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A Consonant-Vowel Priming Effect in Nonword Spelling Conrad Perry Macquarie University, Sydney, Australia Two experiments are reported that examine whether consonant/vowel structure can be primed in nonword spelling. The results show that when two possible consonant/vowel structures can be used to spell a nonword, participants are more likely to use the consonant/vowel structure of a previous prime word than an alternative structure. Such a result suggests that some form of abstract consonant/vowel representation is used when spelling nonwords. This result supports the multiple object spelling model, which is the only model of spelling that has hypothesised that such a representation exists.
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raphemic buffer disorder (Badecker, Hillis, & Caramazza, 1990; Caramazza & Miceli, 1990; Caramazza, Miceli, Villa, & Romani, 1987; Jónsdóttir, Shallice, and Wise, 1996; McCloskey, Badecker, Goodman-Shulman, & Aliminosa, 1994; Miceli, Silveri, & Caramazza, 1985; Posteraro, Zinelli, & Mazzucchi, 1988; Shallice, Glasspool, & Houghton, 1997) is a type of dysgraphia that affects people’s ability to spell words and nonwords. People with the disorder exhibit a number of symptoms when writing. These include the substitution of one letter for another, the transposition of adjacent letters, the insertion of letters, the deletion of letters, and the occasional shift of groups of letters. Such errors do not occur randomly, and there a number of constraints that have been documented. In general, consonant and vowel status is preserved and letter gemination (letter doubling) has a special status. Thus, when a letter is substituted, generally a vowel is substituted for a vowel or a consonant for a consonant. Similarly, when a word contains a double letter, occasionally the wrong letter is doubled. Shallice et al. (1995) provide a comprehensive review of these symptoms and the incidence at which they occur. Note that the term graphemic buffer disorder is not theoretically neutral, since some models of spelling do not have a graphemic buffer (e.g., Shallice et al., 1995). The first model to offer an explanation of the symptoms of graphemic buffer disorder was the multiple object spelling model (Caramazza & Miceli, 1990; Jónsdóttir et al., 1996; McCloskey & Caramazza, 1991). In the model, before orthography can be accessed for writing, letters must first be activated in a graphemic buffer. This buffer does not simply hold a linear string of characters. Rather, four levels of structure are presumed to exist. These levels are a geminate status tier, a letter identity tier, a consonant/vowel status tier, and an orthographic syllable tier. The geminate status tier is a representational level that determines if a letter is doubled or not. The consonant/vowel status tier is a level that contains information about the consonant/vowel status of each letter. Thus the word might would have the consonant(C)/vowel(V) representation CVCCC and the word banana would have the consonant/vowel representation CVCVCV. Finally, the orthographic syllable tier contains a marker for each orthographic syllable (but see Jónsdóttir et al., 1996). Through the interaction of different representational levels, it is possible to give an account of graphemic buffer disorder (see Caramazza & Miceli, 1990, for a more complete example). The idea is that if one level is damaged, it may be possible to retrieve some form of spelling from the other levels



that are not damaged. Thus when a word or nonword is spelt, not only is letter information activated in the buffer, but also suprasegmental structure that represents higher order information (such as consonant/vowel status). In some patients who are hypothesised to have a damaged letter level representation, letters that have not been preserved in the letter level may be replaced by another consonant or vowel (reflecting the consonant/vowel status tier). In this way, whilst individual letters may not be preserved, higher order knowledge about them may be. Thus consonants may be switched for other consonants due to the consonant/vowel status tier being intact, incorrect letters may be doubled due to the geminate tier being intact, and so forth. Recently, the competitive queuing spelling model (Houghton, Glasspool, & Shallice, 1994; Shallice et al., 1995) has offered an alternative explanation of the symptoms of graphemic buffer disorder. The model differs significantly from the multiple object spelling model in that it does not have a graphemic output buffer where letter activation is stored before output. Instead, for word spelling, the model uses a network with three levels of representation, sequencing nodes, orthographic entries, and a competitive filter. In this network, orthographic entries are activated in such a way that letters can be output in a serial fashion from the network. Note that because the letters are output one-by-one it means that there can be no memory in the model for contiguous letter sequences. For nonword spelling, the model uses a two layer network, similar to the reading network of Zorzi, Houghton, and Butterworth (1997). That network is simply a two-layer network trained to learn the relationships between phonology and orthography with a gradient derivative algorithm. Shallice et al. (1997) also suggested that there may be a number of conscious strategies that people use when spelling, although they were not well specified. The first level of Shallice et al.’s (1997) word spelling network are the sequencing nodes. The sequencing nodes modulate the order and speed at which letters in orthographic entries are activated. The orthographic entries are the second level of the model, and represent whole words that have been learnt. The third level of the model is a competitive filter. The competitive filter chooses which letter is output from the model at a given time, and it also inhibits letters that have been previously output. Because people with graphemic buffer disorder also show symptoms on nonword spelling, the model uses a second sound-spelling conversion network. The network differs somewhat from the word spelling network, with the input and output representation of the network being organised
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into phonemes and graphemes. In addition, rather than having orthographic entries activated and a temporal sequence of letters produced, the network learns to generalise to common subsyllabic patterns (including nonwords) through statistical exposure to sound-print relationships. On presentation of a nonword, the network is assumed to output each of the letters in the activated graphemes in a similar manner to how the letters in the word network are output. With these two networks, the symptoms of graphemic buffer disorder are explained by suggesting that something has gone wrong with the temporal sequence of letter output. (See Shallice et al., 1995, for a further description of how these two networks work.) One of the advantages of the competitive queuing model is that a computational version of the model has been implemented (Houghton et al., 1994; Shallice et al., 1995). This computational model allows quantitative predictions to be made about various patterns of symptoms. In a number of impressive simulations, Shallice et al. (1995) showed that by adding different levels of gaussian noise to the orthographic entries of the model, the model would show patterns of symptoms that were quantitatively similar to the word reading performance of a number of cases of graphemic buffer disorder that have been documented. (No nonword simulations of graphemic buffer disorder were done.) Note that the outputs of the model were examined in a black-box type fashion, where only the effects of noise on the outputs of the model were examined. No analysis of the internal dynamics of the network was performed. Based on the results of the simulations, Shallice et al., suggested that the competitive queuing account of graphemic buffer disorder was better than that proposed by the multiple object spelling model. The general principles of the competitive queuing spelling model have also been used to explain the spelling of another dysgraphic patient (Ward & Romani, 1996; Ward & Romani, 1998). Although it appears that the competitive queuing model and the multiple object spelling model offer two very different explanations of graphemic buffer disorder, both make very similar predictions about the pattern of symptoms that are displayed. Thus current cases of graphemic buffer disorder may not be able to determine which model is based on more plausible assumptions. Despite such similar symptom predictions, however, fundamental differences between the two models exist, and these differences may offer some method of model evaluation. One important difference between the two models is whether a consonant/vowel status tier can be found at a graphemic buffer. The multiple object model predicts that consonant/vowel effects occur at a graphemic buffer that has a consonant/vowel status tier, and that that buffer is separate to other levels of the spelling model, such as the orthographic lexicon. If independent evidence could be provided supporting the existence of a consonant/vowel tier, then it would strongly support the multiple object model. In contrast, the competitive queuing model predicts that no consonant/vowel effects should occur independently of lexical access or the phonemegrapheme representation of the sound-spelling network. This is because the properties that appear to suggest a consonant/ vowel organisation are caused by noise between the sequencing nodes, the word nodes or grapheme representation, and the competitive filter. That is, when noise is added into the system, a number of complex (and difficult to examine) interactions occur between different representational levels of the model that cause the quantitative output of the model to be similar to that of patients who have graphemic buffer disorder. One potential way of examining whether consonant/vowel structure exists is to bias people’s spelling by priming the consonant/vowel status tier hypothesised to exist by the multiple



object spelling model. Note that no such consonant/vowel priming is predicted by the competitive queuing model, since there is no consonant/vowel status tier structure in the model. Instead, only lexical priming or the priming of graphemic representations in the phoneme-grapheme network should be possible. A priming technique that has been successfully used to examine various facets of spelling is lexical priming (Barry & Seymour, 1988; Campbell, 1983, 1985; Nation & Hulme, 1996). In this technique, people hear a word and then spell a nonword. It has been found that people are biased to spell a monosyllabic nonword with the same body spelling (that is, all letters after the initial onset consonant within a single syllable, e.g., the -ight in might) as the word that preceded it, if the word and nonword rhyme. Furthermore, in all papers that have examined this effect on normal adult populations, these effects have been extremely large. Although it has been suggested that this is caused by the lexical orthography of the prime word affecting the nonword spelling, it is possible to extend the methodology to examine properties of the (potential) graphemic buffer. In this case, instead of using a word then rhyming nonword sequence, a word then same consonant/ vowel structure nonword sequence can be used. The idea here is that if there is a consonant/vowel status tier, then it might have some impact on the spelling of nonwords via automatic feedback from that level. That is, in much the same way as feedback from sublexical orthographic segments strongly biases people’s potential nonword spellings (e.g., Barry & Seymour, 1988), suprasegmental orthographic structure might bias people’s nonword spelling as well. Apart from the results of the spelling tasks using priming, there also exists evidence that automatic feedback occurs from phonology to orthography in reading tasks. In particular, both Stone, Vanhoy, and Van Orden (1997) and Ziegler, Montant, and Jacobs (1997) noted that in a lexical decision task, effects of a phonology to orthography computation could be observed. Ziegler et al. (1997), also found the same effect in a reading aloud task. Thus, despite the fact that both tasks could logically be performed with only knowledge of an orthography–phonology relationships, these effects were still found. It is possible to understand how consonant/vowel structure can be primed from an example. Take the two prime-nonword sequences fine→/zel/ and noun→ /zel/. In general, two spellings would be predicted to predominate for the nonword /zel/, zail and zale (of course there are many other potential spellings, like zayil). If consonant/vowel structure can be primed, then prime word structure may influence the spelling of the following nonword. In particular, the two primes, fine and noun, would be expected to influence the spelling of /zel/ differently, since one contains a consonant-vowel-consonantvowel spelling and the other contains a consonant-vowelvowel-consonant spelling. If consonant/vowel structure exists, then people may be biased to spell the nonword with the same consonant/vowel structure as the prime word. If such priming occurs, then it would suggest that consonant/vowel structure in the graphemic buffer had been primed, since the prime words do not share lexical or graphemic features with the target word. In addition, such priming would be orthographic and not phonological, since the two prime words have an identical phonological structure, as do the two potential target nonwords. In the following experiment, such a paradigm was used to examine if evidence could be found supporting the existence of a consonant/vowel representation. Let’s take the most extreme example of this to further highlight how such priming could occur. First, assume (for the sake of simplicity) that a network such as that proposed by Houghton and Zorzi (1998) or a set of rules proposed by Barry
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and Seymour (1988) produced exactly the same activation given one phonological input for two orthographic sequences, one a VCV sequence, and the other a VVC sequence (note that both groups of authors propose that multiple patterns of activation can be produced at the letter level). Which pattern would be output at the letter level? Clearly, the sensible answer is that either could be read out, since both produced exactly the same level activation. Now let’s say that there is some level of feedback from the consonant/vowel status tier to the letter level. If no priming has occurred in the graphemic output buffer, then the situation will be the same, since both letter sequences will still have exactly the same activation. Alternatively, let’s say a VVC pattern has been primed in the graphemic output buffer. Now, because of the positive feedback, the VVC letter sequence will gain some amount of activation, and its activation will be boosted above that of the VCV sequence. The VVC pattern will therefore be output more often than the VCV sequence. The opposite is true if a VCV pattern had been primed. In this case, any amount of feedback will cause the VCV letter sequence to have a higher activation than the VVC pattern. This will cause the VCV letter sequence to be output more often than the VCC letter sequence. Note that although the effect of priming has been described here at a letter level, there is no reason to think that it could not go further back in the system. This is because Barry and Seymour (1988) have argued that the sound-spelling rules people have used are extremely susceptible to priming. Thus the idea here would be that feedback from a graphemic buffer to a letter level could then bias rule selection. EXPERIMENT 1



Participants Twenty first year psychology students from Macquarie University participated in return for course credit. All were native speakers of English. Stimuli Sixteen nonwords were used where the two most likely spelling patterns (based on vowel phoneme-grapheme frequency) had an orthographic body spelling with either a vowel-consonant-vowel (VCV) or a vowel-vowel-consonant (VVC) structure. Paired with each of these items were two prime words, both which used a phonological rime with a vowel-consonant (VC) structure. Orthographically, however, one of the prime words contained a body with a VCV structure and the other contained a body with a VVC structure. Thus, a nonword such as /Fup/ would follow either race of suit. Note that it is not possible to use prime words that have no letter overlap with some of the nonwords, particularly those that have a VCV orthographic body. This is because the vast majority of nonwords with an orthographic VCV body have long vowels, and so the final ‘e’ must be shared. For nonwords where this happened, a deliberate attempt was made to use a prime word with a vowel grapheme that shared one letter with each prime word. Thus, the word race, which proceeded /Fup/ shares the letter ‘a’ with the potential spelling foap and the ‘e’ with the potential spelling fope. The individual items and item properties appear in Appendix 1. A further 40 wordnonword pairs were used as fillers. Two counterbalanced groups were used. In one of the groups, half the prime words used a VCV orthographic body structure and the other half used a VVC orthographic body structure. In the other group, the nonwords preceded by a VCV prime were instead preceded by a VVC prime, and the nonwords preceded by a VVC prime were instead preceded by a VCV prime. An example of such primes was discussed
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above. Thus, both groups used the same set of words. However, the primes differed between each group, such that one group was exposed to a prime word that primed one potential spelling of the nonword, whereas the other group was exposed to a prime word that primed a different potential spelling. Thus, for instance, in one of the counterbalanced groups, the nonword /Fup/ was preceded by race, whereas in the other the nonword was preceded by suit. This allows the effect of the prime to be determined without the need for an unprimed control group, by adding together the number of times race-fope and suit-foap is given and comparing it to the number of times race-foap and suit-fope is given. The important thing to note here is that two alternative spellings are needed to generate the score for each of the primed and unprimed conditions, and since these two spellings are different in each counterbalance group, it means that any biases one way or the other are removed via the counterbalancing. For example, let’s say the unprimed probabilities for the nonwords were collected, and that 70% of the time the nonword /Fup/ was spelt as fope and 30% of the time as foap. If /Fup/ was then used in a primed experiment where there was no effect of priming, the score would be expected to equal 50%. This is because one of the groups would produce racefope (70%) and race-foap (30%), whereas the other would produce suit-fope (70%) and suit-foap (30%). Thus the primed probability would be the average of 70% (race-fope) and 30%, which equals 50% (no bias). Alternatively, let’s say there was a 5% priming effect. This would mean that the scores in one counterbalance group would be race-fope (75%) and race-foap (25%), whereas in the other they would be suit-fope (65%) and suit-foap (35%). Taking the average of 75% and 35% gives a score of 55%, a 5% biasing. Procedure Participants were tested individually. The words and nonwords were read aloud by the author, a native speaker of Australian English. They were read at a rate such that there was a small gap between each completed response and the read-out of the next word. Participants were asked to spell both the words and nonwords. For the nonwords, participants were asked to write the first reasonable nonword spelling that they could think of. The order of presentation was such that a nonword would always follow a word, and vice-versa. Results and Discussion One nonword (/brul/) was excluded from the analysis entirely, since the majority of answers given to it used neither a VCV nor VVC orthographic body. Responses that did not conform to a VCV or VVC orthographic body structure were excluded from the analysis. Similarly, responses that had either a VCV or VVC orthographic body structure, but were written as an actual word (i.e., lexicalisations), were also excluded. Overall, this meant that 16% of the data were removed (33 with VCV primes; 33 with VVC primes). Those responses consisted of a number of sound misperceptions and idiosyncratic responses, with no major pattern predominating. Note that this number corresponds quite similarly to other experiments. Barry and Seymour (1988) found that subjects missed 12.4% of nonword trials for a variety of different reasons. Perry, Ziegler, and Coltheart (in press) report similar figures. For the analysis, responses were collapsed into two groups. One of the groups contained counts of nonwords spelled with the same consonant/vowel structure as the prime; the other group contained counts of nonwords spelled with the alternative structure. The data were analysed using both raw counts and ratios. The ratios in the item analysis were derived for
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each item individually by dividing the raw scores for each of the target spellings that had the same structure as one of the prime words by the sum of those counts (e.g., if, for a given item, 6 responses matched the prime word’s consonant/vowel structure and 4 responses matched the unprimed prime word’s consonant/vowel structure, the ratios would be 6/10 and 4/10). The ratios in the participant analysis were derived for each participant individually by dividing the raw scores for the summed number of responses that had the same structure as one of the prime word types by the total sum of those counts (e.g., if a participant spelled 8 items with the same consonant/vowel structure as the prime words and spelled 6 items with the unprimed prime words’ consonant/vowel structure, the ratios would be 8/14 and 6/14). Overall, of the words left in the analysis, 56.56% (by items) of nonword spellings used the same consonant/vowel structure as the prime word and 43.44% used the alternative structure. A two-tailed t test examining the difference was significant by participants and items, tp(19) = 2.21, SE = 0.72, p < .05; ti(14) = 2.53, SE = 0.84, p < .05. The same was true when ratios were used, tp(19) = 2.66, SE = .058, p < .05; ti(14) = 2.68, SE = .053, p < .05. Such a result suggests that participants were biased toward spelling nonwords with the same consonant/vowel structure as the preceding prime word. Thus, there appeared to be a consonant/vowel priming effect. These results support the possibility that there is some form of consonant/ vowel representation used when spelling. In terms of the individual prime groups, when a VCV prime was used, participants spelt the target words using a VCV body 68.25% of the time. Alternatively, when a VVC prime was used, participants used a VVC body 43.97% of the time. The difference in these statistics reflects the fact that spellings in the VVC body group were less frequent, in terms of their vowel phoneme-grapheme frequencies, than the VCV group (they always used the second most common vowel phonemegrapheme relationship for a given phoneme, unlike the VCV words, which always used the most common). Note, however, that at least when compared to Barry and Seymour’s (1988) free spelling (i.e., unprimed) results, which albeit used a slightly different stimuli set, both groups appeared to show a priming effect. This is because, in terms of only the most common versus second most common vowel spellings given by Barry and Seymour, 59.68% of nonwords had the most common spelling and 40.32% had the second most common. Experiment 2 Although the previous experiment suggested that the orthographic structure of a prime word has an effect on participants’ spelling of the target, a potential confound in the stimuli exists, this being that on the majority of the VCV body primes, the final ‘e’ was shared. If the final ‘e’ primes sound-spelling correspondences that have been suggested to be used in nonword spelling (Barry & Seymour, 1988), then that may have influenced the nonword spellings that people used. Thus, the difference in the results may not have been due to the orthographic structure of the prime word, but rather from priming occurring between nonlexical sound-spelling correspondences that share a final ‘e’ (e.g. –a.e, -o.e, -u.e). One potential way to get around the final ‘e’ problem would be to use words with VCV bodies that that do not end in a final ‘e’. Unfortunately, with this constraint, it is not possible to find enough prime-target pairs for the experiment. However, even though it is not possible to choose such prime-word pairs, it is possible to choose target words that share the same initial consonant/vowel structure but use a different number of letters. For instance, the first four letters of the prime words forum and mound use a different consonant/vowel structure.



Thus, if it is possible to prime consonant/vowel structure, then the initial letters of a nonword prime may have an effect on the spelling of a nonword such as /ted/ that can take two typical spellings (tade, taid). Unfortunately, a confound with this design is that it is not possible to use prime words that have an identical phonological structure. However, given that the two target nonwords use an identical phonological structure, there is no obvious reason why this should bias the results in any meaningful way. Participants Twenty first-year psychology students from Macquarie University participated in return for course credit. All were native speakers of English. Stimuli Sixteen nonwords were used where the two most likely spelling patterns (based on vowel phoneme-grapheme frequency) had a body spelling with either a VCV or a VVC structure. Paired with each of these items were two prime words. One of the prime words had a consonant/vowel structure that had an orthographic body with a VCV sequence, the other used a consonant/vowel structure that had an orthographic body with a VVC sequence (the initial number of consonants was the same as the target nonword). The individual items used appear in Appendix 2. Procedure The procedure was similar to that of the first experiment. However, instead of the experimenter reading the words aloud, the words were recorded, digitised, and played via computer speakers. Participants controlled the pace of presentation by pressing a key on the computer. Results and Discussion Responses that did not conform to a VCV or VVC orthographic body structure were excluded from the analysis. Similarly, responses that had either a VCV or VVC orthographic structure, but were written as an actual word (i.e., lexicalisations), were also excluded. Overall, this meant that 11.04% of the data was removed (16 with VCVC primes; 19 with VVCC primes). Those responses consisted of a number of idiosyncratic responses, with no major pattern predominating. For the analysis, responses were collapsed into two groups. One of the groups contained counts for nonwords spelled with the same consonant/vowel structure as the prime; the other group contained counts of nonwords spelled with the alternative structure. Response counts for individual items appear in Appendix 2. The results were essentially the same as the previous experiment. Overall, 55.44% of nonword spellings used the same initial consonant/vowel structure as the prime word and 44.66% used the alternative structure. A two-tailed t-test examining the difference between the raw results was significant by participants and items, tp(19) = 2.92, SE = .53, p < .01; ti(15) = 2.46, SE = .79, p < .05. The same was true when ratios were used, tp(19) = 2.80, SE = .038, p < .05; ti(15) = 2.45, SE = .045, p < .05. Such a result suggests that people were biased toward spelling nonwords with the same orthographic structure as the beginning of the preceding prime word. The results therefore provide further evidence that people use some form of consonant/vowel representation used when spelling. In terms of the individual prime groups, when a VCVC prime was used, participants spelt the target word with a VCV body 67.59% of the time. Alternatively when a VVCC prime



Australian Journal of Psychology — April 2002



Consonant-Vowel Structure



was used, participants used a VVC body 42.86% of the time. This result is almost identical to that reported in Experiment 1. GENERAL DISCUSSION



The main objective of this study was to investigate whether people, when writing, use a graphemic buffer that has a consonant/vowel status tier. Examining such structure is important, since it allows a test of two alternative spelling models. One of the models, the multiple object spelling model, suggests that a graphemic buffer that has a consonant/vowel status tier exists. The other, the competitive queuing model, suggests that there is no explicit consonant/vowel representation. Similarly, the strength of the priming effect allows a constraint on future models of spelling that are developed by allowing an estimation of the level of feedback from the graphemic buffer to other components of the model. To examine whether consonant/vowel structure in a graphemic buffer exists, two priming experiments were run. Such priming was based on a paradigm previously used to examine lexical effects in spelling (Barry & Seymour, 1988; Campbell, 1983, 1985; Nation & Hulme, 1996). In the experiments reported here, participants first spelt a word that has a consonant/vowel structure that they can spell a following nonword with. The difference between the number of times they used the same consonant/vowel structure as the prime word or a different consonant/vowel structure was then compared. In the first experiment, in terms of orthographic structure, there was a complete overlap between the prime and target words. In the second experiment, all of the letters except the final one overlapped. The results of the experiments were clear: In the first experiment, people more often spelt nonwords preceded y a prime word with the same consonant/vowel structure as the prime word than an alternative consonant/vowel structure. In the second experiment, people more often spelt nonwords preceded by a prime word with the same consonant/vowel structure as the beginning of the prime word than an alternative structure. Those results suggest that the prime words activated a consonant/vowel structure, and that that structure constrained the correspondences that people used to spell the following nonwords. Thus there was a consonant/vowel priming effect on nonword spelling. The results have a straightforward interpretation in terms of the multiple object spelling model. In the model, the prime word would be assumed to activate a consonant/vowel representation. A small amount of the consonant/vowel activation would then be present when the target nonword was activated. This activation would then bias potential nonword spellings through feedback from the consonant/vowel status tier. Although the multiple object spelling model is able to explain the results, the results constitute evidence against the current instantiation of the competitive queuing spelling model. This is because the model suggests that, when writing, a letter-by-letter output occurs from a word in a lexicon, and that consonant/vowel structure is not explicitly represented. This letter-by-letter output means that contiguous sequences of letters cannot be primed, since there is only every memory for letter. For example, if the word dog was input into the model, “d” would be output and then inhibited, “o” would be output and then inhibited, and “g” would be output and then inhibited. Clearly, because of the output and then inhibition process that occurs for each single letter, the CVC structure of dog cannot be stored in anyway such that it can influence other spellings. Therefore, any priming effects in the model must come from either a lexical level or a graphemic level. However, because nonword spelling is largely nonlexical (at least according to the dual-route and competitive queuing model of spelling) and since the nonwords in these experiments
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did not share graphemes with the word primes, it seems unlikely that the differences found were caused by such priming. Rather, the priming appeared to be caused by people using the same contiguous sequence of consonants and vowels. One recourse that the competitive queuing spelling model might have for explaining the data would be to suggest that the prime words were biasing a mechanism that was not explicitly specified in the model. That is, the prime words might be affecting the conscious rules or conscious analogies that Shallice et al. (1997) proposed spellers also use in addition to the other mechanisms they explicitly discussed. However, given that the nonwords used in this study were of a relatively simple syllabic structure (all short monosyllables), it would mean that it would be necessary to assume that these alternative strategies are used all of the time when spelling nonwords, and that there is constant interactivity between those strategies and other parts of the model. Thus, adding a mechanism to the model to account for the data would mean adding an additional mechanism that was neither well specified nor computationally implemented. This would mean that the original model would need to be changed, as it predicts that the majority of nonword spellings are generated automatically through a phonologyorthography network. In addition, it would mean that conscious rule strategies would need to be somehow reconciled with studies showing the automatic generation of non-lexical orthography (e.g., Barry & Seymour, 1988; Kreiner, 1992). That the priming results can be explained by the multiple object spelling model but not easily explained by the competitive queuing model provides support for the existence of a graphemic buffer. However, as was noted by Shallice et al. (1997), the multiple object spelling model is largely representational, and it does not offer any explanation as to how the letters arrive at the graphemic buffer. Rather, the model simply suggests that a consonant/vowel representation exists and that the representation affects spelling. That is an advantage the competitive queuing model has over the multiple object spelling model, since the processes by which word representations are activated was explicitly shown. Note, however, that such processing assumptions are not excluded from the multiple object spelling model. Nothing precludes a spelling model that incorporates the representational description of the multiple object spelling model from using a temporal sequence of phonemes as input to orthography, just as nothing forces such a model to output the letters from a lexicon in parallel. Rather, the assumptions of the multiple object spelling model simply suggest that the letter output is stored at a graphemic buffer, and that that buffer has a consonant/vowel status tier. Given that the multiple object spelling model does not make assumptions about the processes that lead up to the graphemic buffer, it would be possible to combine the serial assumptions of the competitive queuing model with the representational assumptions of the multiple object spelling model. In this case, instead of the letters of nonwords being output from the nonword spelling network one-by-one, the letters would be output to a graphemic buffer. The priming would then be caused by competition at the letter level being biased by activation at the consonant/vowel status tier. In this case, since such networks often produce activation for a number of different letters at a single letter position (as is also hypothesised by Barry & Seymour, 1988), as seen in the simulations of Shallice et al. (1997), it would be assumed that interactivity from the consonant/vowel status tier would partially determine the final letter string produced by the model. Thus, if there were two close competitors, in terms of letters being activated in the same position, activation from a consonant/vowel status tier might be able to cause a bias such that one or other of the
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letters was chosen. Apart from the advantage of being able to explain the present results, allowing interactivity between a lexical and a nonlexical network, rather than a switching mechanism as initially proposed, has the advantage of being consistent with the results of a number of other spelling studies that have suggested that nonlexical and lexical processes are highly interactive (Barry & Seymour, 1988; Kreiner, 1992). In conclusion, this study examined whether the consonant/ vowel structure of a word could be primed when spelling. The results of two experiments suggested that it could be. Those results suggest that a consonant/vowel structure bigger than a single letter exists. The results are therefore evidence against the current instantiation of the competitive queuing spelling model. In that model, letters are presumed to be output one at a time, without being initially stored in a contiguous form in a graphemic buffer. Alternatively, the results support the multiple object spelling model by providing independent evidence for the existence of consonant/vowel structure. Overall, the results suggest that the incorporation of consonant/vowel structure, such as the detailed representational account proposed by the multiple object spelling model, would be a useful avenue for future computational spelling models to explore. ACKNOWLEDGEMENTS
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Appendix 1 Individual Items Used in Experiment 1 and Individual Response Statistics Pron



/ef/



VCV VVC Body Spelling Body Spelling gafe



gaif



VCV Body Prime



VVC e Body Prime



N. Spelt with Same Structure as Prime



N. Spelt with Structure Different from Prime



N. Excluded



lime



loud



9



3



8



/ted/



tade



taid



pike



real



9



8



3



/ræk/



roke



roak



cape



void



10



7



3



/zel/



zale



zail



fine



noun



9



9



2



/bem/



bame



baim



hide



hoof



8



4



8



/ten/



tane



tain



mice



tour



14



4



2



/fæp//



fope



foap



race



suit



8



10



2



/net/



nate



nait



gibe



loom



10



9



1



/pæd/



pode



poad



lake



coin



11



7



2



/jæm/



jome



joam



maze



soup



9



9



2 3



/pæn/



pone



poan



gape



boil



9



8



/hæt/



hote



hoat



mace



foil



9



9



2



/rem/



rame



raim



bite



bout



5



8



7
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Appendix 1 Continued Individual Items Used in Experiment 1 and Individual Response Statistics Pron



/pef/



VCV VVC Body Spelling Body Spelling



pafe



paif



VCV Body Prime



VVC e Body Prime



N. Spelt with Same Structure as Prime



N. Spelt with Structure Different from Prime



N. Excluded



ride



food



10



6



4



1



/truk/



truke



trook



froze



chair



/brul/



brule



brool



close



chair



Average



8



5



7



3



5



12



9.2



7.06



4.25



Note: Pron = Pronunciation; N = Number; VCV = Vowel-consonant-vowel; VVC = Vowel-vowel-consonant; The nonword /brul/ was excluded from the analysis due to the small number of times participants spelled the word with either a VCV or VVC body structure. 1 The word chair was only presented once in each counter-balance group



Appendix 2 Individual Items Used in Experiment 2 and Individual Response Statistics Pron



VCV VVC Body Spelling Body Spelling



VCVC Body Prime



VVCC Body Prime



N. Spelt with Same Structure as Prime



N. Spelt with Structure Different From Prime



N. Excluded



/zel/



zale



zail



fatal



sound



13



7



0



/ræk/



roke



roak



lucid



noisy



6



11



3



/deb/



dabe



daib



naval



boost



11



8



1



/net/



nate



nait



canal



tooth



13



6



1



/pæd/



pode



poad



civil



joint



10



10



0



/rem/



rame



raim



relic



young



9



8



3



/pæn/



pone



poan



visit



hoist



10



9



1



/ref/



grafe



graif



pluto



bloom



9



7



4



/ten/



tane



tain



minus



joust



10



5



5



/bem/



bame



baim



satan



count



9



6



5



/ted/



tade



taid



forum



mound



12



5



3



/slut/



slute



sloot



tribal



bleach



9



9



2



/truk/



truke



trook



placid



grains



8



8



4



/væm/



vome



voam



peril



point



10



10



0



/fæp/



fope



foap



music



point



9



9



2



/hæt/



hote



hoat



timid



lousy



Average



10



9



1



9.88



7.94



2.19



Note : Pron = Pronunciation; N = Number; VCV = Vowel-consonant-vowel; VVC = vowel-vowel-consonant; VCVC = Vowel-consonant-vowel-consonant; VVCC = Vowel-vowel-consonant-consonant
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