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Abstract 

Models of phonological short-term memory (pSTM) generally distinguish between two 

components: a phonological buffer and a subvocal rehearsal. Evidence for these two 

components comes, respectively, from the phonological similarity effect and the word length 

effect which disappears under articulatory suppression. But alternative theories posit that 

subvocal rehearsal is only an optional component of the pSTM. According to them, the 

depletion of the length effect under articulatory suppression results from the interference of 

the self-produced speech rather than the disruption of subvocal rehearsal.  

In order to disentangle these two theories, we tested two patients with a short term memory 

deficit. FA, who presents a pseudoword repetition deficit, and FL, who does not. FA’s deficit 

allowed for the observance of an ecological case of subvocal rehearsal disruption without any 

articulatory suppression task. FA’s performance in pSTM tasks reveals as controls a 

phonological similarity effect, and contrary to controls no word length effect. In contrast, the 

second patient, FL, exhibits the same effects as control subjects. This result is in accordance 

with models of pSTM in which the word length effect emerges from subvocal rehearsal and 

disappears when this latter is disrupted.  

Keywords : phonological short-term memory, subvocal rehearsal, word-length effect, 

articulatory suppression, conduction aphasia 
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1. Introduction 

Phonological short-term memory (pSTM) allows the temporary storage and processing of 

verbal information. The first models of pSTM were developed in the 1970s (Baddeley and 

Hitch, 1974) but some components of this system are still discussed. Models of pSTM 

generally distinguish between two components: a phonological buffer and a subvocal 

rehearsal process (Baddeley, 1986). The phonological buffer is assumed to transiently store 

the phonological input and subvocal rehearsal to refresh the memory traces stored in the 

phonological buffer before they decay. Thus subvocal rehearsal increases the storage capacity 

of pSTM beyond the capacity of the phonological buffer itself (Cowan, 2001). Recent 

findings support a revision of the standard model, which describes a single phonological 

buffer, to a new model with two separate phonological buffers: an input buffer (in the 

perception system) and an output buffer (in the production system) that store phonological 

input and output respectively (Nickels et al., 1997; Martin et al., 1999; Laganaro and Alario, 

2006). Subvocal rehearsal arises from the circulation of phonological information between 

these two buffers and involves two conversion mechanisms, one that converts phonological 

input into phonological output and one that does the reverse mapping (see Fig. 1) (Jacquemot 

and Scott, 2006). Previous studies suggest that these two buffers are not functionally 

equivalent and may be differentially affected by phonological variables like phonological 

similarity and phonological length.  

The phonological input buffer has been found to be highly sensitive to phonological 

similarity: lists of phonologically similar stimuli are less well recalled than lists of dissimilar 

ones (Baddeley et al., 1984; Vallar and Baddeley, 1984a). For instance a list containing /bim/, 

/pim/, /kim/ yields more errors than a list containing /bam/, /liv/, /ron/. This effect is called the 

phonological similarity effect and is present even when subvocal rehearsal is blocked by 

articulatory suppression (Baddeley, 1986). Typically, articulatory suppression is done by 
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asking participants to continuously repeat a token (e.g. “the, the, the”) during the memory 

task.

In contrast, the phonological output buffer is known to be highly sensitive to phonological 

length (Shallice et al., 2000; Nickels and Howard, 2004; Caramazza et al., 1986). In a very 

detailed analysis of aphasic speech production errors, Nickels and Howard (2004) 

demonstrated that production errors in aphasics were correlated with the number of phonemes 

of the word to be pronounced. This effect of phonological length has also been reported in 

healthy participants in speech production tasks (Levelt, 1992; Sternberg et al., 1980; Meyer et 

al., 2003; Roelofs, 2002; but see Romani et al., 2010; Bachoud-Lévi et al., 1998
1
). In pSTM 

tasks, sequences of short words are better recalled than sequences of long words. For instance 

a list containing bed, sky, lamp, is better recalled than a list containing crocodile, telephone, 

magazine. This word length effect depends on the phonological length (number of phonemes, 

syllables) of the words to be memorized (Caplan et al., 1992; Caplan and Waters, 1994; 

Service, 1998; Neath and Nairne, 1995) and has been attributed to the phonological output 

buffer (Jacquemot and Scott, 2006). The length effect is also observed when spoken output is 

not required, suggesting that it does not result only from delay during output (Baddeley et al., 

2002; Cowan et al., 2003; Dosher and Ma, 1998). In addition, under articulatory suppression, 

which prevents participants from covertly rehearsing the phonological trace and therefore 

from using the phonological output buffer, the word length effect is abolished (Baddeley, 

1986).  

However the localization of the word length effect in the subvocal rehearsal component is 

controversial (Nairne, 1990; Neath and Nairne, 1995; Romani et al., 2005; Nairne et al., 1997; 

                                                
1It is possible, under certain task demands and with the use of pressure on speed or accuracy, to induce the 

initiation of articulation before the full planning of the phonological utterance to-be-pronounced has been 

completed. 
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Neath, 2000). According to an alternative view, the standard length effect derives from the 

number of phonological features to be stored and because of capacity limits, trace decay or 

interference, longer words are at a disadvantage in recall tasks because more units have to be 

retained. But, in addition, there is an influence of lexico-semantic factors (Brown and Hulme, 

1995; Hulme et al., 1997; Romani et al., 2005). Longer words have an advantage since they 

offer more residual phonological information from which to attempt reconstruction (or 

redintegration) and fewer lexical competitors. If just one phonological segment of a word is 

lost, it would be easy to reconstruct “television” from “tele_sion” but if one segment of a 

shorter item is lost such as in “_at”, it will be difficult to retrieve “cat” between a great 

number of alternatives (bat, rat, hat, fat, etc). In these models, the word length effect results 

from the coupled effect of trace decay and of lexico-semantic influence and there is no need 

of subvocal rehearsal to account for it (Neath and Nairne, 1995; Brown and Hulme, 1995; 

Hulme et al., 1997). In some cases, the effect of lexico-semantic factors becomes more 

influent than the effect of the number of phonological features, leading to the abolition of the 

word length effect. For instance, under articulatory suppression, the self-produced speech 

adds noise to the phonological buffer. This addition of noise promotes the activation of 

lexico-semantic representation such as it occurs in irrelevant speech situations (Neath et al., 

1998; Nairne, 1990; Gupta and MacWhinney, 1995; Romani et al., 2005) and encourages 

reliance on lexico-semantic information rather than phonological. As a result, longer words 

can more easily be reconstructed from degraded phonology than shorter words overriding the 

effect of the number of phonological features. Therefore, the abolition of length effect results 

not from the disruption of the rehearsal process but as a consequence of the interference of 

self-produced speech. Subvocal rehearsal in pSTM becomes an optional part of the system 

(Romani et al., 2005) or even a non-existing component (Brown and Hulme, 1995; Neath et 

al., 2003a; Neath and Nairne, 1995). 
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In this paper, we intend to clarify the issue of the link between the length effect and the 

potential subvocal rehearsal component. The aim is to decide whether the abolition of the 

word length effect under articulatory suppression is only a consequence of self-produced 

speech or whether it reflects the disruption of subvocal rehearsal. In order to disentangle these 

two alternatives, we tested two patients who each had a deficit in pSTM. FA presents a 

conduction aphasia restricted to pseudowords. In FA, the link between phonological input and 

output is damaged (see Fig. 1), implying a damaged subvocal rehearsal component. This 

creates a naturally occurring case of articulatory suppression:, ie, the rehearsal process is 

blocked, but without the interference of self-produced speech. Models in which the word 

length effect emerges due to subvocal rehearsal predict that a word length effect should be 

absent in FA, since, as in normal subjects under articulatory suppression, there is no possible 

rehearsal (Jacquemot and Scott, 2006; Baddeley, 2003). Alternative models, however, predict 

that the word length effect should be observed in FA, since according to these models, the 

length effect is independent from articulatory suppression (Romani et al., 2005; Neath et al., 

1998). The second patient, FL, acts as a patient control. Indeed, this patient has a reduced 

short term memory span, just as FA, but is not impaired in pseudoword repetition. Since FL 

has a normal rehearsal component, both types of models predict that FL should have a normal 

length effect. 

Insert Figure 1 about here 

2. Case report : FA 

FA is a 54-year-old, right-handed retired secretary (education: 9 years). One year before, she 

had a stroke leading to conduction aphasia. FA’s deficit was extensively studied and 

described in a previous study (Jacquemot et al., 2007). In the present paper, we report new 

data relevant to the relationship between word length effect and subvocal rehearsal. 
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2.1. Word comprehension and production 

Word comprehension was tested with a picture matching task requiring to decide whether an 

auditory word matches a picture. The auditory word could either be the correct one such as 

the word hat for the picture of an hat (N=64), a phonological distractor such as rat (N=64), a 

semantic distractor such as bonnet (N=64) or a unrelated distractor such as cup (N=64). FA 

performed very well on this task (98.5% correct). FA’s word production performance was 

assessed with a naming task of seventy pictures composed of 20 monosyllabic, 20 bisyllabic 

and 20 trisyllabic words. For each of these lengths, half of the words were low frequency and 

half were high frequency. There were also 10 quadrisyllabic words of low frequency. FA’s 

word production was impaired relative the performance of matched controls (N=5, age range 

52–60, years of education range 2–12) (respectively 84.3% and 99.7% ± 0.6 correct 

responses; Significance test (Crawford and Howell, 1998) t = 23.4, p (two-tailed) < .001). Her 

errors comprised non-responses (N=4), phonological paraphasia (N=1) and semantic 

paraphasia (N=6). She also suffered from a minor anarthric deficit characterized by the 

production of some distorted phonemes and a slow rate of speech. Her digit span was within 

normal range (4 forward and 5 backward). 

2.2. Conversion mechanisms between phonological input 

and phonological output 

The conversion mechanism of phonological input into phonological output was assessed with 

a repetition task of words (N=32) and pseudowords (N=16). There were half monosyllable 

items and half bisyllable items for both words and pseudowords. For each length 

(monosyllables and bisyllables) words were half high frequency and half low frequency; 

likewise, for each length pseudowords were half of low neighbourhood density (no 
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phonological neighbour) or high neighbourhood density (more than 1). FA’s performance is 

reported in Table 1. She was significantly more impaired in the pseudoword repetition 

condition than in the word condition (respectively 43.7% correct and 87.5% correct; �2 (1) = 

10, p = .002). In repeating words, errors were all phonological errors. In repeating 

pseudowords, errors include phonological errors (55%), lexicalization errors (22%), non-

responses (17%), and unrelated responses (6%). There was neither a length effect with words, 

nor a neighbourhood effect with pseudowords. This discrepancy between performance for 

words and pseudowords was not observed in controls (respectively, 99.4% correct and 98.7% 

correct) and significantly differs from FA’s pattern of results (Revised Standardized 

Difference Test (Crawford and Garthwaite, 2005) t(4) =7.6, p (two-tailed)= .002) (Fig. 2, A).  

FA’s deficit was not explained by any perceptual deficit: she flawlessly completed a 

discrimination task that involves phonologically minimal pairs of words and pseudowords 

(see Table 1). These pairs were recorded by two speakers (male and female) and were used to 

construct 120 AX trials, half of them being composed by the repetition of the same item 

coupure / coupure /kupyr/ and half of them being composed by two items that differ 

minimally such as coupure / couture /kupyr/ /kutyr/. FA’s task was to decide whether the two 

stimuli were the same word (or pseudoword) or not. She performed at the same level than 

controls (96% correct and 96.5% correct respectively, significance test (Crawford and 

Howell, 1998), t=.1, p (two-tailed) = .92). FA’s deficit for repeating pseudowords can not be 

explained by a deficit in producing pseudoword: FA’s reading performance was assessed and 

even if she was not flawless in reading task (FA: 91.6 % correct, controls: 99.1% correct, 

t=9.8, p = .001), her performance in reading pseudowords was largely better than in repeating 

pseudowords (respectively, 90.6% correct and 43.7% correct; χ
2
(1)=13.9, p < .01). Reading 

errors were all phonemic errors and there was neither a length nor a neighbourhood effect. 

Therefore FA’s dramatic difficulties in repeating pseudowords could not be attributed to a 
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deficit of the speech perception system or to a deficit of the speech production system. Given 

that this deficit specifically affected pseudowords –that do not have any lexico-semantic 

entry- we proposed that FA suffered from an impairment of the phonological mechanism that 

connects speech perception and the speech production system, that is the mechanism that 

converts the phonological input code into the phonological output code (see Fig. 

1)(Jacquemot et al., 2007).  

We further assessed whether the mechanism that converts phonological output into 

phonological input was spared or not. We used a silent rhyme judgment task in which the 

patient had to decide if two written words would rhyme if pronounced. FA was asked to 

perform the task silently. This task, in which strings of letters have to be phonologically 

compared, requires several steps to be achieved. First, strings of letters have to be converted 

in a phonological form and stored into the phonological output buffer (Howard and Nickels, 

2005; Nickels et al., 1997). Then the phonological form has to be converted into a 

phonological input for evaluating the rhyme (Burani et al., 1991; Howard and Franklin, 

1990). Therefore, accurate performance on this task should reflect the integrity of the 

phonological output buffer and the conversion mechanism of the phonological output into the 

phonological input.   

We constructed two sets of 20 pairs of written words, rhyming or non-rhyming. Within the 20 

rhyming pairs, there were 10 pairs that were also orthographically similar (e.g. mémoire-

armoire, [memwaR]-[aRmwaR], memory-wardrobe) and 10 pairs that were not (e.g. faon-

éléphant, [fã]-[elefã], fawn-elephant); similarly, within the 20 non-rhyming pairs, there were 

10 dissimilar pairs (e.g. escalier-râteau, [�skalje]-[Rato], stairs-rake,) and 10 orthographically 

similar pairs (e.g. fille-tranquille, [fij]-[tRãkil], girl-peaceful). Thus, the reliance on 

orthographic information during this task would lead to errors. FA’s performance was lower 

than control subjects in this task (82.5 % correct and 96.5% correct respectively, t=4.4, p = 
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.012). As this task requires to covertly read the words, any reading deficit would impact the 

performance of the  rhyme judgement task. We already showed that FA was slightly impaired 

in reading, thus we further assessed her reading performance on the same words as those used 

in the rhyming task. The results show that the level of performance on the overt reading task 

was similar to that on the covert rhyme judgement task (82.5% correct and 82.5% correct 

respectively) suggesting that the errors in the rhyme judgment task resulted from reading 

difficulties. FA flawlessly performed the rhyming task on the items that she has no difficulty 

in reading.  

This pattern of performance suggests that the phonological output buffer and the conversion 

mechanism from phonological output into phonological input is spared in FA whereas the 

conversion mechanism from phonological input to phonological output is impaired 

(Jacquemot et al., 2007). In the present study, we tested FA with two additional tasks 

specifically tapping into the two components of pSTM: the phonological input buffer with a 

task involving to memorize lists of phonological similar and dissimilar items and subvocal 

rehearsal with a task involving to memorize lists of short and long words.  

Insert Table 1 about here 

2.3. Phonological Similarity Effect 

The phonological similarity effect is not be affected by the disruption of subvocal rehearsal 

component (Vallar and Baddeley, 1984b) meaning that FA should demonstrate the typical 

phonological similarity effect.  
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2.3.1. Methods 

Immediate serial recall of phonologically similar and dissimilar items was assessed. FA was 

instructed to listen to a list of items and to recall them in the correct order. FA was taught to 

associate two auditory CV–CV pseudowords (C, consonant; V, vowel) to keys “1” and “2”, 

respectively, on a computer keyboard. During a prior training session, FA was asked to 

choose the correct key according to each of the pseudowords presented in isolation. After 

training, FA was presented with progressively longer, random sequences of the two 

pseudowords. FA was required to recall the sequence and transcribe it with the key “1” and 

“2”. Six trials of two, three, four, five, and six items were presented in ascending order (for 

procedure details see (Jacquemot et al., 2006)). For each pseudoword, six acoustically 

different tokens were used in order to constrain the participants to use the phonological 

information and not the acoustic one. The experiment was divided into two parts. In the first 

part, the two pseudowords were phonologically dissimilar—/rapi/ versus /foga/—while in the 

second part they were phonologically similar—/mipa/ versus /miba/—and constituted a 

minimal pair differing in only one distinctive phonetic feature (i.e., voicing).  

2.3.2. Results 

Results were analysed by estimating the critical sequence length that yielded 50% of correct 

recall for each condition (dissimilar and similar items). We call this sequence length the 

estimated memory span
2
. FA’s data was compared to data of 10 matched control participants 

(age range 50–55, years of education range 5-22). FA’s span is 4.15 for the dissimilar items 

and 3.2 for the similar items. The estimated span of the control participants is 5.7 for the 

                                                
2
 This estimated span was computed by regressing the average recall rate across 

sequence length with a linear function. This was done in R by fitting the data of each 

individual participant. 
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dissimilar items and 4.6 for the similar items (Fig. 2, B). Controls show the typical 

phonological similarity effect (t(9)=9.9, p < .001). The comparison of FA and controls’ results 

was computed with RSDT (Crawford and Garthwaite, 2005). FA’s span is lower than 

controls’ span for both dissimilar condition (t(9)=2.5, p (two-tailed) = .046) and similar 

condition (t(9)=2.3, p (two-tailed)= .03) but the performance difference between the similar 

and dissimilar items is not different to controls (t(9)=.37, p (two-tailed) = .72), meaning that 

FA as controls shows the typical phonological similarity effect. 

Insert Figure 2 about here 

2.4. Word length effect  

2.4.1. Methods 

Immediate serial recall of short and long words was assessed. FA was instructed to listen to a 

list of words and to recall them in the correct order. Words were presented at the rate of one 

per second. Two sets of stimuli, one composed of 10 monosyllabic words, and another of 10 

quadrisyllabic words, were used. Monosyllabic words were phonologically less complex in 

terms of number of syllables and phonemes than quadrisyllabic words. The words in the two 

sets were concrete words of high imaginability and were matched for frequency. 

For each set (monosyllabic and quadrisyllabic words), ten trials of a given sequence length 

(sequences from two to ten words) were generated at random. They were presented in 

ascending order. No word was presented twice within a sequence. If FA’s recall of the first 

three trials of a given sequence length was correct, we assumed that this length was within her 

span and proceeded to the following string length (Vallar and Baddeley, 1984a). FA was 

required to immediately recall the words presented by the examiner by pointing to the 

appropriate stimuli in the presentation order. The ten words were presented in written format 
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only during the recall phase. This procedure was used because, due to FA’s mild anarthria, 

her speech production was sometimes slowed and that may have affected her STM’s 

performance (Papagno et al., 2008). 

2.4.2. Results 

Results were analyzed as above by estimating the span, that is the critical sequence length that 

yielded 50% of correct recall for each condition (monosyllabic and quadrisyllabic words). 

FA’s data was compared to the data of 5 matched control participants (age range 52–60, years 

of education range 2–12) tested with the same modality of response (pointing). FA’s span is 4 

for the monosyllabic words and 3.9 for the quadrisyllabic words (Fig. 2, C). Controls’ spans is 

6.9 for the monosyllabic words and 4.7 for the quadrisyllabic words. The controls show the 

typical word length effect (t(4)=5.1, p=.007). The comparison of FA and controls’ results 

using RSDT shows that FA’s span for monosyllabic words is marginally lower than controls’ 

span  (t(4)=2.4, p (two-tailed) = .06) and that FA’s span for quadrisyllabic words is lower than 

controls (t(4)=4.8, p (two-tailed) = .008). The crucial point is that FA’s difference between 

monosyllabic and quadrisyllabic words is significantly different from that observed in 

controls (t(4)=4.2, p (two-tailed)= .014) showing that contrary to controls, FA does not 

display the typical word length effect  

2.5. Discussion 

Two tasks were used for assessing the phonological input buffer and the subvocal rehearsal 

component. First, like controls, FA shows a phonological similarity effect, that is better 

performance in memorizing sequences of dissimilar items compared to sequences of similar 

items. FA’s span is lower than controls, suggesting a deficit of the phonological input buffer. 

Secondly, tested with sequences of short and long words, FA, contrary to controls, does not 

show any word length effect.  
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We assessed the phonological similarity effect and the length effect with auditory stimuli and 

did not investigate these two effects in the visual modality. This restriction is explained by the 

fact that FA’s performance in reading was not perfect, suggesting a mild deficit of the 

orthography-to-phonology conversion process. An abnormal phonological similarity word 

length effect with visual stimuli would have been difficult to interpret, given that part of the 

effect could be the result of the impairment in orthography-to-phonology conversion and not 

related to the phonological buffer or phonological rehearsal per se. Hence, we only tested FA 

with auditory stimuli, which do not require mediation with orthography, and directly measure 

pSTM. 

In order to ensure that the absence of length effect results from the subvocal rehearsal 

disruption and not from the phonological input buffer deficit, we tested another patient, FL, 

who suffers from a deficit of the phonological input buffer, but does not have any impairment 

of the conversion mechanism of phonological input into phonological output.  

3. Case report: FL 

Patient FL is a right-handed 59-year-old computer specialist. Five years before participating 

in the study, he had a stroke leading to global aphasia. FL’s deficit was previously described 

in (Jacquemot et al., 2006). A computed tomography (CT) scan (at admission) and a magnetic 

resonance imaging (MRI) scan (4 years later) confirmed a left perisylvian stroke. He was 

fluent in speech production, to the extent that uninformed listeners did not detect 

abnormalities in their speech. He performs well in the naming task (95% with only semantic 

errors such for instance skirt for dress). His word comprehension was evaluated with the same 

picture matching task as for FA and FL flawlessly performed this task (100% correct). 
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3.1. Conversion mechanism between phonological input and 

phonological output 

As FA, FL was tested with a phonological discrimination task that involves minimal pairs of 

words and pseudowords. FL flawlessly performed the discrimination task showing that he had 

no phonological decoding deficit. We also assessed the conversion mechanism from 

phonological input into phonological output with the same repetition task used with FA. FL’s 

performance does not differ from controls (97% correct and 99% correct respectively, t=0.,84, 

p (two-tailed) = .4). FL performs equally with words and pseudowords (�
2
(1)=1.6,p = .2) (Fig. 

2, A). We assessed the conversion mechanism from phonological output to phonological input 

with the silent rhyme judgment task used with FA. FL performs as well as controls (97.5% 

correct and 96.5% correct respectively, t=.3, p = .7) (see Table 1).  

This overall pattern of performance suggests that the both conversion mechanisms between 

phonological input and output and the phonological output buffer are intact in FL. 

3.2. Phonological Similarity Effect 

In order to assess the phonological similarity effect in FL, we used the same experimental task 

as used with FA and results were analysed according to the same method. The estimated FL’s 

span is 4.3 for dissimilar items and 3.2 for similar items (Fig. 2, B). FL’s data was compared 

to the data of 10 matched control participants (age range 50–55, years of education range 5-

22). The estimated span of the control participants is 5.7 for the dissimilar items and 4.65 for 

the similar items. Controls shows the typical phonological similarity effect (t(9)=9.94, p < 

.001). RSDT analysis shows that FL’s span is lower than controls’ span for both dissimilar 

condition (t(9)=2.3, p (two-tailed)= .04) and similar condition (t(9)=2.2, p(two-tailed)= .04) 

but that the span difference between similar and dissimilar items is the same as in controls 

(t(9)=.17, p (two-tailed) = .86). This data shows that FL, like controls, shows the typical 
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phonological similarity effect but that his phonological input buffer capacity is reduced 

relative to controls. 

3.3. Word length effect  

Immediate serial recall of short and long words was assessed. FL was instructed to listen to a 

list of words and to recall them in the correct order. The material and the testing procedure 

were similar to that used with FA except that in the recall phase, FL was asked to orally repeat 

the sequence instead of pointing to the written stimuli in the correct order.  

We estimated FL’s span (the critical sequence length that yielded 50% of correct recall) for 

the monosyllaboc and quadrisyllabic conditions. FL’s results were compared to the data of 10 

matched control participants (age range 50–55, years of education range 5-22) tested with the 

same modality of recall (oral response). FL’s span is 3.86 for the monosyllabic words and 

2.97 for the quadrisyllabic words (Fig. 2, C). The estimated span of the control participants is 

5.7 for the monosyllabic words and 4.6 for the quadrisyllabic words. The controls show the 

typical word length effect (t(9)=6.82, p < .001). FL’s span is lower than controls’ span, for 

both monosyllabic words (t(9)=3.8, p (two-tailed) = .004) and quadrisyllabic words (t(9)=2.9, 

p (two-tailed)= .016), but the difference between the span of the monosyllabic and 

quadrisyllabic words is similar to that obtained in controls (t(9)=0.8, p (two-tailed)= .4) 

indicating that FL shows the typical word length effect. 

3.4. Discussion 

FL’s results show that word comprehension and word production systems are both 

unimpaired, and that the two conversion mechanisms between phonological input and 

phonological output are both intact. In the memory tasks, FL’s span is globally lower than 

controls’ span: his performance in the phonological similarity task is lower than the controls 

and his performance in the word length task is lower than controls showing that FL’s 



 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

- 18 - 

phonological input buffer has a lower storage capacity. Nevertheless, like controls, FL 

presents the typical span difference between similar and dissimilar items and the typical span 

difference between the monosyllabic and quadrisyllabic items. Overall FL suffers from an 

input buffer deficit with no associated deficit of the conversion mechanisms between 

phonological input and output.  

Both FA and FL show a phonological input buffer deficit with a lower storage capacity 

relative to controls. The difference between FA and FL  is that FA also suffers from a deficit 

of the mechanism that converts the phonological input into the phonological output. FL shows 

a word length effect whereas FA does not. FL was tested in order to assess whether the 

absence of word length effect could be explained by the phonological input buffer deficit. 

Indeed, a reduction of the phonological input buffer capacities could trigger the use of the 

lexico-semantic information for memorizing the words. With low phonological memory 

abilities the system could rely on the lexico-semantic level rather than the phonological to 

store the information. According to such hypothesis, the length effect could disappear not 

because of the disruption of subvocal rehearsal but because of the activation of the lexico-

semantic memory which is not sensitive to length effect. FL’s result does not confirm this 

hypothesis and suggests that the absence of word length effect could not solely be explained 

by a phonological input buffer deficit.  

This is in accordance with previous data on two patients GF and CM with “locked in 

syndrome” (Vallar and Cappa, 1987; Cubelli and Nichelli, 1992). These patients were unable 

to produce any speech output and to covertly rehearse speech sounds (see Cubelli et al., 

1993). GF and CM did not suffer from any comprehension deficit, their digit span was within 

normal limits and GF showed normal performance in probe recognition task using auditory 

material suggesting that his phonological input buffer was not impaired. Interestingly these 

patients that could not use their subvocal rehearsal showed a phonological similarity effect but 
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no word length effect. Their results showed that the absence of length effect in memory task 

was observed in natural situation of the abolition of subvocal rehearsal without interference of 

self-produced speech. 

4. General Discussion 

We tested two patients, FA and FL. FA suffered from a conduction aphasia with a reduction 

of short term memory and a relatively specific impairment in pseudoword repetition, with 

almost preserved comprehension, production, and word repetition. FL, in contrast was only 

impaired in short term memory. FA's deficit results from selective damage of the link between 

the input and output phonological codes, an element of the subvocal rehearsal component 

(Baddeley, 2003; Jacquemot and Scott, 2006). Tested on a sequence recall task, FA shows a 

normal phonological similarity effect: as controls and FL, she better recalls items that are 

phonologically dissimilar compared to phonologically similar ones. In contrast, FA does not 

show any word length effect: her span does not differ for monosyllabic and quadrisyllabic 

words. This result differs from controls and from FL: they show a typical word length effect 

meaning that the absence of word length effect in FA could not be due to experimental testing 

conditions. FL’s data confirmed that the absence of the word length effect in FA could not be 

resulting solely from the phonological input buffer deficit.  

Two main types of pSTM models are proposed to explain the phonological similarity and 

word length effects. There are clear differences between these two types of models with 

respect to the role of subvocal rehearsal in pSTM. In the first type, subvocal rehearsal is 

involved in refreshing the phonological trace that is stored in the phonological buffer through 

its access to the phonological output buffer (Baddeley, 2003; Howard and Franklin, 1990; 

Howard and Nickels, 2005; Nickels et al., 1997; Monsell, 1987; Murphy et al., 2006) and its 



 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

- 20 - 

disruption induces the abolition of the word length effect. In the second type of pSTM model, 

subvocal rehearsal is only an optional component of the system. The length effect results from 

the combined effect of phonological and lexico-semantic factors and the depletion of word 

length effect under articulatory suppression is a consequence of the interference of self-

produced speech (Neath et al., 1998; Neath et al., 2003b; Gupta and MacWhinney, 1995; 

Campoy and Baddeley, 2008; Romani et al., 2005).  

FA presents a natural case of articulatory suppression without any disturbance of additional 

factors such as self-produced speech or dual task interference. According to model with 

optional rehearsal, she should exhibit a word length effect. But this is not the case: FA’s 

results fit with pSTM model in which subvocal rehearsal is one of the main components of 

pSTM (Howard and Franklin, 1990; Nickels et al., 1997; Baddeley, 2003; Jacquemot and 

Scott, 2006). In this type of models, pSTM performance depends on the capacities of both 

phonological input and phonological output buffers and on the ability to convert phonological 

information between them (Fig. 1). Because of her deficit, FA can only use the phonological 

input buffer to perform a short term memory task. As a result, she only shows a phonological 

similarity effect, not a length effect. In other words, FA's results are close to those of normal 

controls under an articulatory suppression task. This suggests that under articulatory 

suppression, even if the self-produced speech may impact pSTM performance (Gupta and 

MacWhinney, 1995), it cannot be entirely responsible for the depletion of the length effect 

which mainly results from the disruption of subvocal rehearsal.  

Our data supports the hypothesis that the length effect emerges at least partly from the 

phonological output buffer, a finding also supported by sign language literature which reports 

a length effect in memory tasks when using short and long signs (Wilson and Emmorey, 

1998). This is in favor of models of pSTM that include two phonological buffers, the input 

and output buffers. Articulatory suppression has at least two separate effects on the 
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components of pSTM: (1) it disrupts the rehearsal component and (2) it interferes with the 

phonological input buffer (Gupta and MacWhinney, 1995). This could explain why the word 

length effect is even found to be inverted under articulatory suppression (Romani et al., 2005). 

Because of the interference of self-produced speech on the phonological input process, 

articulatory suppression promotes the activation of the lexico-semantic level that is not 

sensitive to length. At this level, longer words have an advantage since they offer more 

residual information from which reconstruction can be attempted (Hulme et al., 1997), 

explaining why an inversion of length effect could be observed.  

Previous findings also reported that the length effect could survive under articulatory 

suppression when the memory task involves pseudowords and not words (Romani et al., 

2005). We propose that this pseudoword length effect under articulatory suppression may 

result from the interference of the self-produced speech. This auditory signal impacts the 

process of phonological decoding and is likely to degrade the stored phonological input. 

Because of this phonological interference, some phonemes may be decoded misguidedly, and 

the more phonemes that compose the pseudowords, the more chance there is of making 

phonemic errors. Consequently, long words have a greater chance of giving rise to 

phonological errors and thus errors in memory tasks. This could explain why a pseudoword 

length effect could survive under articulatory suppression. FA’s deficit allows for the testing 

of the impact of subvocal rehearsal disruption on length effect without the interference of self-

produced speech. FA’s data shows that when subvocal rehearsal is specifically disrupted the 

length effect disappears.  

Before closing, we propose a speculative account of why the length effect should be related to 

the phonological output buffer rather than to the input buffer. According to Cowan (2001), the 

phonological input buffer stores a given number of units, called chunks, that can either be 

phonemes, syllables, words or groups of words (Cowan, 2001). The number of chunks that 
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can be memorized is limited to 3 or 5 (Chen and Cowan, 2009). In this framework, the only 

way to increase pSTM storage capacity is to extend the size of chunks by grouping syllables 

or words into larger chunks (Chen and Cowan, 2005). In our experiment, we presented the 

spoken stimuli as isolated words, each of them being uttered as a prosodic unit. We 

hypothesize that subvocal rehearsal enables participants to re-chunk the list of words by 

building larger multiword prosodic units, thus increasing the size of chunks. In essence, this is 

exactly the same as in speech production where the output buffer is devoted to stringing 

together phonemes to form a hierarchy of units, syllables, feet, words, phonological phrases 

(Levelt, 1992; Levelt et al., 1999; Jacquemot and Scott, 2006). Hypothetically, in a pSTM 

experiment, the same process would be involved for binding together syllables or words to 

form a new chunk, increasing memory capacity. But a chunk has a limited size (Cowan, 2010) 

and if the units are too large they cannot be combined into a chunk. According to this account, 

the shorter the words are, the more of them can be bound into a chunk, which explains why 

performance differs for sequences of short and long words (Glanzer and Razel, 1974). Thus 

the phonological output buffer may allow for increasing the length of the chunks and would 

be at least partly responsible for the length effect. This might explain why the phonological 

input buffer would be more sensitive to the number of chunks whereas the output buffer 

would be more sensitive to the size of chunks. 

In conclusion, these data suggest that the phonological output buffer plays a role in pSTM and 

is at least partly responsible for the word length effect. This predicts that patients with a 

specific phonological output buffer deficit should present the same pattern as those suffering 

from a damage of the link between the input and output buffers, that is a normal phonological 

similarity effect but no length effect. Further studies comparing patients with phonological 

input buffer deficits to patients with phonological output deficits would provide interesting 
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data to disentangle the role of each buffer in the phonological similarity and phonological 

length effects and their relation with the number and the size of chunks.  
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Table 1 :.Percent of correct responses for FA, FL and 5 matched controls (age range 51–56, 

years of education range 2-17).  

N of 

items 

FA FL Controls, 

N=5 (±SD)

From perception to production: Repetition    

Word 64 87.5% 98.4% 99.4% ±.5

Pseudoword 32 43.7% 94% 98.7% ±.9

Speech perception : Minimal pair discrimination    

Words 60 96.7% 98.3% 98.5% ±6.3

Pseudoword 60 95% 96.6% 94.5% ±3.3

Speech production: Reading    

Word 64 91.7%  99.3% ±.7

Pseudoword 32 90.6%  97.5% ±2.6

From production to perception: Rhyme judgement on written words  

Covert condition 40 82.5% 97.5% 96.5% ± 2.9

Overt condition 40 82.5% 
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Legends 

Figure 1 

Functional model of phonological STM based on Jacquemot & Scott (2006). After the initial 

acoustic analysis, the phonological decoding is defined as the translation of acoustic 

information into discrete segmental categories that belong to the language, i.e. the 

phonological input and that can be stored in the phonological input buffer. The phonological 

encoding transforms the phonological output stored in the phonological output buffer into a 

motor programme for producing aloud the word. In this model, pSTM is composed of the two 

buffers dedicated to phonological processing in perception and production (phonological 

input and output buffers), and the mechanisms that convert phonological input information 

into output and vice versa (subvocal rehearsal).  

The locus of FA’s deficit is modelled on the conversion mechanism of phonological input into 

phonological output.  

Figure 2 

Performance (mean and standard error) of FA, FL and control participants. NS for non 

significant, * p< .05, ** p< .01. A) Percent of correct responses in the repetition task. B) 

Estimated Span for dissimilar and similar items. C) Estimated span for monosyllabic and 

quadrisyllabic words. Because the task procedure was slightly different for testing the word 

length effect in FA and in FL, two groups of controls were tested according to each 

procedure.  
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