditions children showed a larger context effect (faster responses to constraining than neutral conditions) (mean difference 85ms, SD=105ms, F1 (1, 19)=13.02, p<.01, p2=.31, F2(1, 17)=3.10, p=.10, p2=.15) than adults (mean difference = -20ms, SD=131ms, F1 (1, 16)=0.40, p>.05, p2=.02, F2(1, 17)=0.54, p>.05, p2=.03).
Correlations
There were no significant correlations between lexical competition (late unique RT – early unique RT, across constrained and neutral conditions) and phoneme awareness (children r(20)=.30, p=.19; adults r(17)=.38, p=.14), vocabulary (children r(20)=-.31, p=.18; adults r(17)=-.13, p=.60) or age (children r(20)=.09, p=.72; adults r(17)=.16, p=55). 
Discussion
Overall, the data suggest highly similar effects of uniqueness point and sentence context on early lexical activity in children and adults. Across both age groups, pause detection latencies were slower for words with later uniqueness points that have more competitors at the end of their initial fragments in both single-word and sentence contexts.  This suggests that early lexical competition during familiar word recognition is well established in the developing lexicon by 7 years. Interestingly, there were no developmental differences in the magnitude of this effect in RT for single-word or sentence processing, with the effect for children being just as robust as for adults. Together, these findings suggest that children’s speech processing is characterized by competition between similar sounding lexical entries as in adults. Hence, when using on-line pause detection, we find clear evidence that 7-8 year old children show lexical competition early on in speech perception. The fact that the word lists were closely matched for global phonological neighborhood size (S2) but differed on an incremental measure of neighborhood (uniqueness point) strengthens our claim that the uniqueness point effect reflects incremental lexical competition from multiple word candidates that are activated from partial speech input rather than competition from whole word competitors that are activated after word offset. 
There was no strong evidence that lexical competition was associated with vocabulary size. It is possible that lexical competition effects obtained from repetition and gating tasks may be more dependent on awareness of the existing knowledge base than pause detection, hence accounting for stronger associations between vocabulary knowledge and lexical competition effects in previous studies. Furthermore, since we ensured that children knew the key words, the potential influence of broader vocabulary knowledge on early lexical activity during word recognition may be weakened. There was, however, a significant positive correlation between phoneme awareness and single-word lexical competition for children: Larger lexical competition effects were associated with a greater ability to delete phonemes from familiar words.  One tentative explanation for this is that children with more advanced phoneme awareness may have richer lexical representations that are more likely to engage in competition during spoken word recognition.
Pause detection latency (collapsed across single-word conditions) was also positively correlated with AoA of the words. This correlation reached significance for children but not adults, suggesting that pauses are detected more slowly for recently acquired words. Words acquired earlier in development likely have richer more established lexical representations that are retrieved more efficiently, thus leaving more resources available for pause detection and resulting in the faster latencies. For adults, all the words were long-established and so a nonsignificant correlation was unsurprising.
The results also provide new evidence on the interactivity-autonomy debate during development, replicating the Context x Uniqueness Point interaction found for adults by Mattys et al. (2005). Both age groups were faster to detect pauses in words with late uniqueness points when the context was biased than neutral; no such effect was obtained for words with early uniqueness points. This suggests that context can reduce lexical activity as the speech stream unfolds during word recognition in children as in adults, supporting interactive models.  In contrast to Mattys et al. adult latencies for neutral contexts were significantly faster than latencies for constraining context for words with early uniqueness points (Table 1). This is a surprising result that needs further replication, particularly since the present study is the first attempt at replicating Mattys et al. However, a tentative explanation may be that constraining context slows subsequent lexical processing when more information is provided than is necessary for word recognition. When a word with an early uniqueness point is preceded by a highly constraining sentence, greater levels of associated semantic knowledge and prior episodic knowledge may be activated than when the sentence is neutral. This boost in lexical activation caused by the richer sentence context may interfere with pause detection latency for words with early uniqueness points, which are already processed rapidly. In contrast, it is plausible that the constraining sentence context for the late unique condition works to reduce pause detection latency since it results in a decrease in activation for context irrelevant competitors.  
In sum, previous studies have provided strong evidence for on-line incremental lexical competition in adults (Gaskell & Dumay, 2003; Mattys & Clark, 2002). Our findings provide new evidence that children aged 7-8-years-old show the same early lexical competition effects as speech input is processed. This finding has clear theoretical importance since previous lexical competition effects documented in children may have reflected off-line lexical activity (at word offset) rather than a continually updated competition process based initially on partial information. We have also demonstrated that early competition effects can be influenced by one key parameter shown to be influential in adult studies, namely, the semantic compatibility between lexical candidates and their preceding sentence context. 
Experiment 2 explores a second parameter of adult lexical competition: whether lexical competition for existing words is modulated following exposure to new competitors. Indeed, we test whether lexical competition can be used as an index of lexical integration in children. Arguably, this provides a cleaner test of the uniqueness point effect demonstrated in Experiment 1. Although the word lists in Experiment 1 were well matched on key variables, we cannot rule out the possibility that the word lists differed on an uncontrolled linguistic variable that influenced competition (cf. Bowers et al., 2005). Thus, Experiment 2 examined uniqueness point effects by teaching participants novel competitors of existing words with early uniqueness points and then comparing pause detection latencies to those existing words with latencies to control words for which no close competitor had been taught. Crucially, the test and control words were rotated across participants and thus any lexical competition effects cannot be attributed to differences between stimulus lists.
Experiment 2
Children and adults were exposed to novel nonwords as used in Brown et al. (2012). For adults, we hypothesized that lexical competition effects for existing words (e.g., “biscuit”) would emerge 24-hours after exposure but not immediately (Dumay & Gaskell, 2007; Gaskell & Dumay, 2003). Following Brown et al. (2012), but using pause detection as a more sensitive on-line measure, we reassessed the hypothesis that lexical integration requires a consolidation period in children as in adults. 
Method
Participants

Eighteen children (mean age 7.87 years, SD=0.27 years, range 7.42 – 8.16 years; 9 males) were recruited from primary schools. Informed parental consent was obtained in all cases. Eighteen adults (mean 19.31 years, SD=0.73 years; 6 males) were recruited from the University of York. Children completed the same measures as in Experiment 1 (mean receptive vocabulary standard score, 104.78 [SD=8.75], mean phoneme elision scaled score was 10.56 [SD=2.33]. Participants were native English speakers, had no reported learning disabilities, and had normal or corrected-to-normal vision and hearing.
Materials
Twenty-six stimulus triplets were selected from Brown et al. (2012), comprising one existing “baseword” (bramble), one fictitious novel word (brambooce) and one foil nonword (bramboof) used as a distracter in the 2-alternative forced choice (2AFC) task (see S6).  Basewords had uniqueness points at or before the final vowel, were mono-morphemic and were selected to be familiar to children aged 7-8 years old. Foil nonwords were derived by changing the final consonant clusters of the corresponding novel words. Two lists of 13 stimulus triplets were formed with basewords matched for AoA, number of syllables and phonemes, frequency, and acoustical duration. One list was used in training and the other was left untrained as a control condition for the pause detection task. Thus, in the pause detection task half of the words (n=13) had a potential new competitor as a result of exposure whereas the other half (n=13) did not. The recordings from Brown et al. were used.
Design and Procedure
All children were exposed to the novel words and then completed the pause detection task immediately and 24 hours later.  To determine how well the novel words had been learned cued recall and 2AFC tasks were also included in both test sessions. Session 1 comprised training, followed by pause detection, cued recall and 2AFC. Session 2 comprised pause detection, cued recall and 2AFC tasks (in the same order as Session 1), picture matching and the two standardized tests. The mean time elapsing between sessions was 23:52 (SD=00:51) for children and 23:55 (SD=01:02) for adults (p>.05). Half of the participants received both sessions in the morning and the other half received them in the afternoon, meaning that any effects of circadian factors are eliminated as a confound. 
Training tasks
Children were exposed to each novel word 18 times in two phonological tasks (following Brown et al., in press). Feedback was provided during practice trials. 
(i) Phoneme monitoring
Participants listened to each novel word and indicated whether a pre-specified phoneme was present in that word. Five practice trials were followed by 6 blocks of experimental trials with the target phonemes /p/, /t/, /d/, /s/, /m/, and /b/ in this order. Each novel nonword occurred 12 times, twice per block. For further details see Brown et al (2012).  
(ii) Phoneme segmentation
Children were asked to listen to each novel word, repeat it, and then say the first (Block 1) or the last sound (Block 2). Novel words were presented three times per block in a randomized order. Three practice trials were administered before each block. Accuracy was recorded. Novel word production was introduced into the training regime of this experiment in contrast to previous experiments (e.g., Brown et al., 2012; Gaskell & Dumay, 2003) for several reasons. Not least, when children and adults learn a new word they tend to produce it. Production was also used to ensure that children processed the new phonological input correctly. Furthermore, standard phoneme segmentation tasks used to measure phoneme awareness typically require children to repeat the word aloud before isolating phonemes. Previous research suggests that representations used in language production and perception may be shared (e.g., Schiller & Meyer, 2003) and hence production information may be necessary for the formation of complete lexical representations. 
Lexical competition task
Participants heard 13 basewords for which a novel competitor had been trained (competitor condition) and 13 without a novel competitor (control condition). In both cases, half the words contained a 200 ms pause. Four lists were used so that each item was equally represented in the four cells of the design (competitor, pause present; competitor, pause absent; control, pause present; control, pause absent). Participants indicated via button-press whether or not a pause was present for each word. For the experimental items, pauses were inserted before the second vowel offset if the following consonant was a voiceless plosive or just after otherwise. Fillers were 26 bisyllabic words (half with pauses inserted at various positions). Pauses appeared in 50% of trials. Latency was measured from pause onset.
Control tasks
(i) Ensuring participants learned the novel words

Cued recall and 2AFC tasks were administered to ensure children had learned the phonological forms of the novel words to a sufficient level (see S7 for details of method and results). In cued recall participants heard the first CVC syllable (e.g., bram) of the 13 novel words from the exposure phase and were asked to complete the cue with one of the new words. In 2AFC, participants heard the novel words and their corresponding foils and indicated which item had been heard during training. Together the results of these tasks (see Table 2 and S7) suggested that children and adults had acquired good knowledge of the novel words immediately after learning and that their ability to recognize and recall novel words improved at the 24-hr retest. Consistent with previous research (Brown et al., 2012; Church & Fisher, 1998; Dumay & Gaskell, 2007; Houston et al., 2001; Jusczyk & Hohne, 1997), this suggests that offline consolidation functions to enhance and stabilize new phonological representations. In comparison to adults, children showed significantly greater improvements in recall over 24 hours and a trend for greater improvements in recognition. However, recognition immediately after training was near ceiling for adults which potentially limited the extent of observed improvement. Furthermore, lower recall scores at the immediate retest for children may have given them more room for overnight improvement. 
(ii) Ensuring familiarity with the basewords

A picture-matching task was administered to ensure children were familiar with the existing basewords. For each trial, one target (e.g., bramble) and three distracters (selected from www.fotosearch.com/clip-art) were displayed in a quadrant on the screen (Brown et al., 2012). A target baseword was played through headphones and the participant pointed to the matching picture. Distracters were matched on AoA to the basewords (according to the MRC Psycholinguistic Database). Trial order was randomized but the same distracter images always occurred with the same target and the position of these four images on screen remained constant. Target pictures were equally distributed across quadrants. Children’s accuracy was at ceiling (mean total correct = 12.39/13, SD=0.61). 
Results
Training
Children made significantly more phoneme monitoring errors (mean 19.87%, SD=11.26%) than adults (mean 7.41%, SD=3.46%), F1 (1, 34) = 15.98, p<.001). There was no difference between stimulus lists for children, F1(1, 16)<1, or adults, F1(1, 16)<1.  Participants performed near ceiling for novel word repetitions and initial and final segmentations.  Children made more repetition errors (mean 4.91%, SD=4.88%) than adults (mean 0.78%, SD=2.24%), p<.05. However, children made fewer segmentation errors (mean 11.25%, SD=9.0%) than adults (mean 21.94%, SD=10.17%), p<.05, possibly due to children being more practised at phonics tasks. There was no difference between stimulus lists for children, t(16)<1, or adults, t(16)<1. 
Pause detection 
Outlier removal (as in Experiment 1) discarded a mean 1.79% (SD=3.39%) items for children and 1.57% (SD=3.04%) for adults (p>.05). Pause detection RT and errors (Table 2) were averaged across pause-present and pause-absent trials (following Gaskell & Dumay, 2003; Dumay & Gaskell, 2007). 
Latencies (for correct responses) were entered into a mixed-design ANOVA with Condition (baseword, control) and Session (1, 2) as within-subject factors and Age (Children, Adults) and List (1, 2) as between-subject factors. Children produced longer latencies than adults (Age, F1(1, 32)=64.23, p<.001, p2=.67, F2(1, 24)=532.08, p<.001, p2=.96). Crucially, latencies did not differ between baseword and control conditions immediately after exposure (mean difference -21ms, SD=124ms, p>.05) whereas 24-hours post exposure latencies for were significantly longer for baseword than control conditions (mean difference 71ms, SD=113ms, p<.01): Condition x Session, F1(1, 32)=12.92, p<.01, p2=.29, F2(1, 24)=3.09, p=.09, p2=.11 (Figure 3). The Condition x Session x Group interaction was not significant, F1(1, 32)=0.15, p>.05, p2=.01, F2(1, 24)=0.01, p>=.05, p2=.0, confirming that both age groups showed a similar pattern of no lexical competition immediately after exposure (children mean difference 5ms, SD=140ms, F1(1, 17)=0.02, p>.05, p2=.001, F2(1, 25)=0.20, p>=.05, p2=.01; adults mean difference ‑47ms, SD=103ms, F1(1, 17)=3.69, p=.07, p2=.18, F2(1, 25)=2.24, p>=.05, p2=.08, but significant lexical competition after 24-hours (children mean difference 106ms, SD=132ms, F1(1, 17)=11.56, p<.01, p2=.41, F2(1, 25)=4.02, p=.06, p2=.14; adults mean difference 35ms, SD=79ms, F1(1, 17)=3.54, p=.08, p2=.17, F2(1, 25)=1.07, p>=.05, p2=.04. However, when collapsing across sessions, children showed significantly larger lexical competition effects (mean difference 55ms, SD=104ms, p<.05) than adults (mean -5ms, SD=70ms, p>.05): Condition x Age, F1(1, 32)=4.37, p<.05, p2=.12, F2(1, 24)=2.72, p=.11, p2=.10. There were no other significant main effects or interactions. 
Discussion
Once again, the results suggest a remarkable similarity in the lexical competition profile for children and adults. Lexical competition effects for the newly learned items were obtained 24 hours after exposure but not immediately. Hence, Experiment 2 demonstrates how lexical competition early in the course of word recognition emerges after consolidation when a word’s uniqueness point has been moved later in the word as a result of introducing a novel competitor. Note, the marginally significant effect for adults on Day 1 reflects facilitated processing of basewords with novel competitors at this time point, not competition. This facilitation in adults most likely reflects priming of basewords (e.g., biscuit) as a result of recently encountering the novel competitors (e.g., biscal) multiple times during training (cf. Gaskell & Dumay, 2003, Exp 1). Importantly, Experiment 2 provides crucial evidence that children aged 7-8-years-old, like adults, require a period of consolidation before a new word is integrated into the existing lexicon. The results also have important methodological implications, suggesting that pause detection can provide a sensitive on-line measure of changes in lexical activity during word recognition following word learning in children.  
This evidence of early lexical competition from novel competitors presents a stronger case for the uniqueness point effect in children than Experiment 1. Experiment 1 compared word lists differing in uniqueness point and there may have been matching confounds (Bowers et al., 2005). Since the same words were used as test and control words in the pause detection task of Experiment 2 (counterbalanced across participants), these effects cannot be attributed to differences the properties of the words in each condition. 
Lexical competition effects were larger for children than for adults. The generally slower RTs in children could have inflated the difference between conditions. Alternatively, children may experience more lexical competition during word learning than adults particularly for newly acquired words (see also Brown et al., 2012). Connectionist models conceive of words as attractors in the child’s language state space that vary in strength, with more recently established attractors more vulnerable to competing processes (Magnuson et al., 2003; McMurray et al., 2010). Therefore, greater competitor activation might be seen in children than adults for newly established lexical attractor states (as shown in the data of Experiment 2) but not for more mature lexical attractor states (as shown in the data of Experiment 1). This may also provide an explanation for why individuals with language disorder show larger lexical competition effects than typically developing controls (e.g., McMurray et al., 2010; Mainela-Arnold et al., 2008; Seiger-Gardner & Brooks, 2008), that is, if their lexical representations are more vulnerable to competing processes. 
General Discussion

Oral language comprehension and vocabulary learning are fundamental components of language acquisition and strong predictors of educational attainment. Hence, it is essential that we understand how children become proficient at processing lexical information and how children acquire new vocabulary so that we can inform theory and understand how best to advance language learning across development. This study was carried out to determine whether on-line lexical competition, a key hallmark of proficient adult oral language comprehension, can be observed in children as the speech stream unfolds, early in the course of word recognition. Such evidence would suggest that word recognition by children is similarly on-line, incremental and competitive. We ran two experiments to examine early lexical competition effects for existing words in children and whether this lexical activity is influenced on-line by sentential context and the introduction of a new competitor to the lexicon. We used these variables because they are key factors in determining the course of lexical competition in adults, thus enabling theoretical and empirical comparison across development. The pause detection paradigm was used to provide a comprehensive analysis of the on-line lexical competition process for spoken words in development. There were three central findings.  First, children and adults showed comparable incremental lexical competition effects during spoken word recognition in isolation and in sentential context. Second, the lexical competition that arises as words are processed can be influenced by semantic context on-line in children, this result thereby informing developmental models of lexical-contextual integration. Third, Experiment 2 provides the first demonstration that the lexical competition environment in children is altered as new words are learned, but, as in adults, these modulatory effects are not observed until after a period of offline consolidation. 
Developmental models of lexical processing suggest that lexical processing is more holistic early in development (e.g., Metsala & Walley, 1998; Walley, 1993; Ziegler & Goswami, 2005). Even at 7-8 years of age, word representations have been argued to be less well phonologically specified (Castles et al., 2007; Storkel & Rogers, 2000) and word recognition has been argued to not reach adult speeds until at least 9 years of age (Ojima et al., 2011). This previous evidence led us to hypothesize that children aged 7-8 years might be less sensitive to onset competitors and therefore show smaller lexical competition effects than compared to adults, in line with previous studies (e.g., Garlock et al, 2001; Metsala et al., 2009; Munson et al., 2005). In contrast, the present study used an innovative paradigm to demonstrate that children show lexical competition early in spoken word recognition. In Experiment 1 a clear lexical competition effect was observed for two sets of words that were matched in terms of a global measure of phonological neighbors (the number of words differing by just one phoneme anywhere in the word), but differed in an incremental measure of neighborhood (uniqueness point). Children’s response times were sensitive to the state of lexical competition at the location of the pause, well before the end of the word. In terms of the functional architecture of children’s speech recognition system, this suggests that lexical competition operates early in the course of word recognition and is well established in the lexicons of 7-8-year-olds. This supports the view, based on adult research, that candidate lexical representations are activated sequentially and incrementally during the course of a word’s perception and that lexical competition operates prior to the accumulation of a full auditory representation of a word (Marslen-Wilson, 1987). The present data accord with previous eye-tracking studies that have also provided evidence of on-line lexical competition in children as young as 5 years during familiar word recognition (Sekerina & Brooks, 2007) and from 1.5 years during the early stages of word learning (Swingley & Aslin, 2007). Considering previous evidence that children have less well specified phonemic representations (Castles et al., 2007) one possibility is that children are using early arriving acoustic structure rather than phonemic structure to activate multiple lexical candidates.
Pause detection latency was also sensitive to the modulation of lexical activity during word recognition by sentence context. For words with late uniqueness points children showed sensitivity to the contextual biases of the preceding sentence; no such effect was obtained for words with early uniqueness points. This suggests that lexical and contextual factors are highly interactive from an early point in word processing in children (e.g., Tabossi, 1988; Henderson et al., 2011). Our results conflict with previous sentence-priming findings that suggest that children do not show adult-like sensitivity to sentence context until 9-10 years (e.g., Khanna & Boland, 2010). One possibility is that pause detection is more sensitive to contextual influences on lexical activity than sentence priming. 
Using lexical competition as an index of novel word integration, this study also provides new evidence about the time-course with which a new word becomes integrated in the lexicon. Consistent with adult studies (Dumay & Gaskell, 2007; Gaskell & Dumay, 2003) children and adults showed lexical competition for similar sounding basewords 24-hours post-exposure but not immediately (although the 24-hour effect was marginally significant for adults). Brown et al. (2012) used lexical decision rather than pause detection and found that 7 and 12-year-olds showed lexical competition immediately and 24-hours post-exposure, although the effects in the younger group were weak. The most likely explanation of this discrepancy relates to the methodological demands of lexical decision and its limitations when measuring lexical competition in children. Lexical decision demands metalinguistic awareness, a decision-making process and measures word recognition processes at the end point of spoken word recognition. Furthermore, the lexical decision task used in Experiment 2 of Brown et al. (2012) used fewer filler items compared with previous adult studies using lexical decision (e.g., Gaskell & Dumay, 2003; Experiment 1). This may have increased children’s awareness of the similarity between basewords and novel nonwords at both time points; thus the competition effects may have been more strategic and due to explicit awareness of the overlap between basewords and novel competitors rather than being due to automatic and implicit processes that occur earlier in speech recognition. The likelihood of strategic processing in children is also increased by their slower response times, which leaves greater room for explicit awareness to influence the decision making process. Hence, in contrast to pause detection, the lexical decision task used by Brown et al. may have measured a more strategic form of competition that occurred consciously (at the end point of processing the word) and that cannot be attributed to lexical integration. 
Adult studies showing that lexical competition between existing and novel words does not emerge until after a period of offline consolidation that includes sleep (e.g., Dumay & Gaskell, 2007) have been interpreted within the complementary learning systems framework (McClelland, McNaughton, & O’Reilly, 1995). This theory proposes that new information is initially stored separately from existing knowledge and is gradually integrated over time. Evidence suggests that new information about novel words is initially sparsely coded in the hippocampus but that offline replay of these memories, particularly during sleep, results in strengthening of representations in long-term neocortical memory where they are stored as overlapping distributed representations (Davis & Gaskell, 2009; Robins & McCallum, 1999).
The finding that children show lexical competition from novel competitors only after a delay provides the first developmental support for the complementary learning systems account of vocabulary acquisition (Davis & Gaskell, 2009). This suggests that word learning in children should be considered as the start of a prolonged consolidation process that is dependent upon general cognitive memory systems. We cannot say whether sleep is crucial for children’s lexical integration on the basis of the current data. Sleep may have played a role in the improvement in recall and recognition of novel nonwords in Experiment 2 since previous studies have already demonstrated that 6-12 year old children showed improvements in declarative memory after sleep, but not after a similar time period whilst awake (Backhaus et al., 2008; Wilhelm et al,. 2008). Gomez, Bootzin and Nadel (2006) reported that infants are more likely to abstract statistical probabilities from an artificial grammar after sleep than after an equivalent period of wake but they did not directly examine the issue of word learning and lexical integration. A recent study in our lab built on the current findings to address this issue (Henderson et al., in press), suggesting that children show an increase in lexical competition (as well as improvements in recall and recognition) 12 hours after training but only when that period includes sleep (again similar to adult findings reported by Dumay & Gaskell, 2007).
An important implication of our findings concerns the role of deficits in lexical competition in developmental disorders of language. Children with language impairments have been shown to experience more competition during spoken word recognition (or have greater difficulty in resolving the competition they experience) than their typically developing peers (Mainela-Arnold et al., 2008; McMurray et al., 2010; Seiger-Gardner & Brooks, 2008) as well as difficulties consolidating new vocabulary (Rice et al., 1994).  Our findings open up a new dimension of research using pause detection to further understand these deficits.  It will it be important to determine whether or not the lexical competition deficits observed in language impaired children occur on-line (during speech perception. Another crucial question that is yet to be addressed is whether the heightened lexical competition observed in children with language impairment occurs during word learning and interferes with the integration and consolidation of novel words in the mental lexicon. More broadly, at present there is a poor understanding of precisely how individual differences in lexical competition relate to oral language development. One important theoretical issue that needs to be addressed is whether heightened lexical competition is a cause or consequence of language disorder.
Conclusion
Pause detection has shown to be a sensitive and reliable measure of word recognition processes in children. The results support the idea that lexical activation occurs early during spoken word recognition in children, in an incremental and competitive manner. The findings further suggest that lexical activation in children is flexible: Semantic context interacted with lexical activity very early in word recognition and the introduction of a novel competitor led to changes in lexical activity for existing words. Finally, our data suggest that lexical acquisition in children is a prolonged process involving a complementary learning system, with lexical competition effects for novel words emerging only after a period of consolidation. Together, these results suggest a striking similarity between processes of lexical competition in children and adults and importantly reveal that the on-line, incremental nature of spoken word recognition remains consistent across development. Additional research is required to examine the extent to which individual differences in on-line lexical competition are important for the efficiency of lexical processing, and whether this may impact upon vocabulary growth across development (cf. Fernald & Marchman, 2012).
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Table 1. Mean (and SD) Pause Detection RTs and Errors for Late Uniqueness Point (Constraining and Neutral) and Early Uniqueness Point (Constraining and Neutral) Conditions.

	
	Late Unique
	Early Unique

	
	Constraining
	Neutral
	Constraining
	Neutral

	RT
	
	
	
	

	Children
	1242 (280)
	1410 (336)
	1181 (246)
	1182 (241)

	Adults
	890 (179)
	988 (158)
	840 (173)
	702 (172)

	% Errors
	
	
	
	

	Children
	27.88% (14.27)
	27.31% (13.19)
	14.81% (10.16)
	17.50% (9.12)

	Adults
	8.81% (9.12)
	11.31% (8.43)
	11.31% (9.27)
	13.35% (7.10)


Table 2. Mean Percent Correct (and SDs) for the 2AFC and Cued Recall Tasks, for 0-hr and 24-hr Retests (Experiment 2)

	
	Children
	Adults

	
	0-hr
	24-hr
	0-hr
	24-hr

	2-AFC (%)
	68.77 (23.23)
	85.92 (16.08)
	91.30 (10.62)
	98.69 (3.92)

	Cued Recall (%)
	17.54 (17.15)
	60.69 (20.38)
	54.31 (24.38)
	74.77 (18.23)

	Pause Detection
	
	
	
	

	Baseword RT
	1300 (254)
	1353 (252)
	726 (166)
	773 (206)

	Control Word RT
	1296 (291)
	1247 (269)
	772 (209)
	738 (217)

	Baseword Errors
	2.39 (2.48)
	1.44 (1.58)
	0.72 (0.66)
	0.78 (0.94)

	Control Word Errors
	2.11 (1.71)
	1.78 (1.86)
	0.44 (0.71)
	0.83 (0.86)


Figure 1. Mean Pause Detection RT for the Late Unique and Early Unique Conditions in Experiment 1 (error bars display 95% confidence intervals)
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Figure 2. Context (Neutral, Constraining) x Uniqueness Point (Late, Early) Interaction in Experiment 1 (error bars display 95% confidence intervals) 
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Figure 3. Lexical Competition Effects at 0-hr and 24-hr Retests for Children and Adults in Experiment 2.
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