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ABSTRACT 

Recent research with both normal and brain damaged people shows that linguistic 

representations are important sources of information in short term memory tasks. This paper 

addresses the role of semantic and phonological information in the performance of two individuals 

with severely impaired short-term memory span (HB & MMG). The performance of these 

individuals is investigated on span tasks manipulating for example, lexicality, imageability, word 

length and phonological similarity, as well as their ability to perform other tasks involving the 

judgment and/or manipulation of phonology (e.g. rhyme judgments, phonological lexical decision, 

segmentation tasks, minimal pairs). 

The subjects’ performance across these tasks provides strong evidence for separate but linked 

language and short-term memory systems, with lexical and semantic representations contributing 

to immediate serial recall. There is also evidence for separate phonological and semantic short-

term stores (buffers) each of which are supported by the corresponding representations in the 

language system. Furthermore, the results support separate phonological stores at input and 

output. Finally a cautionary note is cast regarding the significant role of orthography in many 

tasks previously assumed to reflect manipulation of phonology. 
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INTRODUCTION 

Much recent research with both normal and brain damaged people converges on the idea that 

linguistic representations are important sources of information in short term memory tasks. This 

includes demonstrations, with normal subjects, that recall of lists of stimuli is better for real words 

than non-words (Hulme, Maughan & Brown, 1991; Brener, 1940; Gathercole, Pickering, Hall & 

Peaker, 2001), for high frequency words than low frequency words (Hulme, Roodenrys, 

Schweickert, Brown et al, 1997), for high imageability words than low imageability words 

(Bourassa & Besner, 1994; Walker & Hulme, 1999), and for lists drawn from one semantic 

category than lists of items from different categories (Poirier & St Aubin, 1995). With patients with 

reduced recall, similar effects have been described: lexicality effects (eg. Lambon Ralph and 

Howard, 2000; Knott, Patterson & Hodges, 1997, 2000; Martin and Saffran, 1990), frequency 

effects (N. Martin & Saffran, 1990, 1997; R. Martin, Lesch & Bartha, 1999; Knott et al, 1997, 

2000), imageability effects (N. Martin & Saffran, 1990; R. Martin et al., 1999), and category 

effects (Howard, 1995). 

Explanations for these linguistic effects vary, both on the level at which they occur and the nature 

of the resources called upon. We will distinguish three different kinds of account that differ in the 

role played by lexical and semantic representations in short term recall tasks: 

 

SEMANTIC AND LEXICALITY EFFECTS IN SHORT TERM MEMORY 

(i) Redintegration theories 

In these theories, immediate serial recall of lists depends on a phonological representation of a 

list that decays over time (eg Schweickert, 1993; Brown & Hulme, 1995; Hulme et al., 1997; 

Gathercole et al, 2001). At the point at which an item has to be recalled, if possible, an item is 

produced on the basis of the phonological representation. Where the phonological representation 

has decayed to the point where it can no longer support production of the item, the process 

termed ‘redintegration’ allows partial phonological representations to be reconstructed (or 

completed) of the basis of stored lexical knowledge.  This pattern completion process is not, 

Hulme et al (1991) suggest, conscious or deliberate guessing; rather it is an automatic process 

that is related (in ways that are not specified) to speech perception and production mechanisms 

(Hulme et al, 1997). 

In this account, then, recall is driven primarily by the short-term phonological record. Linguistic 

effects occur only during the process of spoken output; the phonological record itself is 

independent of lexical and semantic knowledge.  
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The probability of redintegration depends on several factors. High frequency words are more 

likely to be reconstructed successfully than low frequency words (Hulme et al., 1997); non-words 

are unlikely to be redintegrated successfully, although Gathercole et al. (2001) argue that 

redintegration may be more likely for non-words that are similar to existing words than those with 

unusual syllables. Brown and Hulme (1995) argue that long words are more likely to be 

redintegrated on the basis of partial phonological information than short words; this is because 

long words have many fewer phonological neighbours and so a partial record is much more likely 

to specify the correct word uniquely. In accordance with this, Hulme et al (1991) found that the 

advantage for words over non-words was much larger for longer stimuli. Because of this Brown 

and Hulme (1995) conjecture that, under conditions where rehearsal is impossible, reverse word 

length effects might be found (p.615). 

The effects of word imageability on span with normal subjects can also be accommodated in this 

view (Bourassa and Besner, 1994), by making the assumption that phonological lexical 

representations for more concrete words are more active because of greater support from 

semantics (but cf. Brown and Hulme, 1992). While this might result from an interaction between 

semantic and lexical representations (eg Dell et al, 1997), it is also compatible with a wholly 

feedforward view of the mapping from semantics to the lexicon, because the semantics of real 

words will necessarily be accessed during list presentation. 

However, the recent results of Walker & Hulme (1999) prove problematic for this view. Hulme et 

al (1997) had found larger word frequency effects for items later in a list, and argued that as recall 

progresses the process of output degrades the phonological trace, resulting in greater reliance on 

redintegration for the later items. When Walker and Hulme (1999) investigated the effects of word 

concreteness in list recall they found the effect of concreteness was equal across all serial 

positions; they conclude that the concreteness effects cannot be due to redintegration of the 

phonological trace. To accommodate their findings they suggest both the phonological store and 

a separate short-term semantic store contribute to immediate serial recall. Both are subject to 

interference by output, but during the process of output degraded traces can be redintegrated on 

the basis of either long-term phonological knowledge, or long-term semantic knowledge. The 

interference with output from the semantic store is smaller because, they argue, semantic 

information is not significantly degraded as recall progresses. 

A number of strands of evidence suggest that redintegration takes place during spoken output. 

First, Gathercole et al (2001) found that the lexicality effect was much more pronounced in serial 

list recall than in a matching span task that did not require spoken list retrieval. Note, however, 

that there was still a lexicality effect in matching span in their experiments (albeit reduced in size), 

showing that the effect could not wholly be attributed to redintegration at output. Second, two 

recent case reports concern patients with selective difficulties in word retrieval, with relatively 
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well-preserved comprehension (R. Martin, Lesch & Bartha, 1999; Knott, Patterson and Hodges, 

2000). Both patients showed normal digit span, but a reduced span for words. Both showed 

effects of both imageability and frequency in word list recall, and, most strikingly, substantially 

better performance for word lists comprised of the names of pictures that could be named 

correctly relative to lists of the names of pictures that could not be named. In tasks that did not 

require spoken retrieval (item and order probes), Martin et al’s patient showed normal levels of 

accuracy, even with low imageability low frequency words that were poorly produced in spoken 

recall. In similar experiments requiring list retention without spoken recall (matching span and 

probe recognition), Knott et al’s patient showed no difference between known and unknown word 

lists1.  

The third line of evidence pointing to an output locus for redintegration effects is provided by the 

results of Besner and Davelaar (1982). They compared visual presentation of lists of pseudo-

homophones and control non-words, presented for spoken recall. There was an effect of pseudo-

homophony (i.e. a phonological lexicality effect) that was found both with silent list presentation 

and with concurrent articulation during presentation.  On the other hand, concurrent articulation 

completely abolished both effects of phonological similarity and syllable length on list recall. The 

conclusion is that the phonological lexicality effect arises from an output phonological code that 

can be accessed during concurrent articulation. (It also implies that there is more than one 

phonological code used in STM tasks – an issue that we return to below). 

Redintegration accounts then postulate that lexical and semantic effects operate only at output. 

The short-term phonological representation is uninfluenced by language mechanisms. Hence, 

this account predicts that no lexical and semantic effects will be found on phonological tasks 

which do not require output (such as phoneme manipulation tasks). In addition, as lexical and 

semantic effects both occur as a result of a single mechanism, it should not be possible to find 

effects of semantics (e.g. imageability effects) without also observing lexical effects on output 

(e.g. reverse word length effects). 

 

(ii) Phonological representations supported by language 

A second type of theory views lexical and semantic effects as reflecting support for phonological 

representations by their corresponding lexical and semantic representations (e.g. N. Martin and 

Saffran, 1997; R. Martin, Breedin & Damian, 1999, R. Martin, Lesch & Bartha, 1999). On this 

view, lexical effects are found because the phonological representations of real words are 

supported by activation of their lexical and semantic representations; non-words are recalled 

purely on the basis of their phonology. Frequency and imageability effects are similarly due to 

stronger lexical and semantic support for high frequency and high imageability words 

respectively. Within this view, there are two distinguishable variants. On one view, espoused by 
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N. Martin & Saffran (1997) “the capacity to maintain activation of generated linguistic 

representations subserves both language processing and STM. When impairment to this capacity 

is mild it disrupts both span performance and the learning of new information, but not language 

performance more generally. When it is severe, both language and span performance are 

affected.” (p644) While they argue that their data show that activation at different levels of 

representation (phonological, lexical and semantic) all contribute to short term memory 

performance, they point out that further buffer mechanisms, whose nature they are reluctant to 

specify, are probably needed to account for the maintenance of order information in list repetition. 

This predicts that when phonological representations are subject to rapid decay, performance of 

phonological tasks, in both input and output will be impaired. Because of interaction with the 

lexical level, both input and output will be worse for non-words relative to real words. One 

consequence of rapid phonological decay will be poor immediate repetition of real words, with 

semantic errors in single word repetition (Martin et al, 1992; 1994).   

In contrast to this, R. Martin, Lesch & Bartha (1999) postulate that buffers at both phonological 

and lexical-semantic levels contribute to short-term memory performance. Representations in 

these buffers are, themselves, supported by the representations within the system used for 

language comprehension and production. In support of this distinction between processing and 

retention (R. Martin & Breedin, 1992), Martin, Breedin & Damian (1999) point out that there is, for 

example, a double dissociation between performance in non-word minimal pair same-different 

judgment tasks (requiring phonological processing but little retention) and tasks requiring list 

recall. 

This account, therefore, predicts that phonological and semantic buffers could be differentially 

impaired. Hence, even when there is severe impairment to a phonological buffer, some list recall 

may be possible using a semantic buffer. Other tasks, such as sentence comprehension, that  

rely on the semantic buffer and not, necessarily, phonological storage, will be relatively well 

preseved.. The distinction between processing and retention, in this account predicts that 

evidence may be found for phonological processing abilities (e.g. non-word minimal pairs) even in 

the face of severe impairments of phonological short term memory.  

 

(iii) Separate phonological and lexical-semantic storage  

The third view is that different and independent resources contribute to short-term recall. Kintsch 

and Buschke (1969) demonstrated that in an order probe task, there was evidence of semantic 

coding supporting recall early in a list of sixteen words, and phonological information supporting 

recall later in the list. In its strongest version (eg Waugh and Norman, 1965), items in a list are 

coded independently in both lexical-semantic and phonological form. Recall is determined by both 
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kinds of storage, which have different properties; in particular, the phonological information 

decays rapidly but is better able to contribute information about item order, while semantic 

information is more durable. The probability of recall of an item then depends on whether it can 

be retrieved from either store. Word frequency and imageability effects reflect more durable 

lexical-semantic storage for high frequency and high imageability words. The lexicality effect is 

due to the lexical-semantic storage for real words, not available to non-words.  

While in many ways this account is difficult to dissociate from that of R.Martin and colleagues 

(above), it does have difficulty in accounting for any interaction between phonological and lexical-

semantic information. For instance, Besner and Davelaar’s (1982) finding of better recall of 

visually-presented pseudo-homophones than control non-words is hard to accommodate.  

 

HOW MANY PHONOLOGICAL STORES? 

The second, independent, issue addressed in this paper is whether there is only a single form of 

phonological storage supporting short-term recall. 

Baddeley’s (1986) model of the phonological component of working memory has a single 

phonological store (PSTS), located at input, whose contents are maintained by a process of 

articulatory rehearsal.  Similarly, Brown & Hulme (1992, 1995; Hulme et al., 1997) argue for a 

single level of phonological storage that is only influenced by lexical knowledge during the 

processes of spoken recall. N. Martin and Saffran (1992) have suggested that the phonological 

representations used in word production and comprehension are the same; phonological storage 

is then a result of activation of representations at a single phonological level. 

There are, however, a number of phenomena that are not easily accommodated within this view.  

Besner and Davelaar’s (1982) finding that concurrent articulation abolishes word length effects 

with visually-presented lists, but does not affect the advantage for pseudo-homophones 

compared with control non-words strongly suggests two phonological codes in short term storage.  

One way to accommodate these findings (and others) was advanced by Monsell (1987; for 

related proposals see also, Howard & Franklin, 1990; Martin, Blossom-Stach, Yaffee & Wetzel, 

1995; Martin, Lesch & Bartha, 1999; Nickels, Howard & Best, 1997). He argued for two 

phonological buffers closely related to the processes of language comprehension and production: 

a pre-lexical phonological store located at input, and an output post-lexical phonological store. 

The process of rehearsal consists of cycling of information between the two buffers. Howard and 

Franklin (1993) argue that representations within the input buffer are needed for tasks involving 

phonological segmentation and manipulation, while the output buffer can hold whole word 

phonology and is required for fluent speech production (cf Shallice.& Butterworth, 1977; Nickels 

et al., 1997). 



 8 

A number of lines of neuropsychological evidence point to separate input and output buffers (see 

Martin, Lesch & Bartha, 1999). One line of evidence depends on a distinction between STM tasks 

that do not require spoken list production, such as list matching or probe tasks, and those 

involving production. Allport (1984) compared the performance of two patients with severe 

restrictions of span in immediate serial list recall. In matching span tasks, one of the patients was 

impaired, in line with his impairment in spoken list recall, while the other showed good 

performance with lists much longer than those he could repeat. Allport interpreted this as showing 

that the first patient had an impairment to an input buffer while the second had an impaired output 

buffer. Supporting evidence comes from further patients whose performance is consistent with 

selective impairment to either an input buffer (e.g. Shallice & Butterworth, 1977; Howard & 

Franklin, 1993; Martin, Shelton & Yaffee, 1994) or an output buffer (Romani, 1992). 

 

In this paper we will describe the performance of two individuals with severe impairments in short 

term memory tasks (HB & MMG) in a series of experiments that probe their ability to use and 

manipulate phonological information at input and output. We will argue that their primary loss is of 

an input phonological short-term store, but that other phonological processing is unimpaired 

(apart from a mild production impairment for MMG). 

 

The experimental section begins with an overview of HB & MMG’s case histories (section 1) and 

background neuropsychological and language testing (section 2), followed by demonstrations that 

they have severely reduced short term memory spans (section 3). Having demonstrated that they 

fit the profile of patients with acquired short term memory disorders, we investigate the factors 

affecting their list recall (section 4). This leads us to argue that, in order to account for the data, a 

theory is required where there are both input and output phonological stores. Moreover, the 

presence of lexical and semantic effects on recall for these individuals supports theories where 

language and short-term memory systems are linked. Finally (section 5), we examine HB & 

MMG’s phonological skills in further detail.  

  

EXPERIMENTAL INVESTIGATION 

1. CASE HISTORIES & BACKGROUND DETAILS 

HB was Austrian-born but had lived and lived in England since the age of 14. Fluent in both 

English and German, he had worked in business, the intelligence services and social work, when 

he suffered a left temporo-parietal stroke at the age of 60. With speech and language therapy 

input, he made a good recovery from his initial aphasia. However, he did not return to social work 

feeling that his speech production was not good enough. He did continue as a lay magistrate, a 
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role that involved understanding the court proceedings but placed few demands on speech 

production. In one-to-one conversation, few language difficulties were evident, with the exception 

of occasional word-finding problems interrupting his expression of ideas. The testing reported 

here was carried out between five and seven years after his stroke, when he died suddenly 

following a further stroke. 

MMG is an English ex-nurse who suffered a left posterior parietal infarct at the age of 52, 

following an anterior myocardial infarct. She had a history of high blood pressure and one 

previous myocardial infarct. This CVA resulted in a dense right hemiplegia and aphasia. 10 days 

after the onset of aphasia she was described as having a mild-moderate comprehension difficulty 

(for spoken and written material) but with good functional comprehension. However, she had a 

marked word finding difficulty with errors being predominantly phonological, although some 

semantic errors were observed. She was also described as having a poor 'auditory memory'. She 

received speech and language therapy for some time and her language skills improved 

immensely. All the testing reported here was carried out between four and five years after her 

stroke, by which time she was able to hold conversations on most topics. She had occasional 

word finding problems and sometimes made phonological errors. She also appeared to have 

difficulty in expressing some more complex ideas. 

 

2. BACKGROUND NEUROPSYCHOLOGICAL & LANGUAGE TESTING 

 

------------------- Table 1 about here -------------------- 

Table 1 summarises the results obtained when HB & MMG were tested on the WAIS-R. Both are 

extremely poor on the digit span subtest.  HB performs extremely well on all other subtests. MMG 

is somewhat less consistent and generally seems less able - she also has mild difficulties with 

arithmetic, object assembly and digit symbol subtests.  This corroborates her opinion that she has 

difficulty with 'logical thinking' especially when under time pressure. Both MMG & HB perform well 

on the NART (New Adult Reading Test). 

 

Word production and Comprehension 

------------------- Table 2 about here  ----------------- 

HB & MMG's performance on the Graded Naming Test (see table 2), although falling within the 

average range, correspond to lower WAIS vocabulary scores and NART scores than either 

obtain. It is probable, therefore, that they would both have achieved higher scores prior to their 

strokes. This is also consistent with the word finding problems they have in conversation. 
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However, despite this mild word-finding difficulty, both MMG & HB achieve scores within the 

normal range for category fluency with both 'concrete' and 'abstract' categories (Franklin, Howard 

and Patterson, 1995). Once again HB performs better than MMG. On average, across all 

categories HB is 158% of the control mean, while MMG is 96% of the control mean. 

------------------- Table 3 about here ----------------- 

 

Several assessments of input processing were performed (see table 3). First, on a test of minimal 

pairs judgments  (using consonant-vowel sequences e.g. /ba ba/; /ba pa/) both HB & MMG make 

few errors, even without lip-reading. This suggests that their processing of auditory stimuli is 

unimpaired. They also show good performance on a lexical decision test even when the word 

stimuli were low frequency and abstract. Moreover, they also provided adequate definitions for 

both the abstract and concrete words in this assessment. For example: MMG defined "kitten" as 

"a baby cat" and "adjective" as "a qualifier of the noun"; and HB defined “meadow” as “a grassy 

place”, and “schism” as “a parting of ways especially ideas or parties”. Both subjects show good 

sentence comprehension on a variety of stimuli including reversible and complex sentences. 

Furthermore, they perform within normal limits on accuracy for virtually all word comprehension 

testing attempted, including comprehension of abstract words. However, while HB shows reaction 

times for visual synonym judgments that are within the control range even for young control 

subjects  (HB: mean RT 1087ms; Young controls: 750-1230ms), MMG is considerably slower 

than the controls (mean RT 2165ms). This suggests that while HB has unimpaired semantic 

processing, MMG’s access to semantic information is somewhat slowed. 

 

Reading, Repetition & Writing-to-dictation 

---------- Table 4 here  ---------------- 

As shown in table four, both HB & MMG show good accuracy for repetition of words (on different 

lists). Both show a small but significant imageability effect but no significant word length effect. 

Both can read aloud words without difficulty, including abstract and irregular words. HB is also 

good at writing to dictation words of high and low imageability, even when they are long. MMG 

has more difficulty in writing – she can write short words with relative ease but has considerable 

difficulty with longer stimuli.  

 

3. IMPAIRMENT IN SPAN TASKS 



 11 

The digit span sub-test on the WAIS showed that both HB and MMG had very poor recall of lists 

of spoken digits relative to normal subjects of the same age, while their performance in other 

verbal tasks was at or above the normal level (with the exception of poor arithmetic for MMG). 

Shallice and Vallar (1990), in reviewing the pattern of performance of patients with selective 

impairments in auditory-verbal short term memory, argue that these patients should show 

reduced span for lists of materials of all kinds (digits, words, letters etc). They also argue that the 

same deficit should be evident in list recall tasks that do not require a spoken response, 

demonstrating that the span limitation cannot be attributed to a difficulty with spoken output. They 

also point out that most patients with STM impairments show better list recall with visual 

presentation than auditory presentation2, reversing the modality effect typically found with normal 

subjects). 

In this experiment, therefore, we compared recall of lists of digits, and phonologically dissimilar 

letters presented both auditorily and visually. The auditory lists were presented at approximately 

one item per second. The visually-presented digit lists were presented as a horizontal row on a 

single sheet, and letters were presented successively for one second in the centre of a computer 

screen. HB was presented with ten lists of each length, and MMG with twenty, except when the 

first four lists of any length were correctly recalled. We also compared recall of auditorily-

presented lists of words under two recall conditions. With verbal recall, the subjects had to repeat 

back the list in order. With a pointing response, they were required to point to a picture 

corresponding to each item from a choice of eight pictures. To prevent visuo-spatial coding of the 

list, the response sheet was only presented at the end of the list, with different spatial 

arrangement of the pictures for each trial. If the difficulty in list recall reflects an impairment of 

auditory-verbal STM rather than a difficulty in generating spoken responses list recall should be 

independent of the method of response. 

Patients with impairments of auditory-verbal short-term memory invariably have difficulty in non-

word repetition (Shallice & Vallar, 1990), although recall of single-syllable non-words is typically 

accurate (Saffran & Martin, 1990). Because non-words, by definition, have no lexical or semantic 

representations, recall of non-words must rely on phonological storage. It has been argued, 

therefore, that non-word repetition ability may provide a very pure estimate of the capacity of 

phonological storage (e.g. Baddeley & Wilson, 1988). We tested non-word repetition with a set of 

one syllable non-words with 2-5 phonemes, and two syllable non-words with 5-6 phonemes. 

There were 10 non-words of each type; the items were presented for immediate repetition in 

random order, on two occasions for HB and one for MMG. 

 

Results 
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-------------Table 5 about here ------------------- 

 

The results of recall of auditorily and visually presented lists of digits and letters are shown in 

table 5. With auditory presentation, HB can only recall lists of two digits reliably, and his span - 

the point at which 50% of lists are correctly recalled - is about 4.13. Recall of visually-presented 

digit lists is much better, with a span of more than six. Recall of letter lists is also poor with 

auditory presentation (span=2.5), and much better with visual lists (span=4.2). 

MMG has a more restricted span for verbal recall of auditorily-presented lists with a span of 2.15 

for digits, and 2.2 for letters. Unlike HB, who shows effectively normal accuracy in recall of 

visually-presented lists, MMG has a severe restriction of visual span. Her span is, however, 

significantly greater for visual than auditory presentation with letters (length 2, z=2.67, p=.004; 

length 3, z=1.82, p=.035)4, and there is a non-significant difference in the same direction with 

digits (length 2, z=0.57, ns). 

The subjects' accuracy in spoken and picture-pointing recall of auditorily-presented word lists is 

also shown in table 5. HB's span is equal in the two response methods (span = 3.3 in both 

cases). MMG shows a tendency towards better recall with pointing responses (pointing span = 

2.3, repetition span= 2.1), because of a slight advantage with lists of length 3, but the difference 

is not significant (Combined S test, z=1.09, p=0.14). 

 

---------------------- Table 6 about here ------------------------ 

 

The subjects' accuracy in non-word repetition is shown in table 6. Both of them are very severely 

impaired, with less than perfect accuracy even with the shortest non-words. Overall performance 

on one syllable non-words is 64% for HB and 30% for MMG, falling on two syllable non-words to 

15% and 5% respectively. 

  

Comment 

Both HB and MMG show substantial impairment in recall of auditory lists of all types that is 

slightly more marked for MMG than HB, especially with digit lists. The most striking difference, 

however, is in recall of visually-presented lists. MMG is severely impaired, although slightly better 

than with auditorily-presented lists. HB shows near normal performance with visually-presented 

lists. 
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This restriction in STM span is not attributable to a difficulty in producing spoken word lists, as 

both subjects show equal performance in repetition span and pointing span. The results in the 

previous section show that both of the patients have good recognition and comprehension of both 

auditorily and visually-presented single words. They are also good at picture naming and single 

word repetition and reading showing that speech production is largely intact5. Nevertheless, both 

subjects are very poor at non-word repetition compared even to other patients with STM deficits, 

suggesting that their phonological storage capacity is very limited. A very mild difficulty in word 

retrieval cannot account for their limitation in span across all types of materials, because, as, for 

example Knott, Patterson and Hodges (1997, 2000) show, digit span can be normal even when 

word retrieval is severely impaired. Furthermore, to the limited extent that the patients show 

difficulties in real word production, they are worse with long words than short words. As the 

results in the next section show, neither subject shows any suggestion of better recall of lists of 

short words relative to long words. 

HB and MMG fit closely to the classic profile of patients with acquired STM disorders. They have 

severely impaired repetition span for auditorily-presented lists of all types, which cannot be 

attributed to difficulties in word recognition or production. 

 

 

4. FACTORS AFFECTING LIST RECALL 

a. Phonological similarity effects in list recall 

With normal subjects, recall of both auditorily and visually presented lists is better for 

phonological dissimilar than phonologically similar items. This phonological similarity effect (PSE) 

shows that phonological storage contributes to span performance. The PSE disappears with 

normal subjects when lists are presented with concurrent articulation (e.g. Baddeley, Lewis & 

Vallar, 1984; Levy, 1971; Peterson & Johnston, 1971), which suggests that articulatory rehearsal 

mechanisms are necessary to encode visually-presented materials into phonological form. 

Patients with STM impairments typically show a PSE with auditory lists, but not with visual lists 

(e.g. Vallar and Baddeley, 1984a; Vallar and Shallice, 1990). 

The patients were presented with lists auditorily and visually at one item per second. Visual 

presentation was of successive items in the centre of a VDU screen. Recall was spoken and 

items were scored correct if they occurred in the correct serial position. Phonologically-similar 

lists were drawn from the letters PVBTDCG and dissimilar lists from the set JSHYLRZ. 

 

-------------------- Table 7 about here -------------------------- 
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Results 

The results are shown in table 7. HB shows no trace of a phonological similarity effect with either 

auditory or visual presentation. MMG shows an advantage for phonologically-dissimilar items with 

auditory lists (Rank sum test, z=2.55, p=.005). With visual presentation MMG shows no effect. As 

in the previous experiment, both MMG and HB show better recall of lists with visual presentation 

than with auditory presentation; the effect, however, is much more pronounced for HB than MMG.  

HB, therefore shows no evidence of holding items to be recalled in a form where phonologically-

similar items can be confused. MMG resembles other STM patients in showing a phonological 

similarity effect only with auditory presentation (cf Vallar & Baddeley, 1984).  

 

b Word length effects in auditory list recall 

The evidence from normal subjects shows that recoding of visually-presented lists depends on a 

process of articulatory rehearsal (Baddeley, 1986). This process of articulatory rehearsal is 

responsible for an advantage for normal subjects in recall of short words relative to long words, 

which disappears with concurrent articulation (Baddeley et al, 1984). If these subjects are not 

using articulatory rehearsal, we would predict no word length effect in list recall with auditory or 

visual presentation.  

Lists of one and three syllable words, matched for imageability and frequency, were presented 

successively at one item per second auditorily and visually, for immediate serial recall. The 

visually-presented lists were matched for the number of letters in the one and three syllable 

words. 

Results 

The results are also shown in table 7. HB shows no significant length effects in list recall at any 

list length (p=0.16 or greater). Combined across lists of all lengths the difference in the number of 

one and three syllable words recalled is not significant (z=0.08, ns). With lists of length-matched 

words and visual presentation there is also is no word length effect. 

MMG  shows a trend towards better recall of two word lists of three syllable words than one 

syllable words (z=1.61, p=0.11, two tailed). With visual lists there is no difference between recall 

of lists of one and three syllable words. 

Thus these results show that neither subject shows a normal WLE (ie better recall of lists of short 

words) with either modality of presentation. There is, then, no evidence that a rehearsal process 

contributes to their list recall. More intriguing is the weak suggestion that for MMG there may be 

reverse word length effect with auditorily-presented lists. 

Comment 
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As discussed in the introduction, Schweikert (1993) has argued that in list recall, lexical 

knowledge can be combined with a decaying phonological trace to produce responses. This 

'redintegration' effect is responsible for the lexicality effect in list recall. This process should 

operate better with long words than short words because longer words have many fewer 

phonological neighbours; as a result a partial phonological trace is more likely to specify the 

correct phonological trace uniquely (Brown & Hulme, 1995). This is the reason why patients with 

impairments to auditory word recognition processes typically show better comprehension of long 

words than short words (eg. Howard & Franklin, 1988; Franklin, Howard & Patterson, 1994). And, 

consistent with this Hulme et al (1991) showed that in normal subjects' list recall the advantage 

for real words over non-words is greater for longer items. 

Our investigation of the phonological similarity effects showed that, with auditory list presentation, 

MMG shows evidence of having a phonologically-coded store contributing to her recall. HB shows 

no evidence of using any phonological storage6. However, HB's list recall is better than MMG's by 

around one item. One possibility is that HB is better able to use lexical-semantic representations 

in STM tasks. In section 2 we showed that while both patients' comprehension of words was 

normal in terms of accuracy, MMG had slow RTs in word comprehension, whereas HB's were 

normal, even in comparison to much younger normal people. MMG's reduced span might, 

therefore, reflect a reduced contribution of semantic information. 

In the next experiment, therefore, we investigated HB and MMG's recall of lists of high and low 

imageability words of one and three syllables. Normal subjects show an advantage for high 

imageability lists in recall. If semantic representations are contributing to these subjects' recall, 

we should expect to find imageability effects, which should be more substantial for HB than MMG 

because he relies more (or perhaps exclusively) on lexical semantic representations in this task. 

Word length was manipulated because of the trend towards reverse length effects in recall for 

MMG in the previous experiment. Since MMG shows evidence of using a (limited) phonological 

trace in list recall, we would predict that she would show a reverse WLE in this experiment, but 

not HB. 

 

c Imageability and word length effects in list recall: evidence for a semantic contribution. 

This experiment investigated recall of auditorily-presented lists of one and three syllable words of 

high and low imageability. The lists were drawn from sets of thirty items matched item-for-item for 

frequency and imageability across word length. The lists of each type presented always included 

the individually-matched items. Presentation was at one item per second. 

Results 
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HB shows better recall of lists of high imageability words (lists 57/80, 0.87 items) than low 

imageability words (lists 17/80, 0.59 items; z=3.88, p<.001), but no effect of word length (one 

syllable words, lists 38/80, 0.74 items; three syllable words, lists 36/80, 0.72 items). 

For MMG there is a significant effect of word imageability for three item lists (high imageability 

words, lists 21/80, 0.65 items; low imageability words, lists 7/80, 0.53 items; z=2.76, p=.003), but 

not with two item lists  (high imageability words, lists 57/80, 0.73 items; low imageability words, 

lists 54/80, 0.66 items; z=0.31, ns). Combined over lists the imageability effect is significant 

(Combined S test, z=2.29, p=.011). 

In contrast to HB, MMG shows a marked reverse word length effect with both two word lists (one 

syllable words, lists 48/80, 0.75 items; three syllable words, lists 63/80, 0.86 items, z=2.38, 

p=.009), and three word lists  (one syllable words, lists 11/80, 0.55 items;  three syllable words, 

lists 17/80, 0.64 items, z=2.12, p=.02). When MMG made overt recall errors a substantial 

proportion of them were phonologically-similar real words (eg. PROW ---> "proud", SPHERE ---> 

"fear"). These errors occurred much more often with short words (25 errors) than long words (6 

errors). This suggests that they may reflect errors in the process of 'redintegration' (using lexical 

knowledge to constrain retrieval of a decaying phonological trace). 

Comment 

Both HB and MMG show better recall of lists of concrete, high imageability words than abstract, 

low imageability words but the effect is much more pronounced for HB than MMG. This result 

supports our hypothesis that both subjects use lexical-semantic representations in recall tasks, 

but that HB relies more than MMG on semantically-coded information. Note that the data 

presented in section 2 show that while HB shows normal access to semantics for both high and 

low imageability words, MMG's access to semantics is slower than normal age-matched controls; 

as a result, MMG may be able to rely less on semantic representations to support immediate 

serial list recall. 

MMG, but not HB, shows significantly better recall of lists of three syllable words than lists of one 

syllable words. Previous results suggest that HB uses no phonological information in immediate 

serial list recall, resulting in no effect of phonological similarity.. In contrast, MMG shows an effect 

of phonological similarity with auditorily-presented lists. If she is using phonological 

representations to support recall, we would predict that they would decay rapidly because they 

cannot be maintained by articulatory rehearsal. Her better performance with longer words in this 

task can then be explained on the hypothesis that a partial phonological trace is more likely to 

specify the correct lexical form with long words than short words. 

 

d. The effects of unattended speech on auditory list recall. 
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With normal subjects, unattended speech reduces list recall with both auditory and visual list 

presentation (Hanley and Broadbent, 1987; Salame and Baddeley, 1982), but the effect is 

abolished with visual list presentation by concurrent articulation (Salame and Baddeley, 1982). 

Baddeley’s (1986) interpretation of this effect is that unattended speech obligatorily enters the 

PSTS, reducing its capacity. 

The previous experiments suggest that MMG, but not HB, uses a PSTS to support auditory list 

recall. On Baddeley’s account, MMG but not HB should show effects of unattended speech on 

recall. We therefore compared spoken recall of auditorily-presented digit lists presented at one 

item per second, in two conditions: with continuous background speech, and with silent 

presentation.  

MMG was tested with lists of length 3. HB was not tested on this task, because he died before the 

experiment could be done. 

Results. 

With silent presentation, MMG recalled correctly 18/30 lists (71/90 items); with unattended 

speech her recall fell to 9/30 lists (54/90 items). This difference is significant (Fisher Exact 

p=.019). 

This result is consistent with MMG using a PSTS to support list recall. 

 

e. Visual coding in recall of auditory lists. 

The results reported above suggest that MMG, but not HB, can use phonological storage to 

support the recall of auditorily-presented lists. HB, however, has a larger auditory span than 

MMG. This suggests that he must be able to use additional resources to support list recall that 

are not available to MMG.  

In addition, the results presented above show that HB is much better at recall of visually-

presented lists than MMG. This strongly suggests that he is better able to use visual coding to 

support short-term recall with visual list presentation. One possible reason for HB’s better recall of 

auditorily-presented lists than MMG is that he is using visual memory to support his performance 

in this task. 

We therefore investigated the subjects’ spoken recall of auditorily-presented digit lists, where 

comparing lists containing one digit that was presented as either a “zero”, a “nought” or an “oh” 

(zero lists), and lists that were made up exclusively of the digits 1 to 9 (digit lists). The occurrence 

of zero/nought/oh digits was evenly distributed across serial positions. The lists of each type were 

presented intermixed with an equal number of filler digit lists, and the subjects were instructed to 

recall the lists exactly as they were presented. 



 18 

Use of visual coding to support list recall should result in difficulty with the zero/nought/oh items 

because their visual form as digits is identical. If HB is using visual coding in these tasks we 

would, therefore, expect him to find particular difficulty with the zero lists. 

Errors were classified as a zero substitution where the incorrect label (zero nought or oh) was 

produced to a zero/nought/oh item. 

Results 

HB was tested with 24 lists of each type of length 4. Overall he recalled 8/24 digit lists and 4/24 

zero lists: on 6/24 zero lists the only errors were zero substitutions. Digit items were recalled 

more accurately than zero items on the same lists (78% compared to 54%). On zero items 91% 

of errors consisted of zero substitutions. A zero was only substituted for another digit on one 

occasion. 

MMG was tested on 18 lists of length 3, where she recalled 5/18 digit lists and 9/18 zero lists. 

With list length two she scored 21/28 with digit lists and 18/28 with zero lists. No zero 

substitutions occurred. Overall zero items were recalled better than digits from the same lists 

(89% compared to 67%). 

Comment 

The two patients show very different patterns of performance in this experiment. HB makes 

frequent errors substituting zero, nought and oh.  In contrast MMG never makes errors of this 

kind, and is in fact, rather better at these items than digit items in the same lists. This latter finding 

may be related to interlist interference. On average eight lists intervened between an occurrence 

of a zero, nought or oh and the previous identical zero item; in contrast a digit item in the same 

lists had on average 2.2 intervening lists with list length 3 and 4.0 intervening lists with list length 

2 since the previous presentation of the same digit.  

HB’s pattern of performance is compatible with the hypothesis that he is using visual coding in 

this task. It is, however, equally compatible with the use of semantic coding: zero, nought and oh 

have an identical semantic value as digits. After the experiment HB said that he had noticed that 

different forms of zero occurred in the task, but denied that he was writing the lists down in his 

head. His report then favours the possibility that he was using semantic coding in this task. 

In contrast, after this experiment MMG said that “For the first time ever I wanted to turn them into 

whole numbers”, and went on to say “In fact it’s easier when I can visualise it as a number”. This 

suggests that she was using visual coding. As we have shown, however, there is evidence that 

she can use partial phonological information to support auditory list recall. She does not make 

zero confusions because partial phonological information combined with a visual (or, possibly, 

semantic) code is sufficient to disambiguate the forms. HB, however, has no phonological 

information in auditory list recall, and so cannot benefit in this way.  
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f. Recall of visually-presented non-words, pseudo-homophones and real words 

In the short term memory tasks described above (e.g. recall of lists varying in word length), we 

found no evidence that either HB or MMG can use rehearsal in list recall tasks with either auditory 

or visual list presentation. That is, they consistently behave in the same ways as normal subjects 

under conditions of concurrent articulation. 

Besner and Davelaar (1982) showed that, with normal subjects and visually-presented lists, recall 

of pseudohomophones was better than recall of control non-words, and that this effect was found 

with concurrent articulation. They argued that this was due to support of output phonological 

storage by lexical phonological representations.  

Howard and Franklin (1990) showed that the same superiority could be found in a patient, MK, 

who like HB and MMG showed no evidence of being able to rehearse. MK showed much better 

recall of pseudohomophones than control non-words even though he was at chance in deciding 

whether or not a letter string sounded like a real word (phonological lexical decision; see also 

Howard and Franklin, 1993). 

If, as this evidence suggests, output phonological representations can play a role in visual list 

recall when access to input phonology is blocked, either by concurrent articulation or brain 

damage, we should expect to find a similar effect for MMG and HB. 

They were tested with lists of real words (eg. lake, train, bruise), pseudo-homophones (eg. wotch, 

kace, bote) and control non-words (eg. daik, prane, bowce) presented successively at one item 

per second for spoken recall. The pseudo-homophones and control non-words were matched for 

orthographic neighbours (the number of real words that can be made by substitution of a single 

letter), and all the item sets were matched for numbers of letter and phonemes. The lists were 

randomly intermixed, but blocked by list length. HB was tested with lists of length 3 and 4 and 

MMG with lists of length 2 and 3. 

Since MMG has some difficulty in output, particularly with non-words, her data were scored in two 

ways. Strict scoring required items to be completely correct; with loose scoring any response 

sharing just one phoneme with the stimulus was counted correct. Only strict scoring was used 

with HB who has no speech output impairment. 

Results 

-------------------------------- Table 8 about here ------------------------------ 

The results are shown in table 8. For both subjects there is, combined over both list lengths, a 

significant effect of list type (Combined Jonckheere trend test, HB, z=3.72, p<.001; MMG strict 

scoring z=5.11, p<.001; MMG loose scoring z=3.32, p<.001). For HB, recall of real words is better 



 20 

than pseudo-homophones (Combined rank sum test, z=2.33, p=.01); the effect is not significant 

for MMG by either method (strict scoring, z=1.33, p=.11; loose scoring z=0, p=.5). There is a 

trend for better recall of pseudo-homophones than control non-words for HB (z=1.33, p=.09) and 

a highly significant effect for MMG (strict scoring z=4.34, p<.001; loose scoring z=2.79, p=.003). 

Comment 

Better performance with pseudohomophone lists than control non-words shows that there is a 

form of phonological storage available in visual list recall that is supported by lexical phonological 

information. We would argue that this is an output phonological store (see below for further 

discussion).The results of this experiment show that this output phonological store is available to 

support visual list recall for MMG and probably HB. Our finding with MMG that recall of pseudo-

homophones is better than control non-words even with loose scoring shows that the effect 

cannot be simply attributed to a non-word production problem. 

Discussion 

Both of these patients have an impairment in auditory-verbal STM tasks that is apparent for lists 

of digits, words and letters. Their repetition of single items is much better than list repetition, 

showing that a speech production problem cannot account for their limited span. This conclusion 

is supported by the finding that there is no difference between repetition and pointing span tasks 

with digits. In addition the subjects’ good performance in auditory minimal pair judgments, 

auditory lexical decision and word comprehension tasks including synonym judgments and word 

definition, precludes any impairment of their short term memory being due to a difficulty in speech 

perception or language comprehension. 

The subjects then both fulfill the criteria set by Shallice and Vallar (1990) for patients with 

selective impairments of auditory-verbal short term memory. They share a number of further 

features with these patients. First, both have better span for visually-presented than auditorily-

presented lists – a reversal of the modality effect found with normal subjects. Secondly, both of 

the subjects show very poor non-word repetition. Arguably this task is the purest measure of STM 

capacity (at least in subjects with good comprehension and production) as non-words can only be 

retained for repetition in phonological form (cf Gathercole and Baddeley, 1993; Gathercole & 

Pickering, 1999). Repetition of lists of real words, letters or digits may, in contrast, be supported 

by lexical, semantic and/or visual representations. Using non-word repetition as a measure of 

STM capacity, both HB and MMG are very strikingly impaired relative to other STM patients, who 

are typically accurate with one syllable non-words (eg Saffran and Martin, 1990) and in some 

cases can repeat three syllable non-words (Baddeley, Papagno & Vallar, 1988). 

The results also allow us to identify in more detail the components of STM that are available to 

these patients, within Baddeley’s (1986) simple two component model of AVSTM.  
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MMG shows a phonological similarity effect with auditory but not written list presentation. In 

Baddeley’s model, the process of articulatory rehearsal is necessary to recode visually-presented 

lists into a phonological code to be held in the PSTS. Her pattern here is consistent with an 

impairment of the articulatory rehearsal loop. If the rehearsal loop is not functioning, MMG should 

not show an advantage for short words in list recall (a WLE), and she does not. In fact she shows 

a reverse WLE, which we will return to below. Consistent with the indication that she uses the 

PSTS in auditory list recall, we showed that MMG’s list recall was reduced by irrelevant auditorily-

presented speech, which Salame and Baddeley (1982) argue interferes with storage in the PSTS. 

MMG then must have some capacity in the PSTS. However, its capacity is below normal. Craik 

(1971) considers a number of approaches to estimating the size of the PSTS and concludes that 

it can hold about three items; measures of normal subjects’ non-word span show a similar 

capacity (Schweickert and Boruff, 1986). From a rather different perspective, Cowan (2000) 

reviews evidence implying a storage capacity of 3-4 items. Howard and Franklin (1990) show that 

their patient, MK, who has no rehearsal system and no evidence of lexical semantic support in 

STM tasks, has a capacity of at least three items. MMG, despite evidence that she uses lexical-

semantic representations to support list recall has a span of only two digits, letters or words. 

HB shows no phonological similarity effect in list recall tasks (auditory or visual). This suggests a 

profound impairment in phonological short term storage (PSTS), forcing him to rely on lexical, 

semantic and visual representations to support recall. Furthermore, he shows no word length 

effects on list recall, for either auditory or visually presented lists, suggesting that articulatory 

rehearsal is not available to or used by HB.  

Why do MMG & HB show no evidence for articulatory rehearsal? There are two possible 

explanations. One, first advanced by Vallar and Baddeley (1984b), is that with a severely limited 

PSTS there is little to be gained from articulatory rehearsal. The second is that the processes 

needed for rehearsal are impaired. Data relevant to this issue will be presented in the following 

section. 

Both subjects showed better recall of lists of high imageability words compared to low 

imageability words indicating the use of semantic storage in list recall. HB was also impaired with 

digit lists containing zero, nought and oh - items with identical semantic and visual 

representations – showing further evidence for a visual and/or semantic contribution to AVSTM 

tasks. 

Several aspects of MMG’s data suggest that partial phonological representations in the PSTS can 

be used to constrain spoken list recall. First, recall was better for three syllable words than one 

syllable words. As discussed earlier, as one syllable words have many phonological neighbours, 

a partial phonological trace is less likely to correctly specify the correct response than for three 

syllable words which that have few neighbours (Brown & Hulme, 1995). Second, she shows a 
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phonological similarity effect in list recall (but only for auditory presentation). Third, she does not 

make confusions between ‘zero’ ‘nought’ and ‘oh’ in auditory presentation. Finally, as noted 

above, her performance is impaired by irrelevant (unattended) speech during list recall tasks. 

However, while we have evidence that both HB & MMG have impaired PSTS, and moreover that 

they do not use articulatory rehearsal processes, there is also evidence that they do have a form 

of phonological storage available for visual list recall. Both MMG and HB show better 

performance at recalling visually presented lists of pseudohomophones than control non-words. 

The effect was more pronounced for MMG than HB. With MMG this advantage cannot be due to 

semantic support for the pseudo-homophones, evidence presented in section 5.c below, shows 

that she is both very slow and inaccurate at detecting pseudo-homophones and at phonological 

lexical decision; HB is also impaired, although less severely in these tasks. This pseudo-

homophone advantage in list recall must then reflect a form of phonological storage. This pattern 

cannot be accommodated within Baddeley’s model of AVSTM which incorporates only a single 

(input) phonological store, which we have argued is severely impaired for HB and moderately 

impaired for MMG, and moreover that neither of them have access to this store from visual 

material via the articulatory loop. To accommodate this pattern it is necessary to propose a theory 

where there are both input and output phonological stores (Howard & Franklin, 1993; Monsell, 

1987; Nickels et al, 1997).  

How can we localise MMG & HB’s impairments within a theory where there are two phonological 

codes/buffers? From the tasks performed to date, we have evidence that HB and MMG both have 

impairments to the phonological input buffer (PSTS; lack of effects of phonological similarity on 

span) and some evidence that the phonological output buffer is relatively spared (lists of 

pseudohomophones recalled better than lists of control nonwords). We have argued elsewhere 

(Nickels et al., 1997) that the output phonological store can also be used for judging the 

homophony of pairs of visually-presented items, a task which is unaffected by concurrent 

articulation in normal subjects (Baddeley & Lewis, 1981; Brown, 1987; Kinoshita & Saito, 1992; 

Richardson, 1987), and preserved in patients with impairments of rehearsal (Howard & Franklin, 

1993; Nickels, Best & Howard, 1997). Hence we would predict that HB & MMG should be 

relatively unimpaired on homophone judgments. This will be investigated in the next section 

While we have suggested that for MMG & HB the articulatory loop was impaired, within a two 

buffer theory the articulatory loop can be dissociated into two: a component from input to output, 

and a component from output to input. As described below, Nickels et al (1997) have argued that 

the pattern of performance across various tasks requiring generation of phonology from 

orthographic material (e.g. homophone judgments, rhyme judgments) can be used to discriminate 

between different impairments of input to output and output to input. HB & MMG’s performance 

on these tasks will be examined in the section below. 
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Finally, we wish to note a contradiction. We have argued that HB has a severely impaired input 

phonological store/buffer. However, he is able to perform accurately a minimal pairs task with 

nonwords - a task that requires holding and comparing the phonology of two nonwords. Some 

phonological storage must be required to complete this task successfully. In an attempt to resolve 

this problem, we will further investigate HB’s phonological skills below. 

 

5. PHONOLOGICAL SKILLS 

In this section we examine in further detail MMG & HB’s phonological skills, including tasks which 

require generation of phonology from print (e.g. homophone judgments, rhyme judgments and 

those that require manipulation of phonology (e.g. segmentation).  

 

Judgments of phonology from written words  

Nickels et al. (1997) used neuropsychological data to differentiate between three models of short 

term memory: those of Baddeley (1986), Besner (1987) and Monsell (1987). They investigated 

the performance of thirteen span impaired subjects (including HB7) on three tasks involving 

judgments of phonology from written words (homophone judgments, rhyme judgments and 

pseudohomophone detection). When lesioned each of the three models predicts a limited number 

of characteristic patterns of impairment across these three tasks. The patterns of impairment 

found were consistent with the predictions of a theory with separate phonological buffers at input 

and output.  

An impaired input buffer results in poor performance on rhyme judgments (both from written 

words and when given the stimuli auditorily; e.g. do SUN and ONE rhyme?) as this is the level at 

which segmentation of the phonological string into onset and rhyme occurs. Similarly, as lexical 

access is only possible at the level of the input buffer, phonological lexical decision (e.g. does 

BRANE sound like a real word?) and/or pseudohomophone detection (e.g. which of BRANE and 

BRONE is a real word?) will also be performed poorly. But an impaired input buffer does not 

affect the ability to perform homophone judgments (e.g. do (written) MOAN and MOWN sound 

the same?), as this comparison can be performed at the level of the output buffer.  

In contrast, an impairment of the output buffer leads to difficulty with all these tasks as the 

generation of phonology from orthography requires the output buffer (although rhyme judgments 

will be possible in a different modality – i.e. when given an auditory stimulus).   

An impairment of the link from the output buffer to the input buffer would result in impairments on 

written rhyme judgments and phonological lexical decision, as for these judgments to be 

performed phonology must be transferred from the output buffer to the input buffer. However 
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there will be no necessary difficulty on homophone judgments (performed at the output buffer) or 

auditory rhyme (which accesses the input buffer directly from spoken stimuli).   

Finally, an impairment in the link from the input buffer to the output buffer would result in reduced 

span (as this link is required for the cycling of information between the buffers during the process 

of articulatory rehearsal), and poor nonword repetition, but no necessary impairment on any of 

these tasks requiring generation of phonology from written words 

 

a)  Judgments of phonology from written words - Homophony 

HB and MMG were asked to perform the homophone judgments tasks from Nickels et al. (1997). 

Their data were compared to those from nine elderly control subjects. The task involves written 

presentation of 50 pairs each of regular words, irregular words and nonwords for judgments of 

homophony (Coltheart, 1980). 

-------------------------- Table 9 about here  -------------------------------- 

Results: Homophone judgments 

As can be seen in Table 9, on homophone judgments, both HB & MMG perform relatively well.  

In analyzing these and subsequent data where we compare MMG or HB with the performance of 

normal controls, we use ANOVA, with the conditions as a within-subject variable and the groups 

(patient vs control) as a between-subject variable, or t tests comparing the patient to the normal 

participants. Using F or t statistics, the technique takes into account the fact that there is only a 

limited sample of normal control subjects, and tests the null hypothesis that the single subject is 

drawn from the same population as the controls, making the assumption that scores in the normal 

population are normally distributed. For justification of this approach see Crawford et al, (in press) 

and Crawford & Garthwaite (2002) 8. 

Separate ANOVAs were used to compare MMG’s performance and HB’s performance with the 

nine normal controls. For MMG, the results showed that her overall accuracy was just significantly 

worse than the controls (F(1,8)=5.89, p=.041), but she showed a similar pattern to them across 

the three tasks (F2,16) = 2.58, p=.11). Her overall accuracy (88% correct), was just worse than 

the worst normal subject (90%). 

Overall, HB (90.7% correct) was not significantly different from normal controls (mean 96% 

correct; F(1,8)= 2.62, p=.14), and showed the same pattern across the tasks (F(2,16)= 1.63, 

p=.23).  

 

Comment: Homophone Judgments 
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First, HB & MMG’s relatively good performance confirms that it is unlikely that an output buffer 

deficit (which would lead to poor performance) is the cause of their severe impairment on span 

and nonword repetition tasks. MMG, for example, can only correctly repeat 10% of 4 phoneme 

nonwords, and yet correctly judges 80% of nonword homophone pairs. 

Second, the homophone judgment data, taken with the pseudo-homophone advantage in visual 

serial list recall both suggest that HB and MMG have relatively intact ability to access output 

phonology from written stimuli, in a task that does not require overt non-word production. The list 

recall tasks in section 4 show that both patients have a severe restriction in PSTS and also show 

that phonological representations are supported by lexical and phonological representations. We 

would therefore predict that both patients should show below-normal performance on both 

auditory and visual rhyme judgments. 

 

b) Judgments of phonology from written words - Rhyme 

HB and MMG were asked to perform the rhyme judgments tasks from Nickels et al. (1997). Their 

data were compared to those from elderly control subjects.  The rhyme judgment task was 

presented on written form and also aloud for auditory rhyme judgments. The stimuli (Howard & 

Franklin, 1988) comprise four sets of items each containing 15 pairs of words: within the rhyming 

pairs there were pairs that were also visually similar (e.g. root – coot) and pairs that were not (e.g. 

train – crane; “ear rhymes”); similarly within the nonrhyming pairs, there were equal numbers of 

visually similar pairs (e.g. foot – boot; “eye rhymes”) and dissimilar pairs (e.g. doll- hill). 

 

Results: Rhyme Judgments 

On rhyme judgments, both MMG and HB are impaired relative to control subjects (table 9). 

However the pattern across the two tasks is different for each. MMG shows no difference 

between auditory and visual presentations, whereas HB shows a decrement for visual 

presentation which is larger than that shown by control subjects.   

In this experiment, half the stimuli have a conflict between the orthographic similarity and the 

correct response in rhyme judgment (“ear rhymes” and “eye rhymes”) and half do not. In the 

statistical analysis therefore we combined the data into conflicting and non-conflicting categories: 

an effect of conflict will be evidence of use of orthographic information (or, equivalently, 

orthographic interference) in the task. 

An ANOVA using the accuracy data from only the seven normal controls found a trend towards a 

main effect of modality with better auditory performance (F(1,6)=5.25, p=.062) and a trend 
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towards a main effect of conflict with worse performance with conflicting pairs (F(1,6)=4.05, 

p=.091), and no interaction (F(1,6)=1.35, p=.29). 

When HB’s performance was compared to the controls, he was worse overall (F(1,6)= 37.87, 

p<.001). He was more impaired relative to the normal controls with visual than auditory 

presentation (F(1,6) = 16.41, p=.007), although he was worse than normal with both auditory and 

visual presentation when analysed separately (F(1,6)= 41.65, p = .001 and F(1,6) = 32.23 p=.001 

respectively). He also showed a greater effect of conflict than the normal controls (F(1,6)=22.20, 

p=.003) that was significantly less for auditory than visual presentation (F(1,6) = 11.72, p=.014). 

Analysing the two modalities separately, he showed larger conflict effects than the controls, both 

with auditory presentation (F(1,6) = 16.62, p=.007) and visual presentation (F(1,6)=21.44, 

p=.004). 

In summary, these analyses show that HB is impaired in rhyme judgments both with auditory and 

visual presentation. He is more likely to make errors with items where the orthographic rhyme 

conflicts with the phonological rhyme in both modalities, but he shows a greater tendency to use 

orthographic information with visual presentation.  

MMG shows a rather different pattern. She is worse overall than control subjects (F(1,6) = 37.87, 

p=.001), but her impairment is equal with auditory and visual presentation (F(1,6) = 0.66, p=.45). 

Her performance is only worse with conflicting pairs with visual presentation (F(1,6) = 84.2, 

p<.001).  

Comment: Rhyme Judgments 

Converging evidence from normal subjects and analysis of the performance of patients on rhyme 

judgments and related tasks shows that accurate performance requires holding and comparing 

representations in an input buffer. Auditorily-presented material accesses the input buffer directly 

while visually-presented words need to be transferred from the output buffer to the input buffer for 

rhyme judgments (Baddeley, 1986). This process – of transferring from output to input - is 

interfered with by concurrent articulation. 

The results of this experiment show that both subjects are impaired in rhyme judgments with both 

auditory and written presentation consistent with impairment to the input buffer. HB shows 

particular difficulty with items where the orthography is not an accurate guide to the rhyme 

judgments with both visual and auditory presentation, showing that, even with auditory 

presentation, an orthographic code is involved in the task. MMG, in contrast, only shows evidence 

of reliance on orthographic information with visual presentation. 

More striking is the fact that both subjects are very much better than chance in both presentation 

modalities. The rhyme judgment task cannot be performed solely on the basis of orthographic 

information, and so the subjects must be able to access a phonological store from both auditory 
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and visual presentation that, while impaired, is sufficient to support only a moderately impaired 

level of performance. 

 

c) Judgments of phonology from written words – pseudohomophones 

A second task that requires access to input phonology for accurate performance and which 

necessarily involves output to input transfer of information is phonological lexical decision. Both 

patients with impaired conversion from output to input phonology and those with input buffer 

impairments are impaired at this task (Nickels et al, 1997). 

Pseudohomophone detection 

The first version of this task, used with both the patients and 5 normal controls, was untimed 

forced choice pseudohomophone detection. The subjects were presented with a pair of non-

words (eg POAN  BOAN) and asked to decide silently which, when said aloud, would sound like a 

real word. 

-------------------- Table 10 about here -------------------------- 

 

The results are shown in table 10. HB is mildly impaired relative to normal controls, and MMG 

severely impaired. Both, however, are performing at a level significantly better than chance 

(Binomial test, HB p<.001; MG p=.003). 

Poor performance on this task could be due to a difficulty in generating the (output) phonology for 

the non-word stimuli, a difficulty in the process of conversion from output to input, or an 

impairment of the input phonological buffer. Note that their good performance in auditory lexical 

decision precludes an impairment in the lexical decision component of this task. In the 

homophone judgment data presented above, MMG was below the normal range with non-word 

pairs suggesting that she may have a (mild) deficit in generating the phonology for these items 

that could contribute to her poor phonological lexical decision. 

 

Phonological Lexical decision 

The two patients and five control subjects were given a set of 100 non-words, half of which were 

pseudo-homophones, as single items for phonological lexical decision and for reading aloud in 

two separate sessions. 

The results are presented in table 10. ANOVA (with 2 tasks and two subject groups) was used to 

compare the accuracy of each of the patients individually with the normal controls. Overall, HB 

was not significantly impaired relative to the controls (F(1,4)=1.93, p=.24), but there was a 
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significant group x task interaction (F(1,4)= 12.83, p=.023) because his accuracy on phonological 

lexical decision (74%) was worse than the controls (88%), while he was as accurate as them in 

non-word reading (86% and 89% respectively). HB, therefore, shows a selective deficit in 

phonological lexical decision. 

The ANOVA comparing MMG’s accuracy with the controls established that she was very much 

less accurate than the control subjects on both tasks (F(1,4)=30.06, p=.005). At first sight, her 

accuracy in phonological lexical decision is much higher than in reading the items aloud. This 

may, however, be misleading. If we assume that if she can read the item correctly, she judges it 

correctly, and otherwise guesses, her phonological lexical decision would be 72% correct. 

Alternatively, assuming that if she produces a (correct or incorrect) real word response in reading 

she decides ‘yes’ in phonological lexical decision and otherwise decides ‘no’, her PLD accuracy 

would be 70%. Both of these estimates are very similar to her actual accuracy of 67%. It is 

possible, then, that the principle source of her difficulty in both PLD and non-word reading could 

be due to an impairment in generating the correct phonology for the non-word. 

MMG’s accuracy was low in these tasks, and her correct reaction times are way outside the 

range of the controls. In contrast HB’s accuracy was as good as the controls for reading aloud. 

An ANOVA comparing his RTs on both tasks and both word-types with the control subjects 

showed no significant interactions between his performance and that of the controls (F(1,4) < 

2.16 for all effects involving subject group). That is, across both tasks and both types of stimuli 

HB’s non-word reading aloud reaction times are indistinguishable from those of the control 

subjects. 

In reading non-words aloud, both HB and MMG showed significant advantages for real words 

relative to control non-words in terms of accuracy (McNemar’s test, HB p=.006, MMG p<.001; 

one tailed) and latency of correct responses (HB t(36)=1.91, p=.032, MMG t(42)=2.87, p=.003; 

one tailed9). 

 

d) Deriving phonology from written nonwords -MMG 

A further task was designed to investigate the possibility that MMG’s poor performance in 

phonological lexical decision could be attributed to an impairment in deriving the phonology for 

non-words. The experiment varied orthogonally the task – homophone judgments and rhyme 

judgments – and the lexicality of the stimuli – real words and non-words. On the hypothesis that 

she cannot access output phonology reliably with non-words, she will be less accurate with non-

words than real words in both tasks. If, on the other hand, she is able to access output phonology 

(relatively) reliably from non-words, and her performance in rhyme judgments is affected by an 

impairment to the input phonological buffer, she will perform less accurately in rhyme judgments 
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than homophone judgments. Our previous results suggest that input buffer representations of real 

words are supported by lexical and semantic information. If this support affects performance in 

rhyme judgments, she will be better with real word than non-word rhyme judgments. 

There were fifty pairs of words or non-words of each type, half of which either rhymed or were 

homophones and half of which did not. All pairs were orthographically distinct. Tasks were 

presented in a counterbalanced order in blocks of 25 judgments. Pairs of words remained on the 

screen until a judgment was made. Each block was preceded by five practice items. 

Results 

------------------------- Table 11 about here ------------------------- 

The results are shown in table 11. Overall, MMG was significantly less accurate at rhyme than 

homophone judgments (z=1.80, p=.04). There was no overall difference between judgments on 

real words (87% correct) and non-words (84%, z=0.60, p=.36). Since she is equally good at 

homophone judgments with real words and non-words, a difficulty in deriving the phonology of 

non-words cannot account for her performance. She is less accurate at rhyme judgments than 

homophone judgments with non-words (z=1.90, p=.03). This pattern is, therefore, that predicted if 

her difficulty in rhyme judgments is at the level of the input buffer where real word representations 

can benefit from lexical and semantic support. 

As in phonological lexical decision, MMG was very slow at this task. Her correct reaction times 

were log transformed to improve the distribution. ANOVA showed a main effect of lexicality, with 

faster judgments to real words than non-words (F(1,163)=64.28, p<.001), and a main effect of 

task (F(1,163)=30.57, p<.001) due to faster responses in homophone judgments than rhyme 

judgments. The interaction between lexicality and task was not significant (F(1,163) = 0.28). The 

effect of lexicality reflects faster derivation of phonology for real words than non-words, and the 

effect of task the additional processes required for rhyme judgments. 

Thus, it appears that for MMG the lexicality of the stimulus influences the ability to perform a task 

like rhyme judgments. It appears that lexical 'support' for the fading phonological trace (in an 

impaired input buffer) can improve performance on rhyme judgments, in a way that is not possible 

for tasks using nonwords. We do not have data on the nonword rhyme judgments task for HB. 

However, if the lexicality of the stimulus influences a task involving phonological manipulation, 

such as rhyme judgments, then the prediction is that other similar tasks should also show this 

effect. We examined this using tests of phonological segmentation and assembly. 

 

 Tasks involving manipulation of phonology 
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a) Phoneme segmentation & assembly 

------------------ Table 12 about here --------------------- 

We used two tests of phoneme segmentation - Patterson and Marcel's (1992) task and one 

devised by Morag Stuart. Both tasks involve deleting a phoneme from a monosyllabic stimulus 

item (e.g. given 'cold' produce 'old'). Patterson & Marcel's task only involves deletion of the initial 

phoneme, but Stuart's task requires deletion of either an initial or a final phoneme. For both tasks 

half of the stimuli are words and half are nonwords and half the target responses are words and 

half are nonwords. The Patterson and Marcel stimuli were also used in a phoneme assembly 

(blending) task (e.g. given ‘old’ and the sound /k/, produce cold). Control data are available from 6 

elderly controls for the Patterson and Marcel tasks, and from nine year old poor readers (with a 

mean reading age of seven years) on the Stuart task. 

Results 

The results are shown in table 12. On the Patterson & Marcel phoneme deletion task elderly 

control subjects scored a mean of 44.8 (range 39-48) and on phoneme addition a mean of 42.7 

(range 34-47). Both HB & MMG perform below the level of controls on these tasks, and equally 

poorly on the Stuart task (although better than Stuart’s 9 year old poor readers who scored a 

mean of 61.2/160 (38%)). 

Both MMG and HB showed an effect of lexicality of the stimulus. In other words, they were more 

likely to produce a correct response when asked to delete a phoneme from (or add a phoneme 

to) a word than when asked to do this with a nonword. MMG also shows a large effect of the 

lexicality of the response, unlike HB.   

Stuart’s poor readers, show a small, but significant effect of response lexicality (real words 

32.1/80, nonwords 29.2/80) but unlike HB and MMG no effect of stimulus lexicality (real words 

30.5/80, nonwords 30.8/80). 

 

Comment 

For both MMG and HB, the ability to retain the phonology of stimuli is dependent on the lexicality 

of that stimulus. If the stimulus is a word, then the rapidly decaying phonological record can be 

refreshed by feedback from a stored lexical representation. This 'lexical support' of input 

phonology is sufficient to allow manipulation of that phonology to perform tasks such as (word) 

rhyme judgments. Clearly 'lexical support' is not available for the phonological record of a 

nonword and hence the ability to perform phonological tasks is greatly reduced with such stimuli, 

as was also evident in MMG’s nonword rhyme judgments.  
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It is interesting to note that Patterson and Marcel (1992) found no effect of lexicality of either 

stimulus or response on the phoneme deletion task for 6 phonological dyslexic subjects. This was 

despite the fact that the subjects were impaired at this task. In the phoneme addition task, their 

subjects were affected by response lexicality (a significant effect for 4/6 subjects). Unfortunately, 

Patterson and Marcel give no data for effects of stimulus lexicality in this task. 

Although the phoneme manipulation tasks are intended to tap phonological processes, it is 

entirely possible that orthographic representations might be used when performing this task (at 

least in part). We have already established that HB utilises orthographic knowledge in the rhyme 

judgments task (even with auditory presentation). Could orthography also play a role in these 

phonological manipulation tasks? 

 

b) Influence of orthography on the manipulation of phonology 

Two further tests were used to examine the extent to which MMG and HB are relying on 

orthography to perform tasks involving the manipulation of phonology. 

The first was a phoneme deletion task devised by Morag Stuart. Subjects are given a stimulus 

word and asked to delete a sound from that word (e.g. tell me what you get when you take the /n/ 

from “pint”). Some  items have two possible ‘correct’ responses (e.g. “pit” and “pite”), however, 

one of these (pit) is the result of the use of an orthographic strategy (taking the N from letter string 

PINT and ‘reading aloud’ the result) and one the other the result of a phonological strategy (taking 

the /n/ from /paІnt/ and saying the result). Hence a response analysis can give insight into the 

relative reliance an individual has on one or the other strategy. 

The second test that examined the reliance on orthography in phonological manipulation was a 

'spoonerism'  task (devised by DH). In this test two words are presented and the subject is asked 

to switch the initial phonemes of the two words and produce the resulting items (which are either 

words or nonwords). For example, given "right fail" the appropriate response is "fight rail" or given 

"got seen", "sot geen". In addition to half the stimuli resulting in word responses and half nonword 

responses, half the stimuli also allow identification of whether an orthographic strategy is being 

used. For example, given the pair "wool fine", the required response is "full wine"; however using 

an orthographic strategy would result in "fool wine".  

 

Results 

------------------------- Table 13 about here --------------------- 

As we can see in the Stuart pint/pit task (table 13), both subjects are affected by the lexicality of 

the stimulus. In the spoonerisms task, MMG is affected by the lexicality of the response while HB 
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is not. However, (at least where stimuli and responses are words) both subjects perform these 

tasks well10, nevertheless, it is clear that they both rely heavily on the use of orthography 

producing many orthographic errors when there is the opportunity to do so11. Indeed, MMG’s use 

of orthography to assist her performance in the spoonerisms task was often overt. For example, 

given ‘dark’ and ‘foot’, she said “F has to go to dark, F- A- R- K, how do you say that? I don’t 

know how to say that. D on the other side so its D- O- O- T”. 

Thus, HB and MMG’s reliance on orthography to perform these phonological manipulation tasks 

makes it likely that they are also using orthography to perform the similar phonological 

manipulation tasks reported earlier (Patterson and Marcel (1992) and Stuart phoneme deletion 

and addition tasks).  

Comment 

In summary, despite the lack of evidence for phonological memory on span tasks, it is clear that, 

both MMG and HB do have some ability (and more than one might expect) to hold and 

manipulate phonological material. This memory is clearly heavily restricted, so they are reliant on 

'top-down' processing resulting in huge lexicality effects, and the use of orthography to support 

their poor phonological memory. Do we have any further evidence of their phonological abilities 

on tasks where lexical influences cannot play a part?  

 

Supra-span minimal pairs task 

We have already discussed HB & MMG’s performance on a minimal pairs task, where pairs of 

monosyllabic nonwords (half of the pairs differing by one phoneme) are judged for identity. Both 

subjects performed well on this task (despite being poor at repeating monosyllabic nonwords). 

We decided to use this task as the basis of a more stringent test of their phonological memory for 

nonwords. We presented 140 pairs of spoken nonwords, 35 monosyllabic ('short' e.g. dak) and 95 

trisyllabic ('long' e.g. 'bedisol’). For both long and short nonword pairs, approximately 45% were 

identical pairs and in 55% of pairs the stimuli differed in one or more phonemes. The short stimuli 

contained three phonemes (CVC) and could differ in either the initial or final phoneme. The long 

stimuli contained seven phonemes (CVCVCVC) and could differ in several ways - either by one 

phoneme in initial, medial (phoneme 3) or final position, or by two phonemes in either positions 3 

and 7, or positions 1 and 5. The task was presented in three ways: either the stimuli were said 

immediately after one another, or there was a five second unfilled delay between each member of 

a stimulus pair, or there was a five second filled delay between each member of the pair during 

which the experimenter counted to five. The results are shown in table 14. 

 

------------- Table  14 here ----------------- 
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Results 

Both HB and MMG perform relatively accurately on this task when there is no delay between the 

members of a stimulus pair. Similarly, although both patients show a decrement in performance 

with five seconds delay (particularly with the long stimuli), they still perform relatively well, and are 

significantly above chance even with the long stimuli (MMG: filled delay, long stimuli: Binomial, 

p=0.0002 (1 tail); short stimuli: Binomial, p= 0.003 (1 tail); HB: filled delay, long stimuli: Binomial, 

p<0.0001 (1 tail); short stimuli: Binomial, p< 0.0001 (1 tail)). 

 

 

Comment 

Both HB and MMG perform relatively well on this task, which requires phonological storage and 

where lexical support is not possible. However, we have argued above that both HB & MMG rely 

heavily on the use of orthography to perform tasks that are designed to reflect phonological skills. 

Is it possible that they are using orthographic recoding to perform this supra-span nonword 

minimal pairs task? We would argue not: both HB & MMG are extremely poor at writing nonwords 

to dictation. HB managed to write only 1/20 mono and disyllabic nonwords successfully and MMG 

failed to write any nonwords of a set of 13 one, two and three syllable stimuli. It is therefore 

implausible that the use of orthography could assist them in performing this difficult minimal pairs 

task. Similarly, as these stimuli are nonwords, there is by definition, no opportunity for lexical or 

semantic ‘support’. Hence, we would argue that this task truly shows evidence for surprisingly 

good phonological storage in two patients who otherwise show extremely poor short term 

memory and we have argued have marked impairments of the phonological input buffer (PSTS). 

HB & MMG can only repeat around 60% of three phoneme monosyllabic nonwords, and less than 

15% of disyllabic nonwords. Furthermore, both subjects show marked effects of stimulus lexicality 

on both span and phonological tasks, with nonwords being markedly impaired (and for MMG 

often impossible).Yet in this task, they can successfully judge whether pairs of long (3 syllable, 7 

phoneme) nonwords are identical even with a delay. Why is it that they perform better than would 

be expected from the lack of evidence for phonological memory on span tasks? We shall discuss 

this apparent conflict in detail below. 

 

GENERAL DISCUSSION 

SUMMARY OF EXPERIMENTAL INVESTIGATION 
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This paper has described the performance of two people, HB & MMG, with acquired impairments 

of short-term memory. First, in section 2, we demonstrated that they both had unimpaired 

processing of auditory stimuli, unimpaired semantic processing (although MMG’s access to 

semantic information is somewhat slowed), and generally intact speech production processes. 

We went on, in section 3, to demonstrate that they showed the classic profile of patients with 

acquired short term memory (STM) impairments: severely impaired repetition span for auditorily 

presented lists of all types, which cannot be attributed to difficulties in word recognition or 

production. Both HB & MMG show superior recall of visually presented lists (although, while HB 

has recall at normal levels for visually presented lists, MMG is impaired). Having established that 

HB & MMG were span impaired, in section 4 we investigated the factors that affected their list 

recall.  

When we investigated the effects of word length and phonological similarity on recall of visually 

presented lists, neither HB nor MMG showed an effect of either variable. This pattern is 

consistent both with other patients with STM impairments (e.g. Vallar & Baddeley, 1984a; Shallice 

& Vallar, 1990), and normal subjects when lists are presented with concurrent articulation (e.g. 

Baddeley, Lewis & Vallar, 1984; Levy, 1971; Peterson & Johnston, 1971). This, we argued, is 

because visually-presented materials are not recoded into phonological form to support recall.  

In recall of auditorily presented lists, as with visually presented lists, neither HB nor MMG showed 

the advantage for short words characteristic of normal subjects, which, it has been argued, 

reflects the process of rehearsal for auditorily presented lists (e.g. Baddeley, 1986). Hence, the 

evidence suggests that rehearsal is not available to HB and MMG. HB also showed no effect of 

phonological similarity on list recall for auditorily presented lists, showing that phonological 

storage does not play a major role in his short-term storage. In contrast, MMG did show an effect 

of phonological similarity, suggesting that a phonological store does contribute to her recall. This 

is supported by the fact that unattended speech, which Baddeley (1986) argues reduces the 

capacity of the PSTS, reduces her recall. However, as the store has been argued to have a 

capacity of three items by, for example, Craik (1971), and MMG has a span of two, this store 

must be impaired.  

 

Lexical and semantic information in auditory list recall 

Like normal subjects, both HB & MMG showed evidence for use of semantic representations in 

list recall – performance was more accurate with concrete, high imageability words, than abstract, 

low imageability words (although the effect was more pronounced for HB, and also demonstrated 

for him with confusions in the ‘zero/nought/oh’ recall task). In addition, MMG showed evidence of 

using lexical-phonological representations – she shows a reverse length effect in recall of 



 35 

auditorily presented lists, that we argued was the result of using a partial phonological trace to 

support retrieval of lexical forms. 

 

Phonological recoding of orthography  

In recall of visually presented lists, both HB & MMG showed an advantage for real words 

compared to nonwords, showing that they used lexical (and/or semantic) representations to 

support list recall. However, nonwords that were pseudohomophones were also recalled more 

accurately than control nonwords (a more pronounced effect for MMG than HB). Hence, we can 

argue that there is a form of phonological storage available for recall of visually presented lists 

that is supported by lexical information, although, with visual presentation, neither shows a 

phonological similarity effect – usually seen as evidence of phonological storage. This conundrum 

could, we argued, be resolved by proposing that they had intact access to a phonological output 

buffer postulated by theories of short term memory that have separate input and output 

phonological stores (e.g. Howard & Franklin, 1993; Monsell, 1987; Nickels et al, 1997).  

In support of this account, HB & MMG showed good performance on a homophone judgment 

task, that Nickels et al (1997) argue also relies on the phonological output buffer. In contrast, they 

are impaired in both rhyme judgments, and phonological lexical decision, consistent with an 

impairment to the input phonological buffer (PSTS). 

 

Orthographic influences on phonological tasks 

Considering their severe phonological input buffer impairment, HB & MMG both showed a 

remarkable ability to perform ‘phonological’ segmentation and assembly tasks, but only when the 

stimuli were words. However, further testing - as in, for example, the spoonerisms task - revealed 

that this was most probably due to the use of orthography to perform these tasks. The lexicality 

effects in these tasks can also be accounted for by the use of orthography as neither individual 

could write nonwords to dictation. 

The fact that the majority of these so called ‘phonological manipulation’ tasks can be successfully 

performed relying on orthographic codes is an important cautionary note for the interpretation of 

these tasks in general. This will be discussed in further detail below with particular reference to 

the literature on phonological dyslexia.  

 

Phonological abilities without Phonological Short Term storage 

The final task that was described was minimal pairs judgments that included long (3 syllable, 7 

phoneme) nonwords. HB & MMG performed this task successfully, and were achieving 
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respectable, although less than perfect, performance even with a filled delay. While this is the 

most striking of the tasks requiring retention of phonology, this task is not the only one involving 

judgments of phonology that they can perform, HB also performs relatively well on 

pseudohomophone detection and phonological lexical decision, with MMG performing above 

chance (as she does on nonword rhyme judgments). 

SEMANTIC AND LEXICALITY EFFECTS IN SHORT TERM MEMORY 

Both HB and MMG are severely impaired in STM tasks that are usually considered to rely to a 

considerable extent on short-term phonological storage. In particular they are both severely 

impaired in non-word repetition even with single one syllable non-words. If, as Gathercole and 

Baddeley (1993) argued, this is one of the purest tests of phonological short-term storage, 

because the availability of lexical and semantic information to support performance is minimised, 

this makes them the people with the most severe impairments of phonological short term memory 

yet reported. Their difficulty in non-word repetition cannot be attributed to a problem in phoneme 

perception as both patients are very good at auditory minimal pairs and in auditory lexical 

decision, and word repetition is far superior to nonword repetition.  

In HB’s case, difficulties in non-word assembly and production cannot be the cause of his 

impairment in non-word repetition, because his reading of non-words is as good as control 

subjects in terms of both accuracy and latency. In fact he is, in terms of non-word repetition, more 

severely impaired than any patient reported in the literature. There are many other sources of 

evidence that he does not use phonological storage in short term memory tasks, including that his 

span is consistently unaffected by phonological similarity and word length. Hence, we have 

argued that HB has effectively no phonological short term store that he uses in immediate serial 

list recall. In contrast, MMG does show some evidence of having some phonological storage, 

albeit reduced. 

How well can the theories described in the Introduction account for the poor performance with 

nonwords relative to words for HB & MMG?  Redintegration theories originally proposed a single 

phonological store which, when stored information was degraded, was supported by lexical-

phonological information at output (Schweickert, 1993; Brown & Hulme, 1995; Hulme et al, 1997). 

In this account, the lexicality effects occur only at output. This is consistent with the data showing 

a pseudohomophone advantage in visual list recall. Moreover, this proposal also fits well with the 

reverse length effect in list recall that was found for MMG. As Brown & Hulme (1995) suggested, 

long words are more likely to be successfully redintegrated on the basis of partial phonological 

information because they have fewer phonological neighbours.  However, HB shows no reverse 

word length effect, but still shows a substantial lexicality effect. This suggests that not all lexicality 

effects occur at output, a view that is supported by, for example, MMG’s selective difficulty with 

non-word rhyme relative to word rhyme and by the fact that large lexicality effects were evident in 
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phonological manipulation tasks (even those which are not performed solely on the basis of 

orthography). That lexicality effects are not entirely attributable to output processes is also 

supported by the finding that, with normal subjects, there is a lexicality effect (although much 

reduced) on matching span (Gathercole et al, 2001). These data seem to be more consistent with 

a theory where both output phonology and input phonology are supported by lexical 

representations (cf. R.Martin, Lesch & Bartha, 1999; N.Martin & Saffran, 1997).  

HB & MMG not only demonstrate lexicality effects on recall, but also clear evidence of the use of 

semantic storage in STM tasks. They both show significant imageability effects on recall, and HB 

shows confusions between the semantically identical stimuli zero, nought and oh, in a digit span 

task. HB shows a larger imageability effect (24%) than MMG (8%) most probably due to MMG’s 

slowed semantic access, and because HB has to rely almost exclusively on lexical semantic 

information in list recall. These effects are consistent with the evidence that non-impaired 

subjects show imageability effects on span (Bourassa & Besner, 1994; Walker & Hulme, 1999), 

as do individuals with impaired semantics and/or word retrieval (e.g. N.Martin & Saffran, 1990; 

R.Martin et al, 1999). This is the first demonstration of strong semantic influences on list recall, 

without pronounced difficulties in either word comprehension or production. 

Hence, it is clear that these data support the position that semantic knowledge can support 

performance on short-term memory tasks. Do we have any evidence regarding the relationship 

between the semantic and lexical-phonological support? One proposal is that semantic and 

phonological information, separately and independently, contribute to short term recall (e.g. 

Kintsch and Bushke, 1969; Martin et al, 1999; Walker and Hulme, 1999). An alternative position is 

that semantic effects are a result of the additional support provided to phonological representation 

from semantics. This account is that assumed by a ‘strong’ version of the redintegration 

hypothesis (see Introduction for discussion) and in explaining the dissociation between recall of 

known/unknown words in patients (where it is commonly known as the ‘semantic binding 

hypothesis’  hypothesis; e.g. Patterson, Graham, & Hodges,  1994). 

The data from HB & MMG seem to support two independent stores, First, HB shows no use of 

phonology in immediate serial recall, but yet manages to recall around 4 digits, 2-3 letters, 3-4 

(pictureable) words. Second, MMG, who has some phonological storage, shows smaller semantic 

effects. In addition, the literature on known/unknown effects draws on patients with profound 

semantic impairments – typically a result of semantic dementia or Herpes Simplex Encephalitis –  

who show severe problems in word retrieval but usually relatively good span and phonological 

storage (e.g. Knott et al, 2000, Lambon Ralph & Howard, 2000). Hence these are patients in 

whom immediate serial recall is likely to rely primarily on a phonological record. Some patients 

show a lexicality effect and no known-unknown difference (so these only use phonology); others 

show both a lexicality effect and a known-unknown difference. This dissociation strongly supports 
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two separate stores: a phonological record supported by lexical phonology, and a semantic 

record supported by semantics – or activation of representations within a semantic system.  

Thus we would argue that the data support separate, independent phonological and lexical-

semantic memory stores (buffers). While HB and MMG have impaired phonological buffers, their 

lexical semantic buffer is intact. This is further supported by the fact that they show good 

sentence comprehension, which, Martin and her colleagues argue, relies on a semantic buffer 

(Martin & Romani, 1994; Martin, Shelton & Yaffee, 1994). 

 

HOW MANY PHONOLOGICAL STORES? 

While Baddeley’s (1986) model included a single short term phonological store, we discussed in 

the Introduction several lines of evidence that have been used to argue for two separate 

phonological stores – an input and output phonological buffer (e.g. Monsell, 1987; Howard & 

Franklin, 1990, 1993; Nickels et al, 1997). The data from MMG & HB provide further support for 

this position. We have argued that they have impaired phonological input buffers (see earlier), but 

relatively intact output buffers supported by lexical representations (pseudohomophone 

advantage in reading). In particular, they show the predicted dissociation (Nickels et al, 1997) 

between relatively unimpaired performance on tasks requiring an output buffer (homophone 

judgments, nonword reading) and relatively poor performance for those requiring the input buffer 

(visual rhyme judgments, pseudohomophone detection and phonological manipulation tasks with 

nonwords). 

 

PHONOLOGICAL TASKS WITHOUT PHONOLOGICAL STORAGE 

How do HB & MMG succeed on long minimal pairs judgments? 

Martin, Breedin & Damian (1999) demonstrate that, within an interactive activation model of word 

comprehension, decay to input phonological nodes results in (i) poor span performance;  (ii) poor 

auditory lexical decision; (iii) relatively good performance with short minimal pairs judgments, but 

poor performance with (2 secs unfilled) delay. The decrement for nonword minimal pairs tasks 

was particularly severe (57% decrement).  

However, this is not the pattern we have observed here: HB & MMG have good lexical decision 

performance; HB shows no effect of unfilled delay on short nonword minimal pairs, and MMG 

shows only a 17% decrement despite a much longer delay than Martin et al used (5 seconds). 

Hence, we can conclude that the phonological record across input phonological nodes is not 

showing pathologically rapid decay in HB & MMG. This pattern of activation across input 

phonological nodes is, arguably, what they use to support minimal pair judgments. 



 39 

Monsell (1985), in an important but neglected review, argued, on the basis of experiments with 

normal subjects, for a distinction between two types of short term phonological storage; Cowan 

(2000) has more recently argued for a similar distinction. Monsell identifies a Type I record that 

consists of persisting activation across a set of pre-existing phonological nodes. A Type II record 

is a representation of a novel structure, with linked units with order explicitly coded. Persisting 

activation is, Monsell argues, susceptible to both decay and interference and lasts for a period of 

less than a minute; it is unaffected by many variables such as phonological similarity. The Type I 

record is primarily responsible for performance with recognition probes. The Type II record can be 

identified with the primary resource used in serial list recall, and is responsible for the classical 

phonological STM effects such as phonological similarity and word length, and provides a 

workspace in which phonological information can be manipulated. 

Under this view, both HB’s and MMG’s good performance on long non-word minimal pairs 

depends on a preserved Type I record of persisting activation across phonological input nodes. 

Consistent with Monsell’s argument, this representation can support good performance in probe 

recognition (minimal pairs), but is susceptible both to decay (unfilled delay) and interference (filled 

delay).  

In contrast, their Type II representations in the PSTS are, as we have seen, severely impaired, 

resulting in their impairments in tasks requiring immediate serial list recall, in tasks requiring 

phonological manipulations (rhyme judgments, addition and deletion, spoonerisms), and in non-

word repetition. 

Independence of phonological storage and representation 

Martin and Saffran (1997) take the position that STM reflects activation patterns across the 

systems used for language comprehension and production. HB & MMG have excellent language 

comprehension and production. In addition, to account for their relatively good performance with 

minimal pairs with unfilled delay, we have proposed that HB & MMG show normal activation and 

rates of decay across phonological nodes. Yet they both are severely span impaired. This pattern 

is incompatible with the view that phonological short term storage reflects only activation of the 

same phonological nodes that subserve language processing (see Martin & Saffran 1997, p644, 

quoted in Introduction). Hence we would argue for the independence of storage and 

representation, on the basis of the dissociations between list recall and language demonstrated 

here. 

The data from MMG and HB suggests that this input phonological activation pattern can be used 

for word recognition, and for holding a phonological pattern for simple same-different judgments, 

but that it is insufficient to support normal levels of performance in tasks that require operations to 

be performed on the phonological information. Such operations include the segmentation needed 
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for rhyme judgments, the phonological manipulations in segmentation and assembly tasks, and 

the conversion into output phonology needed for non-word repetition.  

The relationship between phonological manipulation and reading 

MMG is a phonological dyslexic: she has poor non-word reading relative to real word reading, 

which is very good even for low imageability and irregular words. Like the majority of phonological 

dyslexics she reads pseudohomophones better than control nonwords. 

Patterson & Marcel (1982) argue that phonological dyslexia is caused by impairments to 

phonology, and that these impairments to phonology are evident not only in reading tasks, but 

also in other tasks that require phonological manipulation. And our results show that MMG is 

impaired in these tasks, particularly dramatically where the input is a non-word. However, HB is 

not a phonological dyslexic – indeed his oral word reading is as good as control subjects in 

latency and accuracy with both real words and, crucially, non-words. Yet he shows impairments 

to phonological processing that are as severe as MMG and as severe as many of the 

phonological dyslexics described by Patterson & Marcel (1992). Clearly, then, this points to the 

fact that associations are not good evidence of causality. Further evidence for this is the patient 

LB -  a phonological dyslexic, with good phonological manipulations and poor non-word reading 

reported by Derouesne & Beauvois (1985): a double dissociation with HB. 

How might we reconcile these patterns of data? The answer is, of course, that there are several 

kinds of phonological processing. We would argue that MMG has a post-lexical difficulty in 

phonological production that particularly affects non-words. Her non-word homophone judgments, 

while very mildly impaired relative to controls, are very close to normal; this task requires a 

phonological representation from print. In contrast, her reading of non-words is very much worse 

than normal subjects. Her difficulty in phonological manipulations is, we would argue, at a 

completely different level from this non-word production problem; the input buffer that is impaired 

for both MMG and HB. Hence, in these phonological manipulations tasks, MMG shows an effect 

of stimulus lexicality (whether the ‘to be manipulated’ item is a word or nonword), like HB. 

However, because of her additional non-word production problem she also shows an effect of 

target lexicality (whether the result of the manipulation is a word or nonword), unlike HB. 

There is also an important methodological note to be made regarding these putatively 

phonological manipulation tasks. In both non-impaired subjects and the patients reported in this 

paper, these phonological manipulation tasks depend to a huge extent on the manipulation of 

orthography. Poor performance by phonological dyslexics relative to normal controls on these 

tasks may be due simply to concomitant spelling probs. Hence data from these tasks must be 

interpreted bearing in mind first the spelling abilities of these individuals, and second the fact that, 
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by definition, they will be unable to use orthography to successfully complete “phonological” 

manipulations with nonwords. 

 

SUMMARY  

We have presented data from two individuals with severe STM span impairments. On the basis of 

these data we have argued for a theory where language and short-term memory systems are 

separate but linked, with lexical and semantic representations contributing to recall. We argue 

that there are separate phonological and semantic short term stores (buffers) each of which are 

supported by the corresponding representations from the language system. Furthermore, we 

argue that there are separate phonological stores at input and output. Finally we cast a 

cautionary note regarding the significant role of orthography in many tasks previously assumed to 

reflect manipulation of phonology. 
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FOOTNOTES

 

1 Not all investigations of list recall in patients with severe semantic impairments show the pattern 

evident in these two patients. IW, a patient reported by Lambon Ralph and Howard (2000) 

showed no difference in list recall between known and unknown words, but a substantial lexicality 

effect. This appears to indicate that lexical but not semantic representations supported recall in 

her case, while both lexical and semantic representations support recall for the patients reported 

by Martin et al and Knott et al. 

2 Those patients that do not show the superiority with visual presentation have additional 

impairments in the processing of written words or of visual short term memory. 

3 Where span figures are quoted in the text, they are calculated from the total accuracy summed 

over all list lengths presented, crediting all shorter lengths not presented as 1, plus 0.5 (cf. Vallar 

& Baddeley, 1989). 

4 When recall of lists is compared, significance is calculated using a rank sum test on the number 

of items correctly recalled on each trial for each type of list. This procedure tests the difference in 

accuracy of item recall, but does not assume that recall of items within a list is independent. 

Almost all reports of STM experiments with patients use chi square tests on the numbers of items 

correctly recalled. This assumes, falsely, that the probability of recall of individual items within a 

list is independent, resulting in an inflated probability of a type I statistical error   

5 MMG shows some mild degree of difficulty in speech production. The evidence we present 

shows that the impairment affects non-words (much) more than words, and is at a level 

subsequent to the phonological output buffer. Many people would describe this as Apraxia of 

Speech, but, because this describes a diagnosis with no agreed features and probably multiple 

underlying causes, and because our focus in this paper is on STM and not articulatory output, we 

will not try to detail this further. 

6 Further results reported by Howard (1995) provide converging evidence to support the claim 

that HB has no phonological storage. He showed no phonological similarity effect in recall of word 

lists, and no PSE in a non-word probe task. 

7 Although data is reported here from some of the same tasks as those used by Nickels et al 

(1997), in some cases HB’s results may differ slightly. This is because they are from a different 

testing occasion (chronologically closer to the other assessments reported in this paper). 

However, the basic results and conclusions that can be drawn from them remain the same – if 

anything the test results reported here show a pattern that is more clearly consistent with an input 

buffer impairment. 
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8 Crawford & Garthwaite (2002) describe this technique as using a ‘modified’ t test. This is slightly 

misleading, as the modification consists simply of the simplification that results when the n in one 

group is one. They also suggest that a t test comparing a single subject against a group of normal 

controls gives a p value corresponding to the proportion of the normal control subjects expected 

to show a score this far from the population mean (Crawford et al, in press). In fact with small 

samples the p value tends to overestimate the %ile in the normal population. On the other hand, 

using z scores, as one reviewer suggested, assumes that the population mean and standard 

deviation are known. With small samples of controls this approach overestimates the abnormality 

of an individual’s score (Crawford & Garthwaite, 2002). The t (or F) test is however the correct 

statistic for testing the null hypothesis that the single subject’s score is drawn from the same 

normally distributed population as the controls. To verify this, a simulation was done where one 

score was compared to four ‘normal controls’ where all scores were randomly drawn from a 

single population. In 10,000 of these simulated experiments, 4.91% (95%CI 4.49-5.53%) of the t 

test results had a one-tailed p<.05. In contrast, 11.73% (95%CI 11.01-12.36%) of z scores had a 

one tailed p<.05. Use of z scores with small samples of control subjects clearly dramatically 

inflates the probability of type I error.  

9 The comparison of RTs for HB are based on a related t test for pairs of pseudo-homophones 

and control non-words where both items in the matched pair were read correctly. MMG’s low rate 

of correct responses on control non-words made this approach to analysis impossible. The t test 

reported here is an unrelated t test using all her correct responses to non-words of both kinds. 

While this reduces the power of the test, the result is still highly significant. 

10  Elderly control subjects found the spoonerisms tasks extremely difficult – so much so that it 

became impossible to persuade them to continue with the task. Only one subject completed the 

task and scored 28% correct! On subsets of the stimuli, four other subjects obtained scores of 

63% (n=19); 50% (n=30); 26% (n=19) and 11% (n=19).  

11 Five of the six errors made by MMG to ‘word-word’ stimuli on the spoonerisms tasks were 

where the response was orthographically a nonword. For example: when required to swap the 

initial phonemes of ‘quill’ and ‘sit’, the correct responses are two items which are phonologically 

words (‘swill’ & ‘kit’), hence the classification of ‘word-word’, however, the use of an orthographic 

strategy results in the nonwords SUILL and QIT. 

 



 
 
Table 1.Background Neuropsychological assessment results 
 
 
 HB MMG 
Wechsler Adult Intelligence Scale –Revised 
                                                   Age scaled score 
 
Verbal subtests 
Information 17 12 
Comprehension 16 11 
Arithmetic 13 6 
Similarities 15 10 
Digit span 5 3 
Vocabulary 14 12 
Verbal IQ 122 94 
 
Performance subtests 
Picture completion 14 9 
Block design 14 8 
Object assembly 11 5 
Picture arrangement -- 11 
Digit symbol -- 7 
   
Performance IQ 121 86 
Full scale IQ 123 90 
   
New Adult Reading Test   
Score (/50) 34 29 
IQ equivalent 111 105 
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Table 2: Tests of  word production 
 
Graded Naming 
Test 

HB MMG 

Spoken Score (/30)  19 18 
 %ile  38 30 
Written Score (/30)  21 19 
%ile  57 38 
   
WORD FLUENCY 
(in 2 mins) 

HB MMG Control 
mean  

(range) 

Less abstract categories 
Animals 30 18 22.83 (14-31) 
Colours 22 14 19.50 (12-25) 
Countries 59 20 30.17 (20-46) 
Occupations -- 21 26.5 (13-37) 
Politics 25 13 14.83 (9-29) 
More abstract categories 
Emotions 12 9 9.83 (7-13) 
Religions -- 13 9.83 (6-15) 
Bad Qualities 16 11 9.50 (4-17) 
Sciences 15 8 7.67 (3-13) 
Good Qualities -- 12 8.83 (4-14) 
Politics 25 13 14.83 (9-29) 
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Table 3: Assessments of Comprehension 
[* represents the lower limit of the control range; ** represents two standard deviations below the 
control mean] 
 
 n HB MMG Control Data 
Sentence anomaly judgments 
(Saffran, unpublished) 

225 0.965 0.911 0.920*   
(Mean: 0.965) 

Test for Reception Of Grammar 
(Bishop, 1982) 

80 0.963 0.900  

Birkbeck Reversible Sentences 
Comprehension Test (Byng, 
Black  & Nickels, unpublished) 

70 0.890 0.771 0.786* 

Synonym judgments (Coltheart, unpublished)  
Spoken: high imageability 38 1.00 0.97 .97** 
              low imageability 38 1.00 0.92 .94** 
Written:  high imageability 38 1.00 1.00 .97** 
              low imageability 38 1.00 0.95 .88** 
Concrete and Abstract word to picture matching (Shallice and McGill, unpublished) 
Spoken:  concrete 30 -- 0.97 .93* 
               abstract 30 -- 0.87 .67* 
Written: concrete 30 -- 1.00 -- 
               abstract 30 -- 0.97 -- 
Lexical decision  (Howard & Franklin, unpublished) 
- auditory 180 0.94 0.94 -- 
– definition of correctly identified 
word stimuli 

 0.99  
(n=86) 

0.96  
(n=83) 

-- 

Auditory minimal pairs (Howard, unpublished)  
with lip reading 100 .96 .93 -- 
without lip reading 100 .95 .93 -- 
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Table 4: Reading, repetition and writing to dictation of words. 
[Accuracy of initial response; final response accuracy, where different, in parentheses. Statistics 
reported from analyses of initial responses alone]  
 
Table 4a: Repetition of words of high and low imageability varying in length  
 

HB: Stimuli from Howard (unpublished) 

 1 syllable 
(n=30) 

2 syllables 
(n=30) 

3 syllables 
(n=30) 

Total 

High imageability .93 .97 (1.00) 1.0 .97 (.98) 

Low imageability .90 (.97) .90 (.93) .80 (.90) .87 (.93) 

Total  .80(.88) .93 (.97) .90 (.95) .92 (.96) 

Significant effects: Imageability: Chi Sq (1) =4.65, p=0.031 
 

MMG : Stimuli from Nickels (unpublished) 

 
1 syllable 

(n=50) 
2 syllables 

(n=50) 
3 syllables 

(n=30) 
Total 

High imageability .90 (.96) .94 (.98) .70 (.77) .87 (.92) 

Low imageability .70 (.80) .78 (.88) .77 (.80) .75 (.83) 

Total  .80(.88) .86 (.93) .73 (.78) .81 (.88) 

Significant effects: Imageability: Chi Sq (1) = 6.34, p=0.011 
 

Table 4b.  Reading:  Imageability x Regularity (Howard, unpublished). 

 HB MMG 

 Regular Irregular Regular Irregular 

High Imageability (n=65) 1.00 .89 (.94) .95 (.97) .97 

Low Imageability (n=55) 1.00 .91 (.96) .89 (.94) .85 (.87) 
 
Table 4c. Writing to dictation of words of high and low imageability varying in length 
 

HB: Stimuli from Howard (unpublished) 

 
1 syllable 

(n=30) 
2 syllables 

(n=30) 
3 syllables 

(n=30) 
Total 

High imageability .93 .93 .80 .89 

Low imageability .93 .87 .93 (1.0) .91 (.93) 

Total  .93 .90 .87 (.90) .90 (.91) 

MMG : Stimuli subset  from Nickels (unpublished) 

 
1 syllable 

(n=10) 
2 syllables 

(n=10) 
3 syllables 

(n=10) 
Total 

High imageability 1.00 .50  .50 (.67) .69 (.73) 

Low imageability .80 (1.00) .70 (1.00) .33 (.50) .65 (.88) 

Total  .90 (1.00) .60 (.75) .42 (.58) .67 (.81) 
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Table 5: Immediate serial recall for lists of digits and letters with auditory and visual presentation 
(lists correct; proportion of items correct in parentheses). 
 
 
  List length 
  2 3 4 5 6 

digits - auditory 4/4 (1.0) 8/10 (.94) 5/10 (.75) 3/10 (.76) -- 
digits - visual -- 4/4 (1.0) 4/4 (1.0) 9/10 (.98) 7/10 (.95) 
letters - auditory 7/10 (.85) 3/10 (.60) -- -- -- 
letters - visual -- 4/4 (1.0) 7/10 (.90) 0/10 (.66) -- 
words –auditory - 
repetition 

8/10 (.85) 6/10 (.77) 4/10 (.60) -- -- 
HB 

words – auditory - 
pointing 

4/4 (1.0) 6/10 (.80) 2/10 (.65) -- -- 

digits - auditory 11/20 (.75) 2/20 (.45) -- -- -- 
digits - visual 19/20 (.98) 3/20 (.58) -- -- -- 
letters - auditory 14/20 (.82) -- -- -- -- 
letters - visual 16/20 (.90) 0/20 (.48) -- -- -- 
words –auditory - 
repetition 

11/20 (.75) 1/20 (.40) -- -- -- 
MMG 

words – auditory - 
pointing 

12/20 (.75) 4/20 (.55) -- -- -- 

 

Comment [DH1]: Not 
convinced these changes are 
right! It does agree with text, 
though. 
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Table 6. Non-word repetition (Howard, unpublished): the effects of phoneme length and syllable 
length (n=10 in each cell).  
 
 
  Non-word length 
 No. of syllables One syllable Two syllables 
 No. of phonemes 2 3 4 5 5 6 

Proportion of non-words correct 0.80 0.65 0.60 0.50 0.15 0.15 HB Proportion of phonemes correct 0.95 0.88 0.88 0.81 0.67 0.73 
Proportion of non-words correct 0.40 0.60 0.10 0.10 0.00 0.10 MMG Proportion of phonemes correct 0.85 0.67 0.62 0.72 0.68 0.60 
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Table 7: Effects of phonological similarity of stimuli on recall of lists of letters (PSE), and effects of 
word length on lists of words (WLE). Lists correct; the proportion of items correctly recalled is 
shown in parentheses. 
 
 
   List length 
PSE Modality List type 2 3 4 5 

similar 7/10 (.85) 4/10 (.67) -- -- Auditory dissimilar 7/10 (.85) 3/10 (.60) -- -- 
similar -- 4/4 (1.0) 9/10 (.98) 2/10 (.60) HB 

Visual dissimilar -- 4/4 (1.0) 7/10 (.90) 0/10 (.66) 
similar 14/40 (.53) -- -- -- Auditory dissimilar 24/40 (.76) -- -- -- 
similar 16/20 (.90) 5/79 (.51) -- -- MMG 

Visual dissimilar 16/20 (.90) 5/79 (.55) -- -- 

WLE  

Number 
of 
syllables    

 

One  24/30 (.88) 34/70 (.76) 0/30 (.62)  Auditory Three 27/30 (.93) 38/70 (.82) 0/30 (.56)  
One  -- -- 1/30 (.64)  HB 

Visual Three -- -- 5/30 (.67)  
One  24/40 (.72) -- --  Auditory Three 30/40 (.87) -- --  
One  32/37 (.92) 12/82 (.43) --  MMG 

Visual Three 36/37 (.97) 12/82 (.41) --  
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Table 8: Recall of visually-presented lists of non-words, pseudo-homophones and real words (lists 
correct; proportion of items correct in parentheses). 
 
 
 List length Non-words Pseudo-

homophones 
Real words Total 

3 4/10 (.70) 6/10 (.77) 8/10 (.90) 18/30 (.79) 
4 0/10 (.45) 1/10 (.65) 5/10 (.85)  6/30 (.65) HB 
Total 4/20 (.55) 7/20 (.70) 13/20 (.87) 24/60 (.74) 
2 3/10 (.50) 5/10 (.75) 10/10 (1.0) 18/30 (.75) 
3 0/10 (.17) 5/10 (.77) 7/10 (.87) 12/30 (.60) MMG  

strict scoring 
Total 3/20 (.30) 10/20 (.76) 17/20 (.92) 30/60 (.66) 
2 9/10 (.90) 9/10 (.95) 10/10 (1.0) 28/30 (.95) 
3 0/10 (.43) 7/10 (.87) 7/10 (.87) 14/30 (.72) MMG  

loose scoring 
Total 3/20 (.62) 10/20 (.90) 17/20 (.92) 30/60 (.66) 
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Table 9: Performance on homophone and rhyme judgments      
 
 

 n HB MMG Control mean (range) 

HOMOPHONE JUDGMENTS     

Regular Words 50 .88 .90 .97 (.92-1.0) 

Irregular Words    50 .92 .94 .97 (.96-1.0) 

Nonwords    50 .92 .80 .93 (.82-1.0) 

Total 150 .91 .88 .96 (.90–1.0) 

 

RHYME JUDGMENTS  Oral Written Oral Written Oral Written 

Total 60 .92 .80 .85 .85 .99  

(.97-1.0) 

.97 

(.93 -1.0) 

Ear (train - crane) 15 .93 .93 .87 .80 .99 

(.93 -1.0) 

.99 

(.93 -1.0) 
Rhymes 

Both (root - coot) 15 1.00 .93 .60 .87 1.00 .98 

(.87-1.0) 

Eye (foot - boot) 15 .80 .40 1.00 .73 .97 

(.87 - 1.0) 

.92 

(.80-1.0) Nonrhymes 

Not (doll - hill) 15 .93 .93 .93 1.00 1.00 1.00 

        

Auditory/Visual Difference  .12 .00 .02 
(.00-.05) 
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Table 10: Performance on tasks involving nonwords and pseudohomophones  
 
 

 
 HB MMG Elderly Controls 

 n= Accuracy RT (sd) Accuracy RT (sd) Mean accuracy 
(range) 

Mean RT 
(range) 

Pseudohomophone 
detection  

50 .88 -- .70 -- .96            
(.91-1.00) 

-- 

Phonological lexical decision: 

Total 100 .74  .67  .876           
(.78 -.94) 

 

Pseudohomophones 50 .82 1985 
(798) 

.54 3799 
(2637) 

.848           
(.62-.98) 

1413 

(1052-1886) 

Control nonwords 50 .66 3104 
(943) 

.80 9150 
(3608) 

.904           
(.82-.96) 

2136 

(1837-3466) 

Reading Aloud:        

Total 100 .86  .44  .876           
(.81-.95) 

 

Pseudohomophones 50 .94 831   
(124) 

.68 4165 
(3078) 

.906            
(.82-.98) 

901 

(748 –1068) 

Control nonwords 50 .78 889   
(152) 

.20 7748 
(4668) 

.854            
(.76-.94) 

914 

(786-1073) 
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Table 11: MMG, word and nonword rhyme and homophone judgments (n=50 in each cell) 

 

 

MMG Nonword homophone Nonword rhyme Word homophone Word rhyme 

 Yes No Yes No Yes No Yes No 

accuracy 0.88 0.96 0.76 0.76 0.88 0.88 0.80 0.92 

RT mean 7089 4182 8133 8656 2754 3767 4063 5598 

      sd 3253 1279 5203 4130 2851 2820 2420 3004 
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Table 12: Phonological Manipulation tasks 
 
 

Patterson & Marcel 
(1982) n=12 

HB MMG 

Stimulus  Response Delete Add Total Delete Add Total 

Word Word 10 5 15 10 11 21 

Word Nonword 12 8 20 5 2 7 

Nonword Word 8 8 16 3 8 11 

Nonword Nonword 6 3 9 1 1 2 

 Total 
36/48 
(75%) 

24/48 
(50%) 

60/96
(63%) 

19/48 
(40%) 

22/48 
(46%) 

41/96
(43%)

Stuart n =20 
  

Stimulus  Response Single C Cluster Single C Cluster 

Word Word 17 14 18 - 

Word Nonword 11 12 15 - 

Nonword Word 11 6 5 - 

Nonword Nonword 12 7 0 - 

 Total 90/160 

(56%) 

38/80 

(48%) 

 

TOTALS P&M Stuart P&M Stuart 

Word 
source 

35/48 54/80 28/48 33/40 
Source 
type Nonword 

source  
25/48 36/80 13/48 5/40 

Chi Sq. (1.d.f.)      
(p=) 

3.6 
(.058) 

7.34 
(.007) 

8.34 
(.004) 

36.54 
(<.001) 

Word 
target 

31/48 48/80 32/48 23/40 
Target 
type Nonword 

target  
29/48 42/80 9/48 15/40 

Chi Sq (1.d.f.) 

(p=) 

0.04 
(.833) 

0.63 

(.426) 

 

20.60 
(<.001) 

2.46 

(.117) 

 

 



 65

 

 

Table 13: Orthographic influences on phoneme manipulation 

 

 

Stuart segmentation PINT/PIT task 

Correct responses (both orthographically and phonologically mediated responses 
counted as correct) 

Stimulus HB MMG 9.5yr old ‘good’ 
readers 

Word .92 1.00 .48 

Non-word .50 0.00 .45 

On the items where an orthographic strategy could be applied 

Stimulus HB MMG 9.5yr olds 

 Phonol Orth Phonol Orth Phonol Orth 

Word 0.0 .83 .14 .86 .33 .35 

Non-word .17 .33 0.00 0.00 .57 .11 
 
 

Spoonerisms Task: 

 

 HB MMG 

 n Correct Orthographic Correct Orthographic 

Word to word 15 10 -- 13 -- 

Word to word (orth) 15 9 5 0 11 

Word to non-word 15 12 -- 0/3 -- 

Word to non-word (orth) 15 3 9 0/3 0 
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Table 14: Difficult (long) minimal pair judgments 
 

 

  HB MMG 

 n Immediate Unfilled 
delay 

Filled 
delay 

Immediate Unfilled 
delay 

Filled  
delay 

Total 150 .94 .86 .82 .94 .84 .72 

        

Short 35 .94 .94 .94 1.00 .83 .74 

Long 105 .95 .85 .79 .91 .83 .68 
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