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Abstract 

Patients with semantic dementia show a specific pattern of impairment on both 

verbal and non-verbal “pre-semantic” tasks: e.g., reading aloud, past tense generation, 

spelling to dictation, lexical decision, object decision, colour decision and delayed 

picture copying. All seven tasks are characterised by poorer performance for items 

that are atypical of the domain and “regularisation errors” (irregular/atypical items are 

produced as if they were domain-typical). The emergence of this pattern across 

diverse tasks in the same patients indicates that semantic memory plays a key role in 

all of these types of “pre-semantic” processing. However, this claim remains 

controversial because semantically-impaired patients sometimes fail to show an 

influence of regularity. This study demonstrates that (a) the location of brain damage 

and (b) the underlying nature of the semantic deficit affect the likelihood of observing 

the expected relationship between poor comprehension and regularity effects. We 

compared the effect of multimodal semantic impairment in the context of semantic 

dementia and stroke aphasia on the seven “pre-semantic” tasks listed above. In all of 

these tasks, the semantic aphasia patients were less sensitive to typicality than the 

semantic dementia patients, even though the two groups obtained comparable scores 

on semantic tests. The semantic aphasia group also made fewer regularisation errors 

and many more unrelated and perseverative responses. We propose that these group 

differences reflect the different locus for the semantic impairment in the two 

conditions: patients with semantic dementia have degraded semantic representations, 

whereas semantic aphasia patients show deregulated semantic cognition with 

concomitant executive deficits. These findings suggest a reinterpretation of single 

case studies of comprehension-impaired aphasic patients who fail to show the 

expected effect of regularity on “pre-semantic” tasks. Consequently, such cases do not 

demonstrate the independence of these tasks from semantic memory. 
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Introduction 

Patients with semantic dementia (SD) have a highly selective and progressive 

impairment of semantic memory associated with bilateral atrophy of the anterior 

temporal lobes (ATL; Hodges et al., 1992a; Mummery et al., 2000; Snowden et al., 

1989). Other cognitive functions, including phonology, syntax, executive skills and 

episodic memory, remain relatively intact in this condition. Nevertheless, SD patients 

show a highly predictable pattern of breakdown on a number of tasks typically 

thought to be “pre-semantic”, including reading single words aloud (Funnell, 1996; 

Patterson and Hodges, 1992; Woollams et al., 2007); spelling to dictation (Graham et 

al., 2000; Parkin, 1993); producing the past tense form of verbs from the present tense 

(Cortese et al., 2006; Patterson et al., 2001); lexical decision (Moss et al., 1995; 

Rogers et al., 2004b); immediate serial recall of short lists of words (Jefferies et al., 

2004; Jefferies et al., 2005; Knott et al., 1997; Knott et al., 2000); object decision, i.e. 

deciding if line drawings represent real objects (Breedin et al., 1994; Hovius et al., 

2003; Rogers et al., 2003; Rogers et al., 2004b) and copying drawings of objects after 

a brief delay (Bozeat et al., 2003; Lambon Ralph and Howard, 2000). 

In all of these tasks, the input tends to specify the required output and thus 

might conceivably drive a response without any support from the semantic system. 

For example, in reading aloud, the strong connection between orthography and 

phonology might be able to generate the correct output independently of the meaning 

of the word. Studies of patients with SD suggest this is not the case for all words. 

These patients are poor at reading items with atypical spellings that they no longer 

fully understand and often pronounce them as if they were more typical (i.e., show 

surface dyslexia with regularisation errors such as PINT rhymes with mint`; 

Woollams et al., 2007). This pattern suggests that semantic memory plays a critical 

role in deriving phonology from orthography, especially for words with unsystematic 

(or “irregular”) orthography-to-phonology mappings (Plaut et al., 1996). A similar 

pattern has been observed for the other “pre-semantic” tasks listed above: SD patients 

show poorer comprehension of lower frequency items (Bozeat et al., 2000; Funnell, 

1995) and in every task in which regularity/typicality and frequency have been 

orthogonally varied, studies have shown an interaction between these variables, with 

greater impairments observed for lower frequency items that are atypical of the 

domain being investigated (references above). 
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A recent study obtained strong evidence to suggest that the semantic memory 

impairment in SD is causally linked to deficits on all of these “pre-semantic” tasks, 

despite their disparate nature (Patterson et al., 2006). Fourteen SD patients were tested 

on six tasks: reading aloud, spelling to dictation, past tense generation, lexical 

decision, object decision and delayed picture copying. In all six tasks, every patient 

showed the predicted pattern of significant impairment on lower frequency 

irregular/atypical items; and across patients, all tasks showed a significant interaction 

between frequency/familiarity and typicality/regularity (the sole exception being 

delayed-copy drawing where familiarity was not manipulated). In addition, errors for 

the atypical items were largely regularisations or LARC errors (legitimate alternative 

rendering of components). Regularisation errors occurred when the most frequent 

transformation was over-applied and so these errors were more typical of the domain 

than the correct response (e.g., in past tense generation, creep � “creeped”). The 

LARC errors were similar, but this time an alternative plausible transformation was 

over-applied (e.g., peep � “pept” as in “crept”). Finally, in all six “pre-semantic” 

tests, accuracy on the irregular items was strongly predicted by the level of semantic 

impairment, suggesting that deficits on individual tasks are a consequence of a central 

semantic impairment rather than parallel damage to unrelated domain-specific 

mechanisms. 

In a series of papers, Patterson and colleagues have put forward an explanation 

of the impact of semantic memory impairment on these “pre-semantic” tasks 

(Patterson et al., 2006; Plaut et al., 1996; Rogers et al., 2004a; Woollams et al., 2007). 

Regular items that are typical of their domain are supported sufficiently by domain-

specific representations alone, without the need for the additional support which 

comes automatically from semantic memory (all real words and objects have an 

associated meaning). For example, the correspondences between orthography and 

phonology are sufficient for reading regular words. Domain-specific representations 

are less able to specify the correct transformation for atypical items, however, and as a 

consequence, the automatic input from semantic memory plays an important role in 

constraining correct production. Regularisation/LARC errors occur when domain-

specific representations reflecting transformations that are typical of the domain come 

to dominate attempts to produce irregular targets in the absence of support from 

semantic memory. This theory has been implemented in computational models of 
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reading aloud (Plaut et al., 1996), past tense generation (Joanisse and Seidenberg, 

1999) and delayed picture copying (Rogers et al., 2004a).  

Despite the strength of the empirical and theoretical work reviewed above, the 

view that semantic memory plays a key role in “pre-semantic” processing remains 

controversial. This is because semantically-impaired cases sometimes fail to show the 

expected influence of regularity in particular tasks. For example, there are case reports 

of patients with profound semantic impairment who can successfully read words with 

irregular pronunciations (Blazely et al., 2005; Cipolotti and Warrington, 1995; 

Gerhand, 2001; Lambon Ralph et al., 1995). These dissociations, although rare, are 

traditionally thought of as critical within cognitive neuropsychology because they 

imply that semantic impairment and surface dyslexia are separable. By this view, SD 

patients who are surface dyslexic have two independent deficits affecting semantic 

memory and reading respectively. 1 

In this context, it is important to note that while the association between 

semantic impairment and surface dyslexia is extremely strong, especially in SD 

(Woollams et al., 2007), there can be notable deviations away from the expected 

pattern. First, there are important and stable individual differences in domain-specific 

efficiency that modulate the exact degree of semantic reliance in reading aloud (e.g., 

some individuals rely on semantic processes more or less than the group average; 

Dilkina et al., 2008; Woollams et al., 2007). This results in varying degrees of surface 

dyslexia in patients with SD. Secondly, there might be crucial differences between 

patients with different aetiologies of brain damage. Although the relationship between 

semantic impairment and surface dyslexia is clear in SD, it may be weaker or even 

                                                
1 Following the same logic, the results of Patterson et al. (2006) would result 

from damage to multiple independent subsystems supporting visual word recognition, 

visual object recognition, visual working memory, spelling, and verb inflection. 

Although independent deficits to semantics and domain-specific processes could 

readily account for problems in one task, this account is less viable when all of these 

domains are considered together: many different domain-specific representations, 

spanning a very wide range of verbal and non-verbal tasks, would have to be impaired 

in parallel following circumscribed damage to the anterior temporal cortices. 

Patterson et al. (2006) further note that this notion of ‘associated but unrelated 

deficits’ does not explain why SD patients show regularity effects in all of these tasks. 
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non-existent in other patient groups. We say “may” because there are very few studies 

investigating this link in other semantic syndromes. A few studies have shown that 

patients who have semantic impairment resulting from Alzheimer’s disease (AD) 

have difficulty reading and spelling irregular words (Cortese et al., 2003; Strain et al., 

1998) and generating irregular past tense forms (Cortese et al., 2006; Ullman et al., 

1997) (although see Lambon Ralph et al., 1995, for an exception to this pattern); and 

it is known that surface dyslexia can also follow traumatic brain injury (Behrmann 

and Bub, 1992; Coltheart et al., 1983; Marshall and Newcombe, 1973). The 

relationship between poor comprehension and “pre-semantic” abilities in stroke 

aphasia has received even less attention, despite the fact that many stroke aphasic 

patients have comprehension problems. Furthermore, the few studies that do exist 

have yielded somewhat contradictory results. At least some of the hallmarks of 

surface dyslexia – e.g., regularisation errors – have been observed in some 

comprehension-impaired stroke aphasic patients (e.g., Peach, 2002), but other single-

case studies demonstrate that comprehension impairment in stroke aphasia does not 

always give rise to such a pattern (Gerhand, 2001). At any rate, these patients often 

have additional phonological deficits that make it difficult to interpret patterns of 

performance in tasks requiring a spoken response (Peach, 2002). The effect of 

semantic impairment on other pre-semantic tasks – for example, past tense generation, 

spelling, word- or picture-recognition, and delayed picture copying – has scarcely 

received any attention in stroke aphasia, even though a comparison of tasks that utilise 

different input and output modalities would aid the interpretation of deficits in 

patients with additional phonological problems. 

The current work focuses on two important questions. The first is empirical: 

Do patients with multimodal semantic impairments from stroke aphasia show the 

same pattern of impairment on pre-semantic tasks as patients with SD? The second 

question is more theoretical: If comprehension-impaired stroke aphasics do not show 

the same patterns of impairment on pre-semantic tasks as SD patients, does this 

provide evidence against the theory articulated by Patterson and colleagues (2006), to 

wit, that pre-semantic processing for low-frequency atypical items is reliant on 

support from the semantic system? The answer to the latter question depends upon 

one’s hypothesis about the nature of the semantic impairment observed in the two 

disorders. Below, we describe our working hypothesis about the nature of the 

semantic impairment in a subset of patients with stroke aphasia who have difficulties 
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comprehending both verbal and non-verbal stimuli (Jefferies et al., 2007; Jefferies and 

Lambon Ralph, 2006; Jefferies et al., 2008). We will discuss some predictions that 

this hypothesis makes about pre-semantic cognition in this group of patients and then 

test them in a series of empirical studies. It is important to note that our predictions 

are specific to patients with multimodal semantic problems: they do not extend to 

other patterns of comprehension impairment that also occur in stroke aphasia (e.g., 

difficulty accessing meaning from specific input modalities, such as in pure word 

deafness; see below). In the general discussion, we will return to the question of 

whether the observed pattern of results provides evidence for or against the theory 

developed by Patterson et al. (2006). 

The nature of multi-modal semantic impairment in stroke aphasia: There are 

several reasons for believing that multimodal impairment of semantic memory is 

qualitatively different in SD and stroke aphasia. First, semantic deficits in these two 

groups are associated with very different areas of brain damage. SD patients have 

highly circumscribed atrophy of the inferior and lateral aspects of the ATL bilaterally. 

Hypometabolism in those regions correlates with the severity of the semantic deficit 

in SD (Mummery et al., 2000; Nestor et al., 2006). In contrast, semantic impairment 

in aphasia is associated with damage to temporoparietal and prefrontal regions in the 

left hemisphere (e.g., Berthier, 2001; Chertkow et al., 1997; Jefferies and Lambon 

Ralph, 2006). The ATL is rarely damaged in patients with stroke aphasia, for two 

reasons: (i) the ATL often has a double blood supply (the anterior temporal cortical 

artery of the middle cerebral artery and the anterior temporal branch of the distal 

posterior cerebral artery: Borden, 2006; Conn, 2003) and (ii) the anterior temporal 

cortical artery branches below the main trifurcation of the MCA and thus may be less 

vulnerable to emboli. 

Secondly, although these two groups of patients can show similar 

neuropsychological profiles, they appear to have different underlying reasons for their 

semantic problems. In a series of recent studies, we have directly compared SD 

patients with stroke aphasic patients who were selected to show semantic impairment 

in both verbal and non-verbal tasks (Jefferies et al., 2007; Jefferies and Lambon 

Ralph, 2006; Jefferies et al., 2008). Therefore, our aphasic participants had 

impairment that went beyond language to affect general semantic cognition (as a 

shorthand, we will refer to this pattern as “semantic aphasia” or SA). Despite the fact 

that the SD and SA patients obtained comparable scores on the same range of 
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semantic tasks, there were several clear differences in the nature of the semantic 

deficit: (1) Patients with SD were highly sensitive to the frequency/familiarity of the 

test items, whereas patients with SA showed no such sensitivity. (2) In picture-naming 

tasks, patients with SD produced many coordinate and superordinate errors but 

virtually no associative errors, whereas associative errors were common in SA (e.g., 

squirrel � “nuts”; glass � “ice”; lorry � “diesel”). (3) Though both groups showed 

impairments across different modalities of testing, patients with SD showed 

considerable item-wise consistency across different kinds of semantic tasks (e.g. 

word-picture matching versus picture-matching), whereas patients with SA showed 

little item-wise consistency on tests requiring different types of semantic judgement. 

(4) In picture-naming, patients with SD showed relatively little benefit from 

progressive phonological cues, whereas patients with SA showed very substantial 

increases in naming accuracy following cueing. 

From these data, Jefferies and colleagues hypothesized that, whereas SD 

produces a degradation of amodal semantic representations formed in the ATL 

(Rogers et al., 2004a), semantic impairment in SA results from an inability to 

appropriately regulate activation within the semantic system, perhaps as the result of 

damage to fronto-parietal executive/control systems. Such control processes might be 

required, for instance, to focus on aspects of knowledge that are relevant for a given 

task or context, to identify semantic relationships that are not prepotent within the 

semantic system and to select among multiple competing responses (Noonan et al., in 

press; Saffran, 2000). This hypothesis also appears to be consistent with current 

theories about the role of prefrontal and parietal regions in semantic cognition, which 

suggest that these areas are involved in selection and/or controlled retrieval of 

information from the semantic system (Gold and Buckner, 2002; Noppeney et al., 

2004; Thompson-Schill et al., 1997; Wagner et al., 2001). In line with this view, the 

semantic difficulties of the SA patients were concomitant with executive impairment, 

whereas non-verbal reasoning was largely intact in the SD group (see also Baldo et 

al., 2005; Wiener et al., 2004).  

This hypothesis about the nature of the semantic impairment in SA vs. SD – 

namely that semantic representations are degraded in SD, whereas semantic abilities 

are deregulated in SA – anticipates that “pre-semantic” abilities will not be similarly 

affected in the two disorders. Specifically, we made three predictions. (1) The 

deregulation of semantic memory seen in SA should produce less disruption of pre-
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semantic tasks compared with the semantic degradation that occurs in SD. (2) The SA 

group should show a lesser degree of sensitivity to regularity in the different pre-

semantic tasks. (3) The SA group should produce different kinds of errors in the 

various tasks, rather than a preponderance of regularisations and LARC errors.  

Our reasoning for these predictions was as follows. In SD, poor performance 

in pre-semantic tasks arises because processing of lower-frequency irregular items 

depends, in the healthy brain, upon robust activation of associated semantic 

representations in the ATL. Higher-frequency items, and items whose structure is 

generally consistent with the domain (i.e. “regular” items), depend less on this 

support. Hence, when the ATL becomes severely atrophied in SD, the processing of 

lower-frequency irregular items suffers to a greater extent than the processing of more 

frequent or more regular items. In SA, the key point is that although control of 

activation within the semantic system may be disrupted, items in pre-semantic tasks 

should continue to activate the associated semantic representations in the undamaged 

ATL. Although the flow of activation through the network may be somewhat 

unconstrained in SA, input from anterior-temporal regions to other parts of the 

network is not grossly reduced, as it is in SD. Consequently, lower-frequency and 

irregular surface forms continue to receive strong input from the ATL semantic 

system. Deficits may still arise for several reasons – for instance, from impairment in 

the ability to discern task-appropriate semantic relationships, to select the correct 

response from among a set of competing alternatives, or to settle upon precisely the 

correct semantic representation – but these deficits should be both milder in general 

(prediction 1) and less likely to show the frequency-by-regularity interaction 

characteristic of SD (prediction 2). Furthermore, an impairment in regulating 

activation within the semantic system should lead to more arbitrary and/or associative 

errors, since inappropriate responses cannot be inhibited (prediction 3).  

To test these predictions, we examined the performance of the SA patients 

reported by Jefferies and Lambon Ralph (2006) on seven “pre-semantic” tasks used 

previously with SD patients by Patterson et al. (2006) and Rogers et al. (2007). We 

directly compared SD and SA patients to establish if they showed differences in the 

magnitude of regularity/typicality effects in reading, past tense generation, spelling to 

dictation, lexical decision, object decision, colour decision and delayed picture 

copying. Semantic degradation in SD impairs all of these tasks in a similar fashion, 

indicating that conceptual knowledge makes an important contribution to the 
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processing of items that are atypical in each domain (Patterson et al., 2006). We 

investigated whether this pattern extends to SA patients whose semantic deficits, we 

suggest, result from a loss of semantic control and not degradation of semantic 

knowledge per se. If SA patients fail to show an effect of multimodal semantic 

impairment across these verbal and non-verbal “pre-semantic” tasks, we can conclude 

that the nature of the semantic impairment and location of brain damage are important 

mediators in this relationship. This changes the interpretation of SA cases who fail to 

show predicted deficits such as surface dyslexia. If our hypotheses are correct, then 

the existence of such patients does not provide evidence for the independence of 

semantic memory and “pre-semantic” cognition.  

 

Method 

Participants 

Thirteen aphasic stroke patients were recruited from stroke clubs and speech 

and language therapy services in Manchester, York and Harrogate, UK. Every case 

had chronic impairment from a CVA at least a year previously. The patients were 

recruited in order to investigate the nature of multimodal semantic impairment 

following stroke (Jefferies and Lambon Ralph, 2006). Like SD patients, they failed a 

range of verbal and non-verbal semantic tasks tapping the comprehension of words, 

pictures and environmental sounds. They had a variety of aphasia syndromes: seven 

patients had transcortical sensory aphasia (i.e., poor comprehension in the context of 

fluent speech and preserved repetition, superficially resembling the pattern seen in 

SD) and six patients had additional language deficits. Table 1 shows 

biographical/neuroimaging details and aphasia classifications based on the Boston 

Diagnostic Aphasia Examination (BDAE; Goodglass, 1983) and some additional 

repetition tests from the PALPA battery (Kay et al., 1992). Table 2 provides 

additional neuropsychological test scores. 

Tables 1 and 2 about here 

The additional deficits in the SA patient group require some comment in the 

context of this study. SD is highly unusual in that it produces a selective impairment 

of semantic memory. All other conditions that affect semantic cognition (e.g., herpes 

simplex encephalitis, AD, SA) co-occur with other deficits that vary from individual 

to individual (e.g., in visual processing, phonology, etc). Inevitably such additional 
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impairments will contribute to deficits on pre-semantic tasks when these tasks also 

draw upon the impaired domain – therefore a pragmatic approach is required to 

answer the core study question. We achieved this in several ways. First, we examined 

a wide range of pre-semantic tasks that involved different input modalities (coloured 

pictures, line drawings, written words, spoken words) and output modalities (speech, 

drawing, writing, pointing). Consequently, for each individual patient, only a subset 

of these tasks will show an effect of additional deficits. Secondly, in our direct 

comparisons of SA and SD, the SA group were screened for extra-semantic deficits 

that might influence performance on each of the pre-semantic tasks. We only included 

individual SA cases who performed well on these screening assessments.  

The SA cases were directly compared with two sets of previously-published 

data from patients with SD to establish whether a range of pre-semantic tasks showed 

an interaction between patient group and regularity/typicality: (1) Six “pre-semantic” 

tasks were examined in fourteen SD patients by Patterson et al. (2006). (2) A separate 

group of ten SD patients were tested on an additional colour decision task by Rogers 

et al. (2007). Basic biographical and neuropsychological details are provided for these 

two SD groups in Table 3. Additional details are also provided in the original papers. 

Table 3 about here 

 

Assessments 

General neuropsychology 

Table 2 provides background scores for the SA patients on a range of semantic 

and non-semantic tasks, allowing comparison with the neuropsychological profile in 

SD. In addition to the BDAE and repetition tests from the PALPA (see above), the 

patients were examined on the Visual Object and Space Perception battery 

(Warrington and James, 1991), forwards and backwards digit span (Wechsler, 1987) 

and two attentional/executive tests – the Coloured Progressive Matrices test of non-

verbal reasoning (Raven, 1962) and the Elevator Counting subtests with and without 

distraction from the Test of Everyday Attention (Robertson et al., 1994).  

Semantic processing was assessed with the following tests: the Pyramids and 

Palm Trees Test (PPT), in which subjects decide which of two items is more 

associated with a target (e.g., pyramid with pine tree or palm tree) for pictures and for 

words (presented simultaneously as spoken and written forms) in two separate 

versions (Howard and Patterson, 1992); word-picture matching (with ten choices from 
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the same semantic category); synonym judgement for words varying in frequency and 

imageability with three choices per trial (the items were presented as both written and 

spoken words; see Jefferies et al., in press); naming a set of 64 black and white line 

drawings from the Snodgrass and Vanderwart (1980) set; category fluency for six 

categories (animals, birds, fruit, household items, tools and vehicles) and verbal 

fluency for three letters (F,A,S). In both fluency tests, participants produced as many 

exemplars as possible within one minute. 

An overall measure of semantic impairment was derived using factor analysis 

using semantic assessments that had been completed by all patients and that did not 

involve spoken output (picture PPT; word-picture matching). The first and only factor 

in the solution accounted for 53.8% of the total variance. Scores on this factor were 

computed for each individual patient and used as a composite measure of semantic 

impairment. The patients are ordered by this variable in the data tables below.  

 

Experimental pre-semantic tasks 

There were four verbal tasks (lexical decision, reading aloud, spelling to 

dictation, past tense generation) and three non-verbal tasks (object decision, colour 

decision, delayed picture copying). Six of these tasks were used by Patterson et al. 

(2006) to examine the status of “pre-semantic” tasks in SD. The additional colour 

decision task was presented to patients with SD by Rogers et al. (2007). This 

assessment took the same form as the object and lexical decision tasks but there is 

arguably less controversy about whether this task requires access to semantic 

information. The tasks requiring active production (reading aloud, spelling to 

dictation, past tense generation, delayed picture copying) were only examined in a 

subset of patients with relatively good output in the required domain. Table 4 details 

which patients were included for each task.  

Table 4 about here 

Lexical decision: All thirteen patients completed this two-alternative forced-

choice (2AFC) task, first used by Rogers et al. (2004b). There were 72 pairs of items, 

with a word and a nonword in each. The nonword was a pseudohomophone of the 

word. The words were selected to be high and low frequency. Typicality was 

manipulated by selecting pairs in which the word was more or less typical than the 

nonword: for example, node/gnode was presented in the W>NW condition, with 

gnome/nome in the NW>W condition, as /n/ is more commonly spelled ‘n’ than ‘gn’. 
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The pairs of items were presented on cards with the words/nonwords on the left/right 

equally often. Participants were asked to “point to the real word” on each trial. 

Object decision: All thirteen patients completed this 2AFC task described by 

Rogers et al. (Rogers et al., 2003; 2004b). There were 60 trials that consisted of a pair 

of line drawings; one was a real object and one was a non-real version of the same 

object. The objects were selected to have high and low rated familiarity/frequency. As 

in the lexical decision test, typicality was manipulated by selecting pairs in which the 

real object was more or less typical than the non-real version. For example, in the 

R>NR condition, there was a normal monkey vs. a monkey with large elephant-sized 

ears, and in the NR>R condition, there was a normal elephant vs. an elephant with 

monkey-sized ears. Animals tend to have small ears so ear-size is atypical for 

elephants. As before, the pairs were presented on cards with the typical and less 

typical items on the left/right equally often. Participants were asked to “point to the 

real one”. 

Colour decision: Eleven patients performed a 2AFC task first used by Rogers 

et al. (2007). Patients were asked to decide which of two pictures was coloured 

correctly. Again, typicality was manipulated. In the R>NR condition, the correct 

choice had a colour typical for objects in that category (either brown for animals or 

green for plants) while the distractor had an atypical colour (for example, a green 

lettuce was shown alongside a red lettuce). In the NR>R condition, the target had a 

colour that was not typical while the distractor was typical of the domain (e.g., a red 

strawberry was shown alongside a green strawberry). The pairs were presented on 

cards with the typical and less typical items on the left/right equally often. Target 

items in the R>NR and NR>R conditions were matched for frequency. There were 15 

trials in each condition. There were also 18 filler trials included to increase the range 

of correct-choice colours. Further methodological details are given in Rogers et al. 

(2007).  

Reading aloud: Patients were screened for the ability to read aloud regular 

words. Specifically, patients who were unable to read at least 75% of the regular 

words from PALPA 35 (which includes 60 regular and irregular words; Kay et al., 

1992) were excluded from testing on the experimental reading measure. This included 

five patients with very limited or error-prone spoken output. One further patient (ME) 

with good spoken output refused to attempt the task, explaining that she could not 

‘see’ the words – perhaps as a consequence of visual impairment following from her 
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occipital-temporal lesion. Six patients were tested on the regularity by frequency 

items used by Patterson et al. (2006) in their sample of SD patients. There were 168 

single-syllable words that crossed word frequency (high vs. low) and typicality 

(regular vs. irregular spelling-sound correspondences), with 42 items in each set. The 

words were presented individually in a random order. 

Spelling to dictation: As a screening task, we asked patients to spell the high 

frequency “primer” words in the BDAE (Goodglass, 1983). We excluded patients 

who were unable to spell at least four of the six items correctly (see Table 4). Five 

patients completed the harder spelling test used by Patterson et al. (2006) with SD 

patients. There were 36 single-syllable words that crossed frequency (high, medium, 

low) with typicality (regular vs. irregular), with six items in each set. The medium and 

low frequency words in each of the regularity conditions were combined into a low 

frequency set in the analysis, following Patterson et al.’s (2006) treatment of the SD 

data. The items were dictated one at a time in a random order. Patients repeated the 

items before trying to write them down them to ensure that they had been heard 

correctly. 

Past-tense generation: Patients with limited or error-prone speech production –

all of whom failed the screening task for reading aloud – were excluded from 

consideration in this task, since it required spoken output. Five SA patients were 

compared with the SD group. One hundred verbs from Patterson et al. (2001) were 

used. There were 25 items in four conditions that crossed word frequency (high vs. 

low) and typicality (regular vs. irregular). Participants heard and saw a short sentence 

in which the target verb was used in its stem/present-tense form (e.g., “Today I eat 

lunch”), followed by a second sentence in the past tense with a gap where the verb 

should be (e.g., “Yesterday I _____ lunch”). The patients were asked to reproduce the 

verb from the first sentence but this time in the past tense. Practice trials before the 

experiment were used to ensure that the patients understood the task. 

Picture copying: Seven patients were asked to copy 24 line drawings both 

when the picture was in front of them and after a delay. The immediate copy 

condition was used a screening measure to identify patients who had problems 

perceiving the pictures or executing the drawings. We included five patients in the 

delayed copy experiment who correctly reproduced 75% of the drawings’ features in 

their immediate copies (see below for scoring details). In the delayed copying task, 

SD and SA patients were shown the line drawings and asked to remember them whilst 
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counting aloud up from one with the experimenter for approximately ten seconds. 

After the delay, the patients were asked to try to reproduce the pictures from memory 

(picture names were not provided at any point). The SD patients tested by Patterson et 

al. (2006) did not perform the immediate copy task, although both immediate and 

delayed copy in SD were investigated by Bozeat et al. (2003) and Rogers et al. 

(2004), with both studies finding essentially normal immediate-copy performance in 

this disorder.  

Picture copying was initially scored following the method devised by Bozeat 

et al. (2003) for SD patient data. A checklist of the features produced by every control 

subject in delayed copying was produced. Features generated by the patients were 

counted as correct if they were in this checklist. Omissions occurred when the patients 

missed out a feature that had been included universally by the controls. Feature 

intrusion errors occurred when the patients produced a feature that was not in the 

original drawing or checklist. Each target feature was further classified as shared 

within domain, shared within category, or distinctive. The first group comprised 

features that were common to more than half of the items in the same superordinate 

category (e.g., for animals, features such as eyes, mouths and tails; for artefacts, 

general properties like having handles or corners. The second level of distinctiveness 

comprised features that were common to more than half of the items in the same basic 

category: for example, feathers and wings are common to most birds, but not most 

animals; wheels and doors are common to cars but not other artefacts. Finally, 

distinctive features tended not to be present in other semantically related items (e.g., a 

camel’s hump).  

As this coding scheme was specifically developed to capture the aspects of 

drawing performance that breakdown in SD, we devised a supplementary scoring 

scheme to explore other aspects of the drawings: namely contour violations, 

vagueness of features and additions of unclassifiable features. To provide a direct 

comparison with the SA participants, we also analysed picture copying for three 

further SD patients who had completed both immediate and delayed conditions (one 

of whom was included in the Patterson et al., 2006 study). These additional aspects of 

drawing performance were initially coded by a single experimenter. The SA and SD 

patients included unclassifiable intrusions at a similar rate and the features in their 

delayed drawings were equally vague. Therefore, we focused our formal analysis on 

contour violations. A second experimenter generated ratings for this property and the 
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inter-rater reliability was calculated (Kappa = .77, p < .0001). We used a three-point 

scale where a score of 1 denoted no contour violations, 2 denoted some breakdown of 

the object’s outline and 3 denoted serious contour violations such as the omission of 

major parts. We used an average of the scores generated by the two experimenters 

when there was a discrepancy in their ratings.  

 

Results 

The degree of semantic impairment, as assessed by background semantic tests, 

was equivalent for the SA cases and SD patients (see Table 2). There were no 

significant differences in word-picture matching, t(25) = 1.7, p > .1, or picture PPT, 

t(25) < 1, between the SA group and the SD patients examined by Patterson et al. 

(2006). Similarly, the SD patients who completed the colour decision task (Rogers et 

al., 2007) performed at a comparable level to the SA patients on word-picture 

matching, t(17) < 1.  

 

Summary of previous SD results  

The fourteen SD patients studied by Patterson et al. (2006) showed significant 

main effects of typicality/regularity and frequency and an interaction between these 

variables for lexical decision, object decision, reading aloud, spelling to dictation and 

past tense generation. These patients also showed a typicality effect in delayed picture 

copying (frequency was not manipulated in this task). In the colour decision task 

examined by Rogers et al. (2007), the SD patients with more severe semantic deficits 

(as measured by word-picture matching) performed at floor. Consequently, the effect 

of typicality did not reach significance in the SD group as a whole (N=10) but the 

patients with milder SD (N=5) showed a highly significant advantage for the typical 

items. Frequency was not manipulated in this test. 

 

SD vs. SA group comparisons 

Lexical decision. A 2x2x2 mixed factors ANOVA was used to examine the 

effects of typicality (the difference between W>NW and WR>W trials), target word 

frequency and patient group (SD: N=14; SA: N=13). The critical typicality by patient 

group interaction was significant: the SA patients showed smaller effects of typicality 

than the SD patients (despite showing a comparable degree of semantic impairment), 
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F(1,25) = 10.7, p = .003. Although there was no overall difference between the two 

groups in the effect of frequency (F(1,25) = 1.8, n.s.), the SD patients showed a larger 

frequency by typicality interaction than the SA cases, F(1,25) = 12.7, p = .002. This 

group comparison is shown in Figure 1. The SA group as a whole showed an effect of 

typicality in lexical decision that approached significance, F(1,12) = 4.3, p = .06, but 

only a single patient, KH, showed a significant advantage for W>NW over NW>W 

trials, Fisher’s Exact Test, one-tailed p < .0001 (scores for individual SA patients are 

provided in Table 5). The SA group did show a significant effect of item frequency, 

F(1,12) = 9.4, p = .01 and a regularity by frequency interaction that approached 

significance, F(1,12) = 3.6, p = .08.  

Figure 1 and Table 5 about here 

Object decision. In the object decision task, both patient groups were at or 

near ceiling for the R>NR trials. In contrast, the more severe SD patients were 

markedly impaired for the NR>R trials, while performance in the SA group remained 

relatively good (although 9/13 patients were below the ceiling-level performance 

reported for healthy older controls by Rogers et al., 2004; individual SA patient 

performance is summarised in Table 5). A 2x2x2 mixed factors ANOVA was used to 

examine the effects of typicality (the difference between R>NR and NR>R trials), 

item frequency and patient group (SD: N=14; SA: N=13). The typicality by patient 

group interaction was significant, with the SA patients showing less sensitivity to 

typicality than the SD cases, F(1,25) = 12.2, p = .002. However, there was no 

frequency by group interaction, F(1,25) < 1. The three-way interaction also failed to 

reach significance, F(1,25) = 2.8, p = .1. The SA group as a whole did show a 

significant typicality effect, F(1,12) = 8.8, p = .01 although this difference did not 

reach significance for any of the patients individually. The group comparison is 

shown in Figure 2. 

Figure 2 about here 

Colour decision. A 2x2 mixed factors ANOVA was used to examine the effect 

of typicality (the difference between R>NR and NR>R trials) and patient group (SD: 

N=10; SA: N=11; item frequency was not manipulated). There was no group by 

typicality interaction when all of the patients were included, presumably because only 

SD patients with mild semantic impairment showed a significant typicality effect 

(with more impaired patients performing at chance levels). However, when the five 

SD patients with the mildest semantic deficits (according to performance on word-
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picture matching) were compared with the six least-impaired SA patients, a typicality 

by patient group interaction emerged, F(1,9) = 10.8, p = .009, even though these 

subgroups of patients were well-matched in terms of their background semantic 

scores (comparison for word-picture matching, t(9) < 1). The SA group did not show 

typicality effects in this task, regardless of whether the analysis included the whole 

group or only the least semantically impaired patients. This group comparison is 

shown in Figure 3. Individual SA patient data are provided in Table 5. 

Figure 3 about here 

Reading aloud. Table 6 shows performance on PALPA 35, used here as a 

screening assessment. Of the nine SA patients who completed this task, six had 

largely accurate reading of both regular and irregular words, one showed a regularity 

effect (SC: Fisher’s exact one-tailed p = .02) and two had very poor reading of both 

regular and irregular items (KH and LS). The majority of the SA patients’ errors were 

visual/phonological errors that were not plausible pronunciations of the target (e.g., 

pump � “kump”). Most of the SA patients also made a few errors that were plausible 

mispronunciations, i.e., the letter components were given speech sounds that they take 

in other words. Some of these errors were regularisations (e.g., come � “comb”) and 

others were LARC errors (‘legitimate alternative reading of components’ such as 

routine � “roe-tine”; here the ‘ou’ segment has been read in line with its 

pronunciation in ‘soul’). In every SA patient, implausible pronunciations greatly 

outnumbered plausible errors. In contrast, Patterson et al. (2006) found that the 

overwhelming majority of SD patients’ errors in reading aloud were regularisations or 

LARC errors. The SA patients also produced some additional types of errors: there 

were small numbers of semantic (wolf � “monkey”) and/or derivational errors (e.g., 

iron � “ironing”), SC and KH produced letter naming responses (gauge � 

G,A,U,G), omissions were common for KH, and LS and KH made frequent 

perseverations and unrelated responses. 

-Table 6 about here- 

Six SA patients who performed well in the screening phase also completed the 

task used by Patterson et al. (2006), allowing a direct comparison with SD. Three SA 

patients showed a moderate yet significant advantage for reading regular over 

irregular words (SC: 75% vs. 61% correct, Fisher’s exact one-sided p = .03; NY: 89% 

vs. 76% correct, p = .02; TS: 86% vs. 73% correct, p = .03). The performance of the 

remaining three SA patients on both regular and irregular items was close to ceiling  – 
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in contrast, SD patients with a comparable degree of semantic impairment produced 

substantial numbers of errors on the low frequency irregular items. A 2x2x2 mixed 

factors ANOVA was used to examine the effects of regularity, item frequency and 

patient group (see Figure 4). This analysis only included the six SD patients with the 

mildest semantic deficits who obtained similar semantic test scores to the SA group 

(comparison of word-picture matching and picture PPT scores for two subgroups: 

t(10) < 1.2). Importantly, there was a regularity by patient group interaction: the effect 

of regularity was significantly stronger in the SD than the SA group, F(1,10) = 8.6, p 

= .02. The SD patients also showed a greater influence of frequency on reading 

accuracy than the SA cases, F(1,10) = 6.8, p = .03; moreover, the three-way 

interaction between regularity, word frequency and group was significant, F(1,10) = 

11.7, p = .007. When considered alone, the SA group did show significant effects of 

both regularity, F(1,5) = 6.8, p = .05, and frequency, F(1,5) = 10.8, p = .02.  

-Figure 4 about here- 

Spelling to dictation. Of the five SA patients who completed the spelling to 

dictation task used by Patterson et al. (2006), none showed a significant difference in 

accuracy for regular and irregular items. Overall accuracy was 17% for SC, 39% for 

NY, 25% for TS, 89% for CH and 47% for ME. These scores were within the range 

seen in the SD group. A 2x2x2 mixed factors ANOVA was used to examine the 

effects of regularity, item frequency and patient group (see Figure 5). This analysis 

included the six SD patients with the mildest semantic deficits who showed the same 

degree of semantic impairment as the SA cases (comparison of word-picture matching 

and picture PPT for two subgroups: t(9) < 1). The interaction between regularity and 

patient group was again highly significant – the SD patients showed a significantly 

larger regularity effect than the SA cases, F(1,9) = 14.1, p = .005. No other 

interactions reached significance. The SA group alone did show an effect of 

frequency, F(1,4) = 12.3, p = .03, but no influence of regularity.  

NY, SC, CH and TS made primarily non-LARC errors in spelling to dictation: 

67% –  100% of their incorrect responses were of this type (i.e., the sound segments 

received non-plausible spellings that are not observed in other words). These errors 

included letter substitutions (e.g., yeast � neast), deletions (e.g., snatch � sntch), 

additions (e.g., couch � cousqud) and migrations (e.g., couch � choc). NY and TS 

also made omission errors. In contrast, 74% of ME’s errors were LARC responses. 

This pattern is in line with the SD patients studied by Patterson et al. (2006).  
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-Figure 5 about here- 

Past tense generation. Two of the six SA cases who completed the past-tense 

generation task showed a significant regularity effect (both NY and SC: 64% vs. 44% 

correct for regular and irregular verbs respectively; Fisher’s exact one-sided p < .04).  

NY also showed significantly better performance for high than low frequency verbs 

(NY = 64% vs. 44%; Fisher’s exact one-sided p < .04), although the other patients did 

not. Patient NS scored 74% and 84% respectively for regular and irregular items, 

while PG, CH and ME were near ceiling on all conditions (PG: 94% vs. 86% for 

regular and irregular items; CH: > 96% for both; ME = 90% for both). In contrast, SD 

patients with a comparable degree of semantic impairment made substantial numbers 

of errors for low frequency irregular items. A 2x2x2 mixed factors ANOVA was used 

to contrast the effects of regularity and frequency in the two groups (see Figure 6). 

This analysis included six SD patients with the mildest semantic deficits who showed 

the same degree of semantic impairment as the SA cases (comparison of word-picture 

matching and picture PPT for two subgroups: t(10) < 1). The interaction between 

patient group and regularity was significant: the SD patients showed a larger 

regularity effect than the SA cases, F(1,10) = 8.0, p = .02. No other interactions 

reached significance. When considered alone, the SA group showed an effect of 

frequency, F(1,5) = 16.4, p = .03, but no influence of regularity.  

The SA patients’ errors on the past tense generation task were again different 

from those seen in SD. The SA patients made frequent semantic and unrelated 

responses that were rarely seen in SD (an average of 13% and 10% of errors 

respectively). Semantic errors were typically past tense verbs with a similar meaning 

to the target verb (e.g., Today I drink wine, yesterday I supped wine). Many of the 

unrelated responses were also verbs produced in the past tense (e.g., Today I get 

hungry, yesterday I envied). Relatively few of the SA patients’ errors were 

regularisations and LARC responses (an average of 7% and 3% of errors respectively) 

although every case produced some responses of this type. No change errors were also 

common (e.g., Today I play, yesterday I play; an average of 28% of errors). This error 

type was also observed quite commonly for the SD patients. There were small 

numbers of phonological, omission and grammatical errors (especially for patient SC; 

e.g., Today I drink wine, yesterday I drinking).  

-Figure 6 about here- 
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Picture copying. Illustrative pictures from the two patient groups are shown in 

Figure 7. Five SA patients who were relatively good at reproducing pictures with no 

delay (77-85% of features correct) completed the delayed picture copying task (64-

70% of features correctly reproduced). These cases included individuals with both 

milder and more severe semantic deficits: as a group, their performance on semantic 

tasks was comparable to the first SD cohort (comparison of word-picture matching 

and picture PPT: t(10) < 1.5, n.s.).  

Figure 7 about here 

Following Patterson et al. (2006), we combined the shared within domain and 

shared within category elements to contrast shared vs. distinctive features. We 

performed two separate 2x2 mixed factors ANOVAs, examining the effects of patient 

group (SA: N=5; SD: N=14) and distinctiveness on (i) misses of correct features and 

(ii) intrusions of incorrect ones. Critically, for both measures, there was a 

distinctiveness by patient group interaction; misses: F(1,17) = 37.3, p < .0001; 

intrusions: F(1,17) = 16.5, p = .0001. Although the effect of distinctiveness was 

significantly larger for the SD than the SA group, the SA patients did show significant 

effects of distinctiveness for both misses, t(4) = 2.7, p = .05, and intrusions, t(4) = 5.3, 

p = .006. There was no main effect of group for feature omissions, indicating that the 

SD and SA patients reproduced equal numbers of correct features, F(1,17) = 2.9, p = 

.11. However, the SD patients made more frequent intrusions than the SA patients 

overall, F(1,17) = 17.8, p = .001. These data are shown in Figure 8. 

Figure 8 about here 

In addition, we examined contour violations for the six SA patients and the 

three SD patients who were tested both with and without a delay (see Figure 9). A 2x2 

mixed factors ANOVA was used to compare the effects of delay for these SA and SD 

groups. There was a significant main effect of delay indicating that there were more 

contour violations in the delayed copy condition (F(1,6) = 21.3, p = .004). There was 

also a significant interaction between patient group and delay, despite the small 

number of cases in the analysis (F(1,6) = 7.5, p = .03). The SA group produced more 

contour violations than the SD patients in delayed copying (Mann-Whitney U = 0, p = 

.03) but not immediate copying (Mann-Whitney U = 3, ns). 

Figure 9 about here 

 Summary: In all seven tasks, ANOVA yielded significant interactions between 

regularity/typicality and patient group: the SA patients were less sensitive to 
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regularity/typicality than the SD patients, despite the fact that the two groups achieved 

equivalent scores on semantic tests. They also made different types of errors. The SD 

patients made predominately regularisation/LARC errors in every task requiring overt 

production – e.g., reading aloud (PINT to rhyme with ‘mint’), spelling (‘cough’ � 

COFF), past tense generation (‘catch’ � ‘catched’) and delayed copying (drawing a 

duck with four legs). Although the SA patients did make errors of this type, the 

majority of their errors were implausible renderings of the stimuli. In reading aloud, 

the patients with better performance made largely implausible phonological errors 

while the more impaired patients made semantic/derivational errors, perseverations 

and omissions. In spelling, the patients made frequent letter substitutions, deletions 

and migrations. In the verb generation task, the SA patients responded with 

semantically related/unrelated verbs. In picture copying, the SA patients made a larger 

number of contour violations – for example, they sometimes omitted major features 

such as the heads of animals which did not make their drawings more typical. 

 

Discussion 

This study examined the impact of semantic impairment on a variety of “pre-

semantic tasks” – lexical decision, object decision, colour decision, reading aloud, 

spelling to dictation, past tense generation and delayed picture copying – in semantic 

dementia (SD) and semantic aphasia (SA). Previous research indicates that all of these 

tasks are affected in a highly predictable way by the semantic degradation in SD (see 

Patterson et al., 2006). SD patients have difficulty with transformations that are 

atypical and make “regularisation errors” in which irregular items are produced as if 

they were domain-typical. In contrast, we found that comprehension impairment in 

SA did not result in this pattern. (1) In all seven “pre-semantic” tasks that we 

examined, the SA patients were less sensitive to typicality than the SD patients 

(producing significant group by regularity interactions), even though the two groups 

were matched for performance on semantic tests. (2) In several tasks, the aphasic 

group were also less sensitive to item frequency and/or showed a smaller frequency 

by typicality interaction than the patients with SD. (3) In production tasks, the SA 

patients made fewer regularisation errors and many more implausible responses than 

the SD group – for example, unrelated, semantic and perseverative errors.  
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We propose that these differences between SA and SD patients reflect the 

underlying nature of the semantic deficit in the two conditions: SD patients have 

degraded semantic representations, following atrophy of anterior temporal regions, 

while SA patients have deficient executive control over activation within the semantic 

system, following infarcts in left inferior frontal and temporoparietal regions 

(Jefferies and Lambon Ralph, 2006). By this view, semantic degradation in SD 

directly affects the extent to which the semantic system can constrain the 

transformation in each “pre-semantic” task (for example, the transformation from 

orthography to phonology in reading aloud). The semantic degradation in SD has little 

impact on regular items, which are supported sufficiently by domain-specific 

representations alone. However, for low-frequency atypical items, regularisation 

errors occur because domain-specific representations are insufficient to generate the 

correct response in the absence of support from semantic memory (see Patterson et 

al., 2006). In contrast, for patients with SA, pre-semantic tasks should still be able to 

activate semantic representations in the undamaged ATL. Although the flow of 

activation through the network may be abnormal, atypical items will continue to 

receive support from the ATL and, as a consequence, we would not expect SA 

patients to show typicality effects to the same degree as individuals with SD. This key 

prediction was borne out on every task in this study. Moreover, the SA patients’ errors 

were consistent with the hypothesis that poor executive control underpinned their 

deficits. The more severely impaired patients showed marked perseverations in 

several tasks (reading, past tense generation, picture copying). In addition, the 

presence of semantic errors in past tense generation/reading and the misordering of 

letters in spelling to dictation might have reflected the patients’ inability to overcome 

the activation of competitors.  

Our proposed explanation of these ‘pre-semantic’ task differences in SD and 

SA fits well with the focus of cortical damage in each group. While the bilateral 

temporal poles, atrophied in SD, are thought to form a ‘semantic hub’ of amodal 

conceptual knowledge (Patterson et al., 2007; Visser et al., in press), the left 

prefrontal and temporoparietal areas, damaged in SA, are thought to contribute to 

semantic control processes, including controlled semantic retrieval and selection. 

Functional neuroimaging studies of healthy participants have particularly highlighted 

the role of the left inferior prefrontal gyrus in semantic control – however, posterior 

temporal and inferior parietal regions can also show sensitivity to the executive 
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demands of semantic tasks (Badre et al., 2005; Thompson-Schill et al., 1997; Wagner 

et al., 2001). These findings, together with our earlier observations of comparable 

semantic control deficits in SA following damage to either left prefrontal or 

temporoparietal cortex, suggest that semantic control is dependant on interactions 

between prefrontal and temporoparietal areas (Jefferies et al., 2007; Jefferies and 

Lambon Ralph, 2006; Jefferies et al., 2008; Noonan et al., in press). Similarly, both 

prefrontal and parietal areas are recruited when healthy subjects perform executively-

demanding tasks beyond the semantic domain (Collette et al., 2006; Collette et al., 

2005; Garavan et al., 2000; Nagel et al., 2008; Rowe et al., 2008) and damage to these 

two regions can result in comparable deficits in attention (Peers et al., 2005). This 

partial overlap in the neural basis of semantic control and executive control 

presumably explains the association between semantic impairment and poor 

performance on standard executive tasks in SA (Jefferies and Lambon Ralph, 2006; 

Wiener et al., 2004). 

To date, there has been relatively little consideration of the effect of poor 

executive control on “pre-semantic” tasks. Nevertheless, a recent study examined the 

impact of attentional deficits on past tense generation in Alzheimer’s disease (AD) 

(Cortese et al., 2006). Patients with AD have attentional/executive deficits that are 

likely to contribute to their poor performance on semantic tasks (Baddeley et al., 

2001; Perry and Hodges, 1999; Swanberg et al., 2004). In line with this view, they are 

sensitive to the requirement for semantic selection/control (Nebes et al., 1986; Nebes 

et al., 1989; Papagno et al., 2003; Tippett et al., 2004). These patients also show 

evidence of a degraded store of semantic knowledge (Hodges et al., 1996; Hodges et 

al., 1992b) and they have temporal lobe atrophy that overlaps to some extent with the 

areas affected in SD (Galton et al., 2001). Patients with AD may therefore present 

with a combination of semantic degradation and deregulation. Cortese et al. (2006) 

found that both SD and AD patients showed effects of regularity and made 

regularisation errors in past tense generation. However, the effect of 

regularity/consistency was larger in SD, presumably because the SD group had more 

degraded semantic representations (the AD group were less impaired on semantic 

tasks). Strain et al. (1998) similarly found that regularity effects in AD patients’ 

reading only emerged when the semantic impairment had become pronounced. 

Cortese et al. (2006) suggested that attentional deficits might produce an effect of 

regularity in past tense generation because multiple forms will be activated and a 
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particular response must be selected for output. For example, executively-impaired 

patients might make regularisation errors when generating the past tense of an 

irregular word like ‘flee’ if they select a highly activated but incorrect form such as 

‘fleed’. This might explain why the SA patients in our study produced some 

regularisation errors and showed small but significant effects of regularity on 

accuracy. However, it seems likely that degradation of the ATL semantic system also 

contributed to the regularity effects observed in AD by Cortese et al. 

The current study provides much more information about how the relationship 

between semantic impairment and “pre-semantic” deficits is influenced by (i) the 

aetiology of brain damage (SD vs. SA) and (ii) the nature of the semantic impairment 

(degraded semantic representation in SD vs. poor executive control over semantic 

cognition in SA). The predicted effects of semantic impairment on pre-semantic tasks 

have been demonstrated most frequently in patients with SD. In contrast, patients who 

show a breakdown in this association – i.e., preserved reading of irregular words 

despite pronounced semantic memory problems – are typically individuals with AD 

and stroke aphasia (Gerhand, 2001; Lambon Ralph et al., 1995). These cases are 

viewed as highly significant by some researchers because they suggest that semantic 

memory impairment and regularisation errors on “pre-semantic” tasks are dissociable. 

However, our findings indicate that strong typicality effects in “pre-semantic” tasks 

follow degradation of ATL semantic representations and not poor executive control of 

semantic cognition. As the semantic deficit in SA and to some extent AD is likely to 

be related to poor executive control, individuals with these conditions do not 

disconfirm the hypothesis that semantic representations play an important role in 

“pre-semantic” cognition. 
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Table 1: Background details for the semantic aphasic patients  

Case Age Sex 

Full-time 
education 

(leaving age) Neuroimaging summary 

Years 
since 
CVA Aphasia type 

BDAE 
compreh 

%ile 

BDAE 
fluency 

%ile 

BDAE 
repetition 

%ile 

PALPA 9 
word 

repetition (%) 
SC 76 M 16 L occipital-temporal (& R frontal) 5.5 Anomic/TSA 37 90 60 98 
NY 63 M 15 L frontal-parietal 4.5 Mixed 47 37 40 81 
NS 79 F 16 Unavailable 7 Anomic/TSA    100 
PG 59 M 18 L frontal & capsular (CT) 5 TSA 20 40 80 91 
TS 85 M 14 Unavailable 3 Mixed transcortical 28 30 47 73 
KH 73 M 14 L occipital-temporal & frontal-parietal 1.5 Mixed transcortical 30 30 40 80 
BB 55 F 16 L frontal (CT) 2.5 Mixed transcortical 10 17 55 96 
MS 73 F 14 Unavailable 5 Global 10 0 0 0 
CH 82 M 16 Unavailable 8 TSA 52 77 85 NT 
JM 69 F 18 L frontal-temporal-parietal (CT) 6 TSA 22 63 40 95 
ME 36 F 16 L occipital-temporal 6.5 TSA 33 100 100 100 
KA 74 M 14 L frontal-parietal (CT) 1 Global 0 23 0 0 
LS 71 M 15 L frontal & occipital parietal 3 TSA 13 90 90 96 

Patients are arranged in order of semantic composite scores (see text and Table 2). BDAE = Boston Diagnostic Aphasia Examination 

(Goodglass, 1983). Comprehension percentiles derived from word discrimination, commands and complex ideational material tests. Fluency 

percentile derived from phrase length, melodic line and grammatical form ratings. Repetition percentile is average of word and sentence 

repetition. TSA (transcortical sensory aphasia) was defined as good or intermediate fluency/repetition and poorer comprehension. PALPA = 

Psycholinguistic Assessments of Language Processing in Aphasia (Kay et al., 1992). 
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Table 2: Neuropsychological assessment for the SA cases 

Task Max Normal cut-off  SC NY NS PG TS KH BB MS CH JM ME KA LS  SA average 

Composite semantic score    1.4 1.2 1.0 0.6 0.6 0.2 0.2 -0.2 -0.3 -0.4 -1.2 -1.2 -1.8   

Picture PPT 52 48  50 47* 47* 42* 42* 41* 41* 41* 36* 35* 29* 44* 31*  40.5 

Word PPT 52 49  51 42* NT 43* NT 39* 35* 34* NT 44* 39* 44* 39*  41.0 

Picture naming 64 59  28* 51* 56* 44* 55* 29* 9* 0* NT 30* 4* 0* 5*  25.9 

Word-picture matching 64 62  59* 60* 57* 58* 58* 54* 54* 46* 53* 53* 50* 26* 37*  51.2 

Synonym judgement 96 91  71* 69* NT 69* 69* 61* 61* 51* 81* 69* 81* 60* 48*   

Letter fluency - 22  24* 5* NT 2* 1* 0* 0* 0* NT 1* 14* 0* 8*   

Category fluency - 62  17* 25* NT 4* 14* 18* 13* 0* NT 17* 25* NT 11*   
                   

VOSP dot counting 10 8  10 10 8 5* 10 10 10 10 NT 10 3* 0* 6*   

VOSP position discrimination 20 18  17* 20 16* 20 19 18 18 19 NT 19 15* 14* 16*   

VOSP number location 10 7  10 10 9 9 6* 9 8 NT NT 5* 2* 6* 8   

VOSP cube analysis 10 6  9 5* 5* 10 5* 3* 2* 8 NT 3* 4* NT 4*   

Raven's coloured matrices 36 14†  22 26 12* 23 16 12* 24 12* 25 14* 13* 12* 16   

Brixton spatial anticipation (correct) 54 28  25* 34 NT 26* 18* 7* 23* 16* NT NT 11* 6* 14*   

TEA: counting without distraction 7 6  7 3* NT 3* 4* 6 4* NT NT 3* 7 NT 3*   

TEA: counting with distraction 10 3  1* 2* NT 0* 1* 3 0* NT NT 0* 9 NT 2*   

Digit span: forwards - 5  6 3* 4 6 3* 4* 5 0* 7 3* 6 0* 4*   

Digit span: backwards - 2  2 2 NT 2 2 2 0* NT NT 2 3 NT 1*   

Patients are arranged in order of semantic composite scores (see text). * denotes impaired scores. NT = not tested. PPT = Pyramids and Palm 

Trees Test (Howard & Patterson, 1992). One patient, SC, who was within the normal range on the PPT, nevertheless showed significant 

impairment on the similar Camel and Cactus Test which includes four response options (Bozeat et al., 2000). For non-standardised assessments, 

normal cut-off = 2 SD below control mean. †Cut-off for Raven’s corresponds to 5th percentile. 
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Table 3: Background details for SD cohorts  

 Case Age Sex MMSE Rey 
Picture name 
(out of 64) 

Word-picture match 
(out of 64) 

Picture PPT 
(out of 52) 

Composite 
semantic 

Cohort 1 AN 65 M 27 36 41 62 48 1.54 
 JP 66 M 26 36 49 63 47 1.49 
 JTh 55 F 25 31 43 55 49 1.37 
 SJ 60 F 19 34 11 51 45 0.89 
 DV 65 M 23 36 15 49 41 0.48 
 NS 69 F 25 36 8 42 39 0.06 
 LS2 61 M 24 29 34 60 29 -0.14 
 EK 60 F 27 35 17 43 33 -0.41 
 BS 68 M 25 33 29 40 33 -0.52 
 JTw 66 M 25 31 5 34 35 -0.57 
 WM 55 F 21 34 6 21 38 -0.78 
 KI 65 M 23 34 15 36 31 -0.83 
 ATe 62 M 20 36 3 29 31 -1.08 
 JG 71 F 19 34 2 8 35 -1.50 
          

Cohort 2 AN M 65 28 36 53 63   
 JP M 66 26 36 49 63   
 LS M 61 25 36 36 62   
 JT F 55 25 31 43 55   
 WM F 54 24 36 14 52   
 ATh M 61 13 34 13 45   
 NS F 69 25 36 8 42   
 JCh M 59 12 25 14 37   
 ATe M 67 24 36 5 29   
 JG F 71 8 35 NT 8   

Cohort 1 was tested on six of the seven tasks reported here (data from Patterson et al., 2006). Cohort 2 was used for the colour decision task 

(data from Rogers et al., 2007). Patients in each group are arranged in order of semantic severity (see text for details of composite score). MMSE 

= mini-mental state examination. Rey = figure copy with stimulus present. PPT = Pyramids and Palm Trees Test (Howard & Patterson, 1992). 
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Table 4: Inclusion and exclusion of SA patients for each task 

Task Screening measure SC NY NS PG TS KH BB MS CH JM ME KA LS 

Lexical decision  Y Y Y Y Y Y Y Y Y Y Y Y Y 

Object decision  Y Y Y Y Y Y Y Y Y Y Y Y Y 

Colour decision  Y Y Y Y Y Y Y NT Y NT Y Y Y 

Reading >75% regular items from PALPA 35 correct Y Y Y Y Y N N N Y NT N N N 

Spelling 4/6 "primer" words from BDAE correct Y Y N N Y N N N Y NT Y N N 

Past tense Good speech production - e.g., PALPA reading Y Y Y N N N N N Y NT Y N N 

Picture copying >75% features correct in immediate copy  Y Y NT Y NT NT Y NT NT NT N N Y 

Y = passed screening test; included in experiment. N = failed screening test (including patients who were unable to attempt task). NT = Not 

tested (i.e., withdrew from study prior to experiment).  
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Table 5: Summary of individual SA patient performance on the 2AFC tasks 

Task Condition SC NY NS PG TS KH BB MS CH JM ME KA LS 

Lexical decision W>NW .75 .83 .94 .97 .67 .69 .72 .81 1 .86 .72 .83 .81 

Lexical decision NW>W .64 .72 .89 .89 .72 .22 .69 .69 .89 1 .78 .72 .64 

Object decision R>NR 1 .97 .93 .97 .90 1 1 1 .77 1 .90 .87 .93 

Object decision NR>R .9 .87 .83 1 .93 .97 .90 .93 .70 .97 .90 .70 .97 

Colour decision R>NR .80 .73 .80 .73 .87 .87 1 NT .73 NT .87 .73 .80 

Colour decision NR>R .73 .87 .73 .93 .80 .60 .87 NT .53 NT .87 .53 .87 

Table shows proportion of trials correct. 
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Table 6: Reading accuracy and errors for PALPA 35 set 

 SC NY NS PG TS KH CH JM LS 

Correct: regular .80 .90 .97 .93 .87 .07 .93 .97 0 

Correct: irregular .50 .93 1 .93 .83 .07 .90 .87 0 

Correct: total .65 .92 .98 .93 .85 .07 .92 .92 0 

Plausible (regularisation + LARC) .10 .02 0 .03 .02 .02 0 .02 0 

Non-plausible phonological .15 .07 .02 .02 .08 .12 .08 .07 0 

Semantic + derivational .02 0 0 .02 .02 .08 0 0 0 

Unrelated .02 0 0 0 .02 .12 0 0 .18 

Letter sounding/naming .07 0 0 0 0 .12 0 0 0 

Omission 0 0 0 0 .02 .38 0 0 0 

Perseveration 0 0 0 0 0 .10 0 0 .82 

Data are expressed as a proportion of items presented. Self-corrections were counted as correct (but only one patient, SC, made significant 

numbers of these). Patients are arranged in order of semantic composite scores (see text). 
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Figure 1: Effect of frequency and typicality on lexical decision 

 
 

Error bars show standard error of mean.  
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Figure 2: Effect of frequency and typicality on object decision 

 

Error bars show standard error of mean.  
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Figure 3: Effect of typicality on colour decision 

 

Error bars show standard error of mean.  
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Figure 4: Effect of frequency and regularity on reading aloud 

 
 

Error bars show standard error of mean.  
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Figure 5: Effect of frequency and regularity on spelling to dictation 

 
 

Error bars show standard error of mean.  
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Figure 6: Effect of frequency and regularity on past tense generation 

 
 

Error bars show standard error of mean.  
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Figure 7: Illustrative examples of immediate and delayed picture copying in semantic dementia and semantic 

aphasia
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Fig. 3a: Kangaroo Fig. 3b: Ostrich 
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Figure 8: Misses and intrusions of shared and distinctive features in delayed picture copying 

 
 

  

Fig 8a: Misses Fig 8b: Intrusions 

Error bars show standard error of mean. Fig. 8a shows the proportion of features reliably reproduced by controls that were omitted 

by each patient group. Fig. 8b shows intrusions of incorrect features, expressed as a proportion of the number of opportunities for 

intrusions. 
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Figure 9: Contour violations in immediate and delayed picture copying 
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Error bars show standard error of mean. 

 

 


