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ABSTRACT 

Nickels and Howard (2003) argued that effects of word length on correct responses of a case series 

of nine aphasic individuals could be accounted for entirely in terms of number of phonemes, and 

suggested that effects of complexity on correct responses may have been overstated in the literature. 

In a commentary on this paper, N. Martin, disputed some of Nickels & Howard’s claims focusing on 

methodological issues concerning the differences between analysis of errors and correct productions, 

and the implications of this study for theoretical accounts of word production. Here we respond to 

those points raised.  
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Nickels and Howard (2003) argued that effects of word length on correct responses of a case series 

of nine aphasic individuals could be accounted for entirely in terms of number of phonemes. 

Moreover, they suggested that effects of complexity on correct responses may have been overstated 

in the literature, while acknowledging (and giving an example from their own work) that other factors 

such as number of syllables, syllable complexity or syllable frequency may affect the nature of errors 

and/or correct responses for other individuals. In a commentary on this paper, N. Martin, disputed 

some of Nickels & Howard’s claims. We will address each of her points in turn. 

 

Investigating correct productions to determine the source of word length effects in word production 

As Martin notes, the empirical approach taken by Nickels and Howard (2003) was to focus on correct 

productions rather than errors. We used the ‘critical variable’ approach (Shallice, 1988) to investigate 

whether word production in aphasia was affected by word length (in terms of phonemes or syllables) 

or by syllabic complexity (in terms of number of clusters).  

We chose to focus on the factors affecting correct responses rather than on analysis of the 

characteristics of errors. The latter has been more common in the previous literature on speech 

sound errors. While noting that there was much to be learned from such analyses, we argued that 

there were a number of hazards, Martin suggests that these hazards will also apply to correct 

responses. If we take each of our concerns regarding error analyses in turn (below), it becomes 

apparent that while correct responses may be subject to some of the same concerns, overall there 

are greater difficulties with error analyses. 

• Error analyses are rarely comprehensive.  

As errors can be difficult to classify, and/or may fall into more than one category (e.g. 

semantically and phonologically related to the target, phoneme substitution and omissions within 

the same word), authors are often compelled to analyse only ‘simple’ errors. As Nickels and 

Howard note this missing data may introduce systematic bias into the analysis. In contrast, 

correct responses are easier to define and classify and hence analyses can be comprehensive. 

• A speech sound error at one point in the word may affect the probability of a subsequent 

error.   

If this is true, analysis of the properties of errors (e.g. omissions vs substitutions; whether or not the 

errors are higher or lower on the sonority gradient than the target) are difficult to interpret. While, as 

Martin points out, this may also be true for correct responses (and clearly is for Dell et al, 1997, see 

below) for correct responses we are not evaluating each phoneme individually, and hence the 

problem of lack of independence is not relevant statistically.  

• Speech production is characterised by pre and post articulatory editing. 
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Obviously, error analyses can only be performed on overt errors. Unfortunately, as speakers 

(including aphasic speakers) monitor their output before and during articulation(Oomen, Postma, & 

Kolk, 2001), potential errors may be detected before production and no overt response produced, or a 

partial response produced (which may or may not contain erroneous phonemes). As before, we have 

no way of knowing whether those errors detected are of a particular type, and hence whether 

systematic biases are introduced into the data in this way. As Martin notes, analysis of the first 

response can help reduce the problem of multiple attempts. However, we would argue that by 

analysing the first full response (and ignoring fragments, false starts etc) important information is lost 

and once again potential bias introduced (hence the use of a strict first response criterion in Nickels & 

Howard, 2003). Moreover, we would argue against the scoring of final responses in investigations of 

the processes affecting word production, as these will reflect monitoring processes and self-correction 

strategies to a greater extent and hence be less informative regarding the automatic processes 

involved in word production. 

Of course, if an aphasic participant uses pre-articulatory editing to prevent production of an error and 

their first overt response (but their ‘second’ attempt at the target) is a correct response, this will also 

affect the reliability of analyses of correct responses1. Once again however the frequency of 

occurrence, and hence the degree of impact, is likely to be less than for error analyses. This is 

particularly true in the production of single words where the time course is such that there is relatively 

little opportunity for monitoring before the start of articulation. 

• The factors affecting the probability of a correct response are not necessarily the same as 

those affecting the nature and distribution of errors. 

This point serves not to criticise error analyses per se, but to point out that the two different kinds of 

analyses can provide different information. As such it is an argument for the value of both kinds of 

analysis. Martin suggests that “it is quite conceivable that correct and incorrect speech produced by 

brain-damaged individuals is influenced by the same variables” (p.2). In some sense, of course this is 

true, the pattern of items an individual gets wrong is the mirror image of the pattern of items they get 

right, so it impossible for different factors to have an effect. However, once one goes beyond this 

basic ‘right/wrong’ classification and subdivides errors according to type, the same is not necessarily 

true. For example, Nickels (1995) examined the factors affecting the production of semantic and 

phonological errors in aphasic spoken word production, and found that different variables affected 

each type of error. However, each type of error is multiply determined (e.g. semantic errors can arise 

from semantic or post-semantic impairments; Caramazza and Hillis, 1990;Hillis, Rapp, Romani, and 

Caramazza, 1990) and so even within error types different factors may affect the probability of that 

error occurring. Hence, as few aphasic individuals have ‘pure’ unitary lesions to the language system, 

errors of a single type may be the result of different levels of impairment, and variables affecting those 

errors are difficult to interpret, (although the same may be true of interpretation of the factors affecting 

correct responses).  
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Finally, with reference to this issue, let us give a concrete example of how analysis of the factors 

affecting correct responses can prevent us from drawing false or misleading conclusions. A number of 

authors including Wing and Baddeley (1980), Ellis, Miller and Sin (1983) and Martin and Saffran 

(1997) have argued that rapidly decaying phonological representations would result in more errors 

occurring towards the ends of words. Franklin, Buerk and Howard (2003) also described a person, 

MB, with an output phonological impairment whose errors, particularly those of phoneme omission, 

occur towards the ends of words. However, aware that corpora of speech errors in normal people 

attest numerous examples where people select an incorrect phoneme and, as a result, abandon their 

production of a word part way through (Fromkin, 1973), they entertained the possibility that this 

pattern of errors reflected intact error detection rather than decaying phonology. The fact that this 

pattern of preserved and incorrect (omitted) phonemes in errors is open to a number of possible 

interpretations illustrates the degree of ambiguity in error analyses (cf Cutler, 1981). MB’s responses 

did, in fact, yield strong evidence of intact error detection. She produced many sequences of target-

related phonological approximations (‘conduite d’approche’), that could be quite lengthy; but, once 

she had produced a correct response on 98.6% of occasions she produced no further attempts. That 

she almost always stopped after a correct response, and very frequently continued after an error 

shows that she was monitoring her responses for accuracy. Analysis of the correct responses 

provided the critical data for deciding whether her difficulties with longer words were caused by 

decaying phonological representations. Franklin et al showed that the accuracy of both single word 

and single non-word production in reading, repetition and naming was accurately predicted by the 

same model that we (Nickels and Howard, 2003) employed with our subjects, where the probability of 

correct phoneme production was independent of the length of the target word. This result is 

immediately incompatible with the phonological decay hypothesis, under which the probability of 

correct phoneme production decreases with word length. It shows that the pattern of retained and 

missing phonemes in her errors is a consequence of monitoring and error detection. More important, 

it shows that misleading and incorrect hypotheses, based on error analyses were avoided because 

Franklin et al analysed the factors affecting the production of correct responses 

In summary, we agree with Martin that investigation of the factors affecting the production of speech 

errors and the production of correct responses, and study of the nature of the errors can inform our 

understanding of word production. Both sources of data are important, and not without their hazards. 

Nickels and Howard (2003) is one of the first studies that focuses on correct responses, in a field 

which has relied on error analyses with little regard to the dangers. The use of converging evidence, 

that cornerstone of cognitive neuropsychology, is clearly the way forward. 

 

Can we examine syllable complexity without the confound of phoneme length? 

Nickels and Howard argue that because of the nature of syllable structure, the number of syllables, 

the number of phonemes and the number of clusters is necessarily confounded. They present sets of 

stimuli which contrast the number of syllables in words matched for the number of phonemes 
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(inevitably confounded with number of clusters), and contrast the number of phonemes within a 

syllable length (confounded with the number of clusters), and a pairwise matched set contrasting 

singletons and consonant clusters (e.g. sick, stick; confounded with the number of phonemes). Martin 

suggests that one might investigate the effects of clusters independent of the effects of length, giving 

the example, of CCV vs CVC, and VCC vs CVC lists. These lists certainly match for number of 

phonemes and contrast presence versus absence of clusters. However, they may not be without their 

problems. While in Nickels and Howard (2003) the measure of complexity was number of consonant 

clusters, other authors (e.g. Clements, 1990; Romani & Calabrese, 1998) have ranked syllable 

complexity such that CV syllables are the most simple and VCC the most complex (ranking: CV, CCV, 

CVC, VC, VCC). Similarly, if what is important is, for example, onset complexity or coda complexity, 

again number of phonemes in each position and complexity are confounded. Hence, while Martin’s 

suggested manipulations are a valuable additional measure, perfect matching remains impossible.  

 

The implications of Nickels and Howard (2003) for theories of word production 

Martin argues that “it is premature to suggest that “number of phonemes” in a word is a plausible 

source of phonological errors for many aphasic individuals” (p5). We agree and this is not our claim, 

the number of phonemes is not a source of error (within a theoretical account) but a factor affecting 

the likelihood of error. For a group of people that show effects of word length on performance we 

have found that the number of phonemes is the only factor that affects word production accuracy for 

the majority of our sample2. We have shown that for these individuals the number of phonemes is 

sufficient to account for their length effects and phonological errors in repetition, with no need for 

recourse to any other factor (e.g. number of syllables or number of clusters). We noted, however, that 

other individuals may show effects of complexity on accuracy and/or error type (e.g. EMM, Nickels, 

1997, 2001; Nickels & Howard, 2000). However, we maintain that effects of complexity on accuracy 

may have been overstated in the past and may in fact be “pseudo effects” as result of the lack of 

control for the confound between complexity and number of phonemes. 

Nickels and Howard’s data do not speak to where in a theory of word production the effects of the 

number of phonemes in the word might arise – ie the ‘source’ of the effects of this ‘factor’ – merely 

that to be adequate any theory of word production must be able to reproduce these data. Minimally, 

this requires that phonemes are represented in the theory at some level. However, some theories that 

fulfil this requirement may not be able to reproduce these data. For example, the interactive account 

of Dell and colleagues (e.g. Dell et al, 1997) incorporates a phoneme level, but in its current form 

predicts better performance on words with more phonemes (see Nickels and Howard, 1995, for 

discussion). Indeed, the claim that the probability of correct phoneme selection is not independent of 

the correct selection of other phonemes is central to this model. This is a direct result of the following: 

the more phonemes in the target that are correctly selected the more likely further phonemes are 

correctly selected as a result of feedback from a lexical level. When Martin suggests that “If they are 

advocating an interactive framework3, it is quite plausible that a deficit at either the stage of 
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syllabification or phonetic encoding would impact phonological encoding, leading to the "number of 

phonemes" effect on accuracy of word production regardless of the locus of impairment”, the onus is 

on her to show that this is true for this model, in an implemented form. As we have pointed out, we 

have good reasons for believing that interactive activation models in their current forms are incapable 

of accounting for our results.    

Levelt et al (1999)’s theory is able to account for these data, but as Martin notes, this theory also 

predicts that it should be possible to find individuals who show effects of syllable frequency or, 

perhaps, the number of syllables on performance (for further discussion of how effects of length might 

be interpreted within Levelt et al, 1999, see Nickels & Howard, 2000). We found no evidence for such 

impairments in our sample.  

 

In conclusion, Martin raised some interesting points for discussion; in response we have expanded 

and clarified our position.  Our fundamental finding – that the probability of correct production of a 

word depends only on the number of phonemes in the word – has not been challenged. While this is 

a result that is easily accommodated by theories where phonemes are independently represented it 

presents a real challenge for models that posit interaction between lexical and phoneme levels. 

Whether such models can rise to this challenge remains to be seen. 
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1 We acknowledge that analysis of the first response is also subject to the risk of a second response 

being incorrect, despite a correct first response. However, we would argue that as a correct response 

was produced that this indicates that the properties of that stimulus make it likely to result in a correct 

response. It is well known that aphasic individuals are rarely completely consistent in their word 

production, and hence some degree of ‘noise’ is to be expected. The effects of this noise can be 

overcome by using large samples and/or repeated measures using the same stimuli. Furthermore, in 

our experience it is rare for most individuals to produce a second erroneous response following a 

correct response. 

2 As Martin notes four individuals show significant effects of phonemes in Analysis 7. An additional 

three cases only ever show significant effects of the number of phonemes on performance and no 

other variable ever reaches significance. Only one individual ever shows a significant effect of 

anything other than the number of phonemes on performance when confounds are controlled. 

Moreover, the probabilistic model of phoneme error alone successfully accounts for the length effects 

for eight of the nine individuals studied. Hence, the number of phonemes is the only factor that affects 

performance for all but one individual. 

3 We do not understand why Martin might think that we were advocating an interactive activation 

model. As we make clear, we think that it is very unlikely that a model of this kind, in its present form, 

can account for our results. We cannot preclude the possibility that an implemented interactive 

activation model that addresses the effects of word length on production could, with suitable 

adjustments, account for our results. The advocates of these models, such as Martin, need to show 

that they can.  

The current version of the model developed by Foygel and Dell (2000) only implements a limited 

vocabulary (5 words) with three phonemes. When we have modified this model to include words with 

more phonemes, we find that it predicts better performance with  longer words (in direct contradiction 

to the finding that, for almost all subjects, performance is worse with words with more phonemes). It is 

now eight years since Nickels and Howard (1995) agued that this model was unlikely to be able to 

accommodate this result. Over this period, the proponents of the interactive activation model have not 

addressed length effects in any publication. In the absence of evidence that this model can simulate 

declining accuracy with increasing length, we suspect that it is incapable of doing so. 
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