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Abstract

This thesis is concerned with the organization of semantic memory. Potential organizing principles include
organization by input modahty, information type, taxonomic category and output task. The thesis examines
wiiether any current neuropsychological model of semantic memory can account for data relevant to each of
these issues simultaneously.

The issue of organization by input modahty was investigated through a stucfy of 10 dementia patients. The
study examined whether superior access to semantic knowledge from pictures is a necessary consequence of
damage to semantic representations, as predicted by some theories. No evidence for this hypothesis was
found.

The relationship between organization by input modahty, information type and output task was explored
using reaction-time studies of normal subjects. The effect of input modality on the time taken to make
semantic decisicms was found to interact with the type of information sougjit. Furthermore, the relationship
between these variables was modified by the style of stimulus presentation. However, there was no
interaction between input modahty and the type of decision to be made vdien the style of presentation and
the type of information sought were held constant.

Finally, the possibility that category-specific deficits are an emergent effect of organization by
information type was investigated. A comparison between the performance of a patient with a deficit for
hving things and the performance of a conq)utational model wfrich only distinguishes between different
modahties of information (Farah and McClelland 1991) did not produce any evidence to support this
hypothesis.

Two main conclusions were drawn. The first was that no current fiieory can account for the data relevant to
each of these issues simultaneously. A new model was therefixe proposed. The second was that it may be
possible for different tasks to produce different patterns of performance, even if the information required
to perform each task is ostensibly the same.
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Chapter 1

The Organisation of Semantic Knowledge:
A Review of the Neuropsychological Literature

1.1 A definition of semantic memory

Traditionally, "semantics” has been used to refer to the study of the relationship between
linguistic symbols and the world. For example, Tulving (1972) defined semantic memory as
"... the memory necessary for the use of language. It is a mental thesaurus, organized
knowledge a person possesses about words and other verbal symbols, their meaning and
referents, about relations among them, and about rules, formulas and algorithms for the
manipulations of these symbols, concepts and relations". However, some authors have
suggested that this type of definition of semantic memory is too limited, and does not
capture the full range of situations in which semantic memory may be used. For example,
Kintsch (1980) has argued that "attempts to equate semantic memory with word meanings
only, that is, with the "subjective lexicon", are misguided and doomed to failure. Semantic
memory is our whole-world knowledge - including what we know about robins, 7 x 4 = 28,
what to do in a restaurant, and the history of the Civil War" (p. 609). Hence, according to
this view, semantic memory incorporates not only lexical information (i.e. the defining
properties of words) but also encyclopaedic information, which consists of the nondefinitional meanings of words and our general whole-world knowledge.

It is this second, more general conception of semantic memory that has been used by
scientists working in the area of cognitive neuropsychology. Semantics is taken to refer to
our knowledge about concepts (and not just linguistic concepts) in the real world. The
semantic representation of a concept is therefore generally understood to consist of a wide
range of knowledge, including perceptual information, functional information and
information about the relationships between concepts.
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1.2 A simple model of semantic memory

Sartori, Job and Coltheart (1993) have outlined a number of general characteristics of
semantic memory. These include the following:-

(i) Semantic memory may be accessed from various input modalities. For example, we can
access the knowledge that a dog is an animal both from the word "dog" and from a picture
of a dog.

(ii) Semantic memory includes many different types of information. For example, the
semantic representation for "dog" would include information about this animal's perceptual
and functional characteristics, as well as information about this concept's relationship to
other concepts.

(iii) Semantic memory includes information about many different kinds of object, from many
different taxonomic categories.

(iv) Semantic memory may be used to perform a wide variety of tasks. For example,
semantic information is used when we name a picture of a dog, describe what a dog looks
like, or take a dog for a walk.

The simplest model of semantic memory that could be constructed on the basis of these facts
would be that there is a single semantic system which is equally accessible from all input
modalities. This system would contain semantic representations for concepts from all
taxonomic categories, and these representations would contain all the different types of
semantic information about concepts. Finally, this system would be used to perform all types
of object-centred tasks. This model will be referred to here as the simple unitary semantics
model. In addition, a standard assumption is that access to some form of pre-semantic
representation of input must precede the retrieval of semantic information. Pre-semantic
representations may consist of entries in orthographic or phonological input lexicons, or
structural descriptions for visual (pictorial) input.
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However, a number of neuropsychological findings suggest that this model is inadequate.
Studies of brain-damaged patients have revealed that deficits of semantic memory can be
selective. For example, it has been demonstrated that impairments of semantic memory can
be disproportionately severe for stimuli presented in particular input modalities, particular
types of semantic information, information about items from certain taxonomic categories
or for specific tasks. These findings have led researchers to ask whether one or more of
these dimensions are organizing principles of semantic memory.

A number of different models of semantic memory have been put forward in order to
account for such selective semantic deficits. On examining these models, two issues become
apparent. The first is that, although questions with regard to whether or not semantic
knowledge is organized by input modality, information type, taxonomic category or type of
task are, in theory, independent of one another, the manner in which the empirical data
relevant to one of these issues is accounted for sometimes has implications for organization
along another dimension. This is because some models explain deficits whose boundaries
are apparently defined in terms of one dimension in terms of the emergent properties of a
system that is organized along another dimension (For example, Warrington and Shallice
[1984] have argued that category-specific deficits may be an emergent property of a system
that is organized into functional and sensory attributes.) It is therefore sometimes difficult
to examine each model's statements with regard to each of these organizing principles in
isolation. The second issue is that it is not clear that any of these models is able to address
all of these questions simultaneously.

However, current models of semantic memory may be broadly divided into those which
state that there is only a single semantic system and those which state that there are multiple
semantic subsystems. The major impetus for this divide was the observation that the
performance of patients with impairments arising from damage at the semantic level may be
characterized by modality-specific effects. Such observations have led some authors to
suggest that input modality is an important organizing principle of semantic memory.
Because this issue has had such a great influence on the development of models of semantic
memory, by far the greater part of this chapter will be devoted to an examination of the
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empirical evidence of modality-specific effects, and the manner in which this data is
accounted for by each of the major current neuropsychological models of semantic memory.
The remaining three possible organizing principles of semantic memory - namely type of
information, taxonomic category and type of task will be addressed briefly, but a more
detailed discussion of these issues will be postponed until later chapters (see section 1.14).
Finally, the extent to which each model can make coherent predictions about each
organizing principle simultaneously will be assessed.

Before presenting and evaluating any empirical data, however, it is necessary to address
another important issue in cognitive neuropsychology. The set of semantic impairments that
have been observed is highly complex. However, when one attempts to use this data to
evaluate models of semantic memory, it becomes apparent that impairments which may be
explained by one model in terms of damage to stored semantic representations may be
accounted for by another model in terms of a problem in accessing intact semantic
representations. It is therefore necessary to consider how storage deficits and access deficits
may be distinguished fi"om one another, in order to impose some constraints on accounts of
these impairments.

1.3 Distinguishing between deficits of semantic access and semantic storage

A method of determining pre-theoretically whether a particular impairment is at the level
of stored knowledge or only affects access pathways would be extremely useful. Such a
method would be generally applicable, across different models of semantic representation
and processing. Warrington and Shallice (1979; see also Shallice 1987; 1988b) have
proposed a number of criteria which they suggest may be used for this purpose.

Warrington and Shallice argued that, on the basis of their performance across a number of
criteria, patients could be divided into two basic groups. They suggested that these groups
could be interpreted in terms of a conceptual contrast between storage deficits (where
information is permanently unavailable) and access deficits (where information is
inaccessible on some occasions but not on others). The criteria which they proposed could
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differentiate between the two types of impairment were as follows:-

(i) Consistency o f performance

Warrington and Shallice argued that patients with a storage deficit would show a high
degree of consistency in their performance on individual items across time, as certain
semantic information would be permanently lost to them. By contrast, those with an access
deficit would be expected to demonstrate inconsistent performance, as changes in temporary
local factors would mean that information would be accessible on some occasions but not
on others.

(ii) Wordfrequency effects

Warrington and Shallice argued that concepts that are used very fi'equently would have
larger and more redundant semantic representations than concepts that are used less
frequently, and hence would be more resistant to the effects of brain damage. Word
frequency would therefore be an important factor determining the performance of patients
with degraded semantic representations. However, if access procedures were impaired,
fluctuating conditions would attenuate the usual frequency effects, and so word frequency
would not be expected to affect the performance of patients with access deficits.^

(iii) Priming effects

Warrington and Shallice argued that semantic priming would not be possible in cases of
impaired semantic storage, on the assumption that if a representation itself is lost, it cannot
be primed. By contrast, priming would be expected to improve performance if the problem
were one of semantic access.^

‘ Shallice [personal communication] has pointed out that, in the limit, a complete lack of consistency must imply
that there is no effect of word frequency.
^Cherflcow and Bub (1990b) have noted that "Semanticpriming usually refers to the passive spread of activation
through semantic memory from a word or picture (the prime) and is measured by its effect on the recognition
of a subsequent target bearing some relation to the prime", whereas Warrington and Shallice's use of the term
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(iv) Availability o f superordinate and attribute level information

Warrington and Shallice suggested that if stored semantic representations were damaged,
superordinate level information would be better preserved than attribute level information,
because the former would be more strongly represented. However, in an access deficit, if
superordinate level information about a particular item could be retrieved, attribute level
information would be no more difficult to access.

(v) Presentation rate

Warrington and McCarthy (1983) added to the original criteria the suggestion that patients
with access deficits (but not those with storage deficits) should show effects of the rate of
stimulus presentation.

These criteria have by no means been universally accepted. One problem for the fi'amework
is that patients have been described whose performance does not fit either pattern. For
example, patients PW (Howard 1985) and KE (Hillis, Rapp, Romani and Caramazza 1990)
showed a significant degree of consistency in their performance, but failed to demonstrate
any effects of word frequency. However, such anomalies do not necessarily constitute an
insurmountable problem for the distinction. For example, Shallice (1988b) has suggested
that it is possible that one or more of the criteria are incorrect, and were only incidentally
associated with one another in the original patients on whom the criteria were based.^ In
addition, he has argued that some patients may have "mixed access/degradation difficulties".

priming would appear to implicate a "voluntary, controlled procedure where the patient must actively employ
a verbal or pictorial cue (or pron^t) to facilitate the processing of a conceptually related item" (p.218). It would
^pear, therefore, that according to Warrington and Shallice's criteria, it would be semantic cuing that would be
lost in cases of impaired semantic storage.
^For example, Shalhce suggested that die support for some of these criteria that was drawn from the performance
of patient AR (Warrington and Shallice 1979) may be suspect. Patient AR was the first semantic access patient
whose disordCTwas analyzed in detail. He was considered to have a problem in accessing semantic information
from print. His reading performance was inconsistent across time, and showed little effect of word frequency,
but was improved by spoken prompts. In addition, his performance on probe questions was no better for
superordinate than attribute level questions. However, Shallice has suggested that it is possible that AR used a
partially damaged phonological route to support reading, which would in itself account for the lack of an effect
of word frequency and the lack of consistency across time.
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where both stored representations and access mechanisms are impaired (p. 286). Finally, he
has suggested that the apparently anomalous pattern of performance demonstrated by
patient PW may be explained by the fact that this patient's impairment was relatively mild.'*

A further criticism which has been made of these criteria is that the predicted effect of
damage to stored knowledge or access procedures would differ depending on the specific
assumptions made about the nature of stored representations and access mechanisms. In
other words, it has been suggested that the criteria cannot be apphed generally across
different theories, and must instead be considered within a specific theoretical framework
(Humphreys, Riddoch and Quinlan 1988; Rapp and Caramazza 1993; Forde and Humphreys
1995).

However, despite these criticisms, the basic idea has proved very usefiil in cognitive
neuropsychology as a means of categorizing the wide range of impairments that have been
observed at the semantic level. In fact, the criteria have been used to support various
theoretical standpoints even by detractors of the method (see, for example, Hillis et al. 1990;
Sheridan and Humphreys 1993). In addition, no other method of distinguishing between
access and storage deficits has been suggested. For these reasons, data collected on these
measures will occasionally be used here to help determine whether particular theories of
semantic processing are compatible with the available empirical evidence.

1.4 Modality-specific impairments of semantic memory

One of the major debates within the neuropsychological literature concerns the issue of
whether or not semantic memory is organized in some way by input modality. As described
above, a simple unitary semantics model states that stimuli from all input modalities have
equal access to a single semantic system. However, a number of empirical findings have cast
doubt on this view. Such findings include:^ Shallice has argued that this would mean that the loss of semantic attributes would be limited, even for low
fiequency items. The probability of a semantic error would then be determined by whether the target concept had
a close semantic neighbour. This would presumably be unrelated to word frequency. For patients with more
severe impairments, die loss of semantic attributes would be more extensive for low frequency items. However,
he concedes that this argument is not particularly convincing.
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(i) The existence of modality-specific aphasias;
(ii) Modality-specific priming in semantic access dyslexia;
(iii) Modality-specific aspects of semantic memory disorders and
(iv) The existence of semantic deficits that are both modality-specific and category-specific.

1.4.1 Modality-specific aphasias

"Modality-specific aphasia" is a term that has been used to describe a naming deficit which
is confined to one modality of input. For example, in optic aphasia (Lhermitte and Beauvois
1973; Gil et al. 1985; Coslett and Saflfran 1989; Manning and Campbell 1992), a patient may
demonstrate impaired naming of visually presented stimuli in the context of intact naming
of stimuli presented in other modalities. If this were the only dissociation of performance
demonstrated by such patients, the disorder would be easily explained by the simple unitary
semantics hypothesis, in terms of an impairment in modality-specific pre-semantic processes.
However, what is interesting about the modality-specific aphasias is that these patients seem
to be able to access semantic information about objects that are presented in the affected
modality. In other words, they are able to access the meaning of the objects that they cannot
name. For example, the optic aphasie JF (Lhermitte and Beauvois 1973) demonstrated a
naming impairment that was disproportionately severe for visual stimuli. He made 31%
errors when naming visually presented objects, as compared to 4% and 8% errors when
naming fi'om description and from touch respectively. However, when the patient was asked
to mime the way in which visually presented objects were used, his responses were 100%
accurate, suggesting that processes up to and including access to semantic information fi'om
vision were intact. An analogous pattern of performance was observed with the bilateral
tactile aphasie RG (Beauvois, Saillant, Meninger and Lhermitte 1978) who made 33% errors
when naming from touch, (as compared to only 3% from vision and 1% from non-verbal
sounds), but made only 11% errors when asked to demonstrate the use of objects from
tactile presentation. It is immediately apparent that this pattern of results presents a problem
for the simple unitary semantics hypothesis. According to this model, the pathways used by
visual and tactile naming do not diverge following access to the semantic system. This
means that any problem prior to the semantic system would be expected to produce
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impaired semantic knowledge of stimuli presented in the affected modality, while any
impairment within or beyond the semantic system would be expected to compromise naming
from all modalities to an equal extent.

1.4.2 Modality-specific priming in semantic access dyslexia

Patient AR (Warrington and Shallice 1979) demonstrated an impairment in naming items
from print and from pictures. However, his word reading was improved to a greater extent
by the prior presentation of an auditory prompt than a pictorial prompt. Again, this pattern
of performance poses a problem for the simple unitary semantics model, as within this
framework there would not appear to be any obvious reason why a prompt that is presented
in one modality should be more effective than one that is presented in another modality,
since both types of stimuli are considered to contact the same semantic system.

1.4.3 Modality-specific aspects of semantic memory deficits

A number of patients have been described who have a semantic deficit which appears to be
at the level of stored semantic representations (rather than access mechanisms), but which
is nevertheless disproportionately severe for stimuli presented in a particular input modality.
For example, patient EM (Warrington 1975; see also Coughlan and Warrington 1981)
displayed all of the characteristics which have been held to be indicative of a storage deficit,
(i.e. significant consistency of responses over time, strong frequency effects and greater
preservation of superordinate than attribute level information), but showed superior
identification of objects if they were presented visually rather than named aloud. More
recently, Chertkow and Bub (1990b) have described a group of patients with dementia of
the Alzheimer-type who were better at answering probe questions about objects presented
as pictures rather than words. It has been claimed that such observations cannot be
explained in terms of differences in task difficulty, as the converse pattern has also been
reported. Another of Warrington’s patients (AB) was better at giving definitions of spoken
words than pictures. Such findings are difficult to reconcile with the simple unitary
semantics hypothesis, according to which visual and verbal stimuli draw upon the same store
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of semantic knowledge, and therefore should be equally affected by any impairment to
stored semantic representations.

1.4.4 Interactions between modality and category

Perhaps most interesting are those patients whose deficit appears to be both modalityspecific and category-specific. Two such patients were JBR and SBY (Warrington and
Shallice 1984). These patients were impaired at accessing semantic information about hving
things, from both pictures and spoken words. However, Warrington and Shallice argued that
these patients' deficits were in fact modality-specific, as although their performance within
a modahty was consistent across time (suggesting that stored representations were affected),
their performance across modalities was less consistent.

A more marked interaction between input modahty and semantic category was observed in
patient TOB (McCarthy and Warrington 1988). This patient had much greater difficulty in
deriving semantic information from spoken words than from pictures. For example, when
he was asked to define the word "dolphin", he replied "A fish or a bird", but when he was
shown a picture of a dolphin, he responded "Dolphin lives in water ... they are trained to
jump up and come o u t... In America during the war years they started to get this particular
animal to go through to look into ships" (p. 429). In addition, he was much worse at
comprehending the spoken names of living rather than non-living things. When asked to
define "pig" he replied "Animal", whereas his definition of "lighthouse" was "Round the
coast, built up, tall building, lights revolve to warn ships". The interaction between input
modality and taxonomic category was very striking - for pictures he identified 98% of non
living things and 94% of living things correctly, whereas with auditory stimuli he was able
to give correct definitions of 89% of inanimate objects, but only 33% of living things.
McCarthy and Warrington suggested that the category-specificity of the deficit was
indicative of an impairment to stored semantic representations rather than access
mechanisms, as for category-specificity to occur, information must have already been
classified along a semantic dimension. In addition, they suggested that the view that stored
semantic representations were impaired was supported further by the fact that the patient's
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performance was highly consistent performance over time. If it is indeed the case that the
impairments demonstrated by patients such as these are the result of damage to stored
knowledge, then it is clear that their modality-specificity is incompatible with the simple
unitary semantics hypothesis. According to this model, all input modalities contact the same
semantic system, and so should be equally affected by damage to stored semantic
representations.

1.5 An alternative hypothesis: Multiple semantic systems

Attempts to formulate a theory of semantic processing which can accommodate such
findings have taken two quite distinct forms. The first approach has been to postulate that
there are in fact multiple, modality-specific semantic systems (e.g. Paivio 1971; Warrington
1975; Beauvois 1982; Shallice 1987; 1988a). Within such a model, modality-specific efifects
would not be anomalous. The second approach has been to retain the concept of a unitary
semantic store, and to attempt to explain modality-specific effects in terms of the nature of
access procedures to that store. Several theories of this type have been proposed (Riddoch
and Humphreys 1987a; Chertkow and Bub 1990b; Caramazza, Hillis, Rapp and Romani
1990).

Shallice (1987; 1988a) has argued that modality-specific effects in semantic processing are
most easily explained by positing that there are multiple semantic representation systems.
He suggests that there are separate semantic subsystems for each of the various modalities
of information - i.e. that there is a visual semantic system, a tactile semantic system, a verbal
semantic system and so on.^ Each of these subsystems is considered to be directly accessible
only fi'om modality-congruent input, though the subsystems may communicate with one
another. (The latter capability would be necessary in order for tasks such as word-picture
matching to be performed successfully.) In addition, within this fi*amework the name of an
object can only be accessed directly by the verbal subsystem. Shallice has used this model
^ It should be noted that proponents of the multiple semantics hypothesis generally consider reading
comprehension to involve access to the verbal semantic subsystem, despite the visual nature of the relevant
stimuh. "Visual” semantics should dierefore be understood to cover pictures and visually presented objects, while
"verbal" semantics should be understood to cover both spoken words and print.
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to account for each of the modality-specific effects that have challenged the simple unitary
semantics hypothesis.

Modality-specific aphasias may be explained by this model in terms of impaired access to
the verbal semantic subsystem from another modality-specific subsystem (such as visual
semantics). For example, if access to the verbal subsystem from the visual subsystem were
impaired, the patient would be expected to be able to access semantic information from
vision (as indexed by, perhaps, intact gesturing to visually presented stimuli), but picture
naming (which would have to proceed via the verbal semantic subsystem) would be
impaired. It can be seen that this pattern of performance corresponds to that observed in
cases of optic aphasia.

Modality-specific priming in semantic-access dyslexia (as observed in patient AR) may also
be accommodated by this model, in terms of a problem in accessing verbal semantics from
print and in transmitting information between the visual and verbal semantic subsystems.
The former deficit would contribute to AR's problems with reading, while the latter
impairment would reduce the effectiveness of visual prompts on word reading.

The observation that damage to stored semantic representations can result in
disproportionate difiBculty with stimuli presented in a particular input modality is not
problematic for this model, as the different semantic subsystems could suffer disparate levels
of impairment.

Finally, semantic impairments which are both modality-specific and category-specific may
be explained in terms of an impairment to knowledge about a particular taxonomic category
in one of the modality-specific semantic subsystems.

Initially, therefore, the multiple semantics model appears to provide a plausible account of
findings that are problematic for the simple unitary semantics hypothesis. However, the
model has been criticized on several grounds. First, it has been suggested that the empirical
foundations on which this theory has been built are unsound. Secondly, it has been
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suggested that the multiple semantics hypothesis as currently formulated lacks theoretical
coherence. Finally, it has been argued that the relevant empirical evidence that is secure is
not inconsistent with the notion that there is only a single semantic system. Each of these
issues will be examined in turn.

1.6 The validity of the empirical evidence advanced in favour of the multiple
semantics hypothesis

1.6.1 Modality-specific aphasias

The assertion that cases of modality-specific aphasia support the existence of multiple
semantic subsystems has been challenged by a number of authors. In particular, it has been
argued that studies of such patients have failed to provide unequivocal evidence that access
to semantic information in the affected modality was normal. If these patients do not have
normal access to semantic information in the affected modality, then their impairments can
be simply explained in terms of a problem in accessing an amodal semantic store from a
particular input modality.

Riddoch and Humphreys (1987b) have argued that asking a patient to mime the use of an
object (a test that is fi'equently used with such patients) is not an adequate test of semantic
access. First, they suggest that superior gesturing as compared to naming in a particular
modality may simply be the result of the greater ambiguity of gestural responses. For
example, an error of pen for pencil would be more difficult to detect fi'om mime than fi’om
naming. Secondly, they suggest that in the case of optic aphasia, appropriate gestures may
be produced even if semantic information about the target object cannot be accessed. This
is because the relationship between the appearance of an object and its use is not arbitrary.
The perceptual attributes of an object may therefore "afford" certain actions.

However, Riddoch, Humphreys, Coltheart and Funnell (1988) have accepted that such
factors cannot account for all cases of superior miming to naming. The first argument is
weakened by data from the bilateral tactile aphasie, RG. Some of the semantic errors that
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this patient produced in naming (e.g. slippers for glove) would also produce clear miming
errors. Nevertheless the patient produced only 1% errors when miming the use of objects.
The second argument ignores the fact that many objects afford a number of possible actions
in addition to the one which is actually correct. For example, although the objects "orange"
and "ball" are visually similar to one another, and so might be considered to "afford" similar
actions, they are actually associated with very different actions. Moreover, the optic aphasie
JB (Riddoch and Humphreys 1987b; Riddoch, Humphreys and Quinlan 1988) was able to
produce very specific gestures. For example, when gesturing to the items knife, fork and
spoon, he used the appropriate hand as well as the correct action. This level of specificity
could not be supported by simple affordances.

However, Riddoch et al. (1988) claim that the view that accurate miming cannot be taken
to be indicative of normal semantic access is supported by the fact that JB was impaired at
accessing associative and functional knowledge from vision, despite the fact that he could
produce accurate gestures to visually presented objects. In the former task, his performance
was not significantly better than his naming, suggesting that his deficit involved accessing
a single semantic system from vision. However, Shallice (1988b) has pointed out that JB
made many errors (25%) when indicating use, while other patients have been described
whose gesturing was perfect (see, for example, Gil et al. [1985]). Therefore, although JB
may indeed have had a deficit in accessing semantic mformatipn from vision, this is not
necessarily the case for all optic aphasies.

Hillis et al. (1990) take the view that dissociations between miming and naming performance
arise because the quantity and/or the quality of information that is required to perform non
verbal tasks is not equivalent to that needed for naming. They argue that tasks such as
miming, forced-choice matching and categorization may be performed successfully on the
basis of partial semantic information that is insufficient to support naming. For example, they
suggest that a task such as matching objects on the basis of associative relationships could
be performed by using general information about the objects' functions. They argue that if
the same subset of semantic information were used to support picture naming, semantic
errors would be produced, as the full range of information necessary to distinguish between
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the target concept and semantically similar items would be unavailable (see also Ratcliff and
Newcombe [1982] for a similar argument). In other words, these authors suggest that the
observed dissociation between miming and naming may be an artifact of task demands.

The fact that some optic aphasies demonstrate very good access to semantic knowledge in
the affected modality would, at first, appear to be difficult to reconcile with this view. For
example, patient AG's ability to answer semantic probe questions was not significantly
affected by input modality (Manning and Campbell 1992). However, even in this case, there
was some evidence that access to semantic knowledge fi'om vision was not completely
intact. It was observed that AG did have some difficulty with tasks that involved masked or
occluded visual stimuli. Manning and Campbell suggested that this patient's pattern of
performance could be explained in terms of a slight problem in accessing semantic
knowledge from vision, combined with a mild post-semantic naming impairment.

The evidence of modality-specific naming impairments in the context of intact semantic
access in the affected modality is therefore questionable. It has been demonstrated that optic
aphasies are able to carry out some tasks where intact performance could not be supported
by pre-semantic information alone, but there is also evidence suggesting that their access to
semantic knowledge from vision is not intact. In fact, Plaut and Shallice (1993) have
conceded that optic aphasies' visual recognition may be more impaired than was once
thought. If this is the case, then the modality-specific aphasias may be explicable in terms
of either a unitary or a multiple semantics hypothesis.

1.6.2 Modality-specific priming in semantic access dyslexia

It has also been suggested that the finding of modality-specific priming in semantic access
dyslexia is artifactual.

Riddoch et al. (1988) suggest that the modality-specific priming demonstrated by AR may
have been the result of impaired access to semantics from vision. If the patient had better
access to semantic information from auditory than from visual stimuli, then the greater
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priming from spoken words than pictures on word reading would be expected within either
a single or a multiple semantics framework. Shallice (1987) has claimed that AR had good
access to semantic information from vision, on the grounds that he was able to give general
functional descriptions of visually presented objects. However, AR scored outside the
normal range on a test probing knowledge about visually presented objects, which supports
the view that this patient had impaired access to semantic information from vision.

Warrington and Shallice claimed additional support for a multiple semantics hypothesis from
the observation that AR demonstrated modality-specific priming from auditory prompts. For
those items that the patient had failed to read or to name without a prompt, auditory priming
had a greater effect on reading than on object naming. After prompting, 37% of these items
were read correctly, as compared to only 9.3% that were named successfully. This was
interpreted as supporting the view that communication between visual and verbal semantic
subsystems was impaired. However, it is equally plausible that this pattern arose simply
because access to semantics from print was better than from vision in the first place. If
printed words brought semantic representations to higher levels of activation than pictures,
the additional activation provided by a spoken prompt would be more hkely to bring
activation to above-threshold levels when reading than when picture-naming. The set of
items which AR failed to read or to name without a prompt included 93% of the items that
he failed to read but only 74% of the items that he failed to name. This set may therefore
simply have consisted of the most difficult items. On items which he read successfully
without a prompt but failed to name without a prompt (which may therefore be considered
to be less difficult than those items for which he failed both tasks) 47.4% were named
successfully with a prompt. This suggests that it may not have been the case that priming
with a spoken word influenced a set of semantic representations that support reading more
than a set that support picture naming. Rather, it may be that amodal semantic
representations were primed, but these began at a lower level of activation when picture
naming than when reading. Unfortunately, it is difficult to compare AR's ability to access
semantic information from pictures and written words directly, as different tasks were used
to test semantic access in each of these modalities.
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Hillis et al. (1990) have presented an alternative interpretation of AR's performance. These
authors have suggested that the greater effect of spoken prompts than pictorial prompts on
AR's reading may be explained by the fact that the former were semantically related to the
target, whereas the latter depicted the actual referent of the written word. They argue that,
if both words and pictures were only able to access a subset of the semantic features of a
concept (and hence activated several output representations to an equal extent), spoken
prompts may have contributed additional semantic information, narrowing the range of
possible responses, while pictures may only have added redundant information, in that they
would have accessed the same set of information as the written word.

The uncertainty over whether AR had equivalent access to semantic information from
pictures and from spoken words, together with the fact that different prompts were used in
these different modalities undermines the argument that this patient showed modalityspecific priming. This case does not, therefore, constitute strong evidence against the simple
unitary semantics hypothesis.

1.6.3 Modality-specific aspects of semantic memory deficits

The view that evidence from patients EM and AB supports the multiple semantics model
has also been questioned.

Riddoch et al. (1988) suggest that EMs better performance on probe questions about
pictures rather than words may have resulted from the use of structural cues. In support of
this view they point out that the only question which could not be answered in this way ("Is
it English?") was answered more successfully from auditory presentation. They also suggest
that, if EMs performance were to be explained by the multiple semantics hypothesis, direct
links from visual semantics to the phonological output lexicon would need to be posited in
order to explain EMs relatively good picture identification.

However, the suggestion that superior semantic knowledge of pictures than words is
supported by structural information cannot account for the pattern of performance
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demonstrated by MP (Bub et al. 1988). This patient's visual knowledge was much less
impaired than her verbal knowledge, but this advantage could not be explained in terms of
the use of structural cues. For example, she was able to sort pictures of objects by colour.
However, once again it is also difficult to provide an adequate explanation of this patient's
performance in terms of a multiple semantics model because, as with EM, direct links from
visual semantics to output phonology would have to be posited in order to explain the
patient's ability to name pictures.

Riddoch et al. (1988) also propose a number of explanations for AB's performance which
do not make recourse to the view that there are modality-specific subsystems. One of their
suggestions is that pictures may be more difficult for semantically impaired patients than
words because they are open to several interpretations. However, this account is
unsatisfactory in the context of their explanation of EM's performance, as they do not
explain why pictures would produce worse performance than words for one patient and
better performance than words for another.

A second argument made by Riddoch et al. is that a low-level impairment may have
compromised AB's processing of pictures. There is some support for this view, in that AB
performed at the bottom of the normal range on some tests of visual-perceptual function.
They have also suggested that AB's problems may have resulted from an impairment at the
level of structural descriptions. However, both of these arguments are undermined by the
fact that the patient was able to match photographs of the same object taken from different
views.

Nevertheless, the view that AB had suffered a modality-specific impairment is strongly
challenged by the fact that, when his scores are summed over all attribute-level probe
questions, his performance with pictorial and verbal stimuli appears to be roughly equivalent
(his scores being 75/120 and 80/120 respectively).

The evidence from modality-specific impairments of semantic memory is therefore
somewhat equivocal. Patients have been described who demonstrate superior access to
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semantic information from pictures rather than words, and this advantage cannot always be
explained in terms of the use of pre-semantic cues. However, other aspects of the
performance of such patients are also problematic for the multiple semantics hypothesis. In
addition, evidence for the double dissociation (i.e. better access to semantic information
from words than pictures) is weak. Thus it remains possible that cases of superior retrieval
of semantic knowledge from pictures rather than words remain explicable in terms of
differences in task difficulty.

1.6.4 Interactions between modality and category

Riddoch et al. (1988) have challenged the claim that the impairments suffered by JBR and
SBY were modality-specific. These authors argue that giving information about pictures and
words may call upon different types of knowledge, and that this would be sufficient to
explain the patients' greater consistency within modalities than between modalities. They
suggest, for example, that defining pictures may call upon structural knowledge, while
defining words may require access to abstract functional information. They argue that this
would result in inconsistent performance across modalities, in spite of the fact that the same
semantic representation would be called upon in both cases.

However, although this possibility may be sufficient to account for the small cross-modality
differences observed in JBR and SBY, it seems unlikely that it could account for the more
marked interaction between stimulus modality and category demonstrated by TOB Cases
of patients with semantic deficits that are both modality-specific and category-specific
therefore remain some of the strongest evidence in favour of the multiple semantics
hypothesis.

1.7 The theoretical incoherence of the multiple semantics hypothesis

Although there has been a great deal of discussion about "multiple semantics" in the
neuropsychological literature, it remains unclear what exactly is meant by this term.
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A major shortcoming of the multiple semantics hypothesis is that no adequate definition of
labels such as "visual semantics" and "verbal semantics" has yet been given. As a result, it
is extremely difficult to determine whether or not the available evidence is consistent with
this theory Rapp, Hillis and Caramazza (1993) have argued that, at present, terms such as
"visual semantics" and "verbal semantics" are no more than mere labels for observed
dissociations of performance. The multiple semantics hypothesis may be interpreted in a
variety of ways, which will be outlined below. The focus will be on visual and verbal
semantic subsystems, as these systems have received the majority of attention in the
literature

1.7.1 The Input Account

One reading of the multiple semantics hypothesis is that there are multiple, self-contained
semantic subsystems, each of which is accessed by stimuli presented in a particular input
modality. The semantic representation of a concept in each of these systems would contain
all of the semantic information that comprises the meaning of that concept. Semantic
information would therefore be duplicated across several semantic systems. The
representation of "dog" in the visual semantic subsystem would include information about
its perceptual properties, function, associative relationships etc., and the same would be true
of the representation of this concept in the other semantic subsystems. Within this
formulation, the labels "visual semantics" and "verbal semantics" specify the modality from
which each of the subsystems is accessed. Comprehension of pictures involves access to the
visual semantic system, while comprehension of words involves access to the verbal
semantic system. Following Riddoch et al. (1988) this version of the multiple semantics
hypothesis will be referred to here as the input account.

Although the input account would appear to be consistent with one of Shallice's descriptions
of the multiple semantics hypothesis (Shallice 1987), he has since rejected this interpretation
of the theory as a "straw man" (Shallice 1988a; see also Shallice 1993). As this version of
the multiple semantics hypothesis has not been articulated in detail elsewhere, it will not be
considered any fijrther here.
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Another possible interpretation of the multiple semantics hypothesis is that modality-specific
semantic subsystems are distinguished primarily by the nature of the information that they
contain. Thus the semantic system may be divided into a set of modality-specific subsystems,
each of which contain only part of the semantic description of a particular concept. Three
different versions of this interpretation have been presented by Caramazza et al. (1990).

1.7.2 The Modality-Specific Content Hypothesis

One possible interpretation of the multiple semantics hypothesis is that the various
subsystems are distinguished fi'om one another in terms of the content of the semantic
information that they store. For example, a visual semantic system would contain knowledge
about the visual properties of objects and visual associations between objects, while a verbal
semantic system would contain information that is conveyed linguistically. Caramazza et al.
(1990) refer to this interpretation as the modality-specific content hypothesis. Within this
hypothesis it is assumed that information is represented in a modality-neutral format.

1.7.3 The Modality-Specific Format Hypothesis

A second possible interpretation is that the information that is stored in the visual and verbal
semantic subsystems is differentiated not only in terms of its content but also in terms of the
format in which it is represented. For example, information in the visual semantic system
could be stored in an imagistic format, while information in the verbal semantic system could
be stored in a propositional format. Caramazza et al. (1990) refer to this interpretation as
the modality-specific form at hypothesis. However, none of the evidence that has been put
forward in support of the multiple semantics hypothesis requires that any assumptions are
made about the format in which information is represented. Furthermore, Shallice (1993)
has explicitly rejected the format account. For these reasons, this version of the multiple
semantics hypothesis will not be considered any further here.
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1.7.4 The Modality-Specific Context Hypothesis

Another possible interpretation of the multiple semantics hypothesis is that information in
the visual semantic subsystem consists of knowledge that has been acquired in a visual
context, while information in the verbal semantic system consists of knowledge acquired in
a linguistic context. Thus, for example, visual information such as the fact that footballs are
round might well be stored in the verbal system if this knowledge has been acquired in a
linguistic context. Caramazza et al. (1990) refer to this interpretation as the modalityspecific context hypothesis. One problem with this version of the hypothesis is that it leaves
entirely open the question of whether there would be extensive duplication of information
across semantic subsystems. Caramazza et al. appear to take the view that the modality in
which a particular piece of information was first acquired would be the relevant factor, but
it would be equally possible to argue that information could be stored in both the visual and
verbal systems if that information had been encountered in the context of both modalities.
A second problem with this version of the hypothesis is that, as Caramazza et al. point out,
it would, in practice, be impossible to determine what information a particular individual had
acquired in a visual context and what information they had acquired in a verbal context. This
version of the hypothesis does not, therefore, appear to be empirically testable.

Within each of these interpretations of the multiple semantics hypothesis the assumption
remains that there are bi-directional links between the visual and verbal semantic
subsystems. The last three versions also assume that stimuli presented in a particular
modality always access information in the modality-congruent semantic subsystem first, and
that access to the phonological output lexicon and the orthographic output lexicon is always
mediated by the verbal semantic subsystem.

It is by no means clear which of these four interpretations is supported by advocates of the
multiple semantics hypothesis. Different authors appear to support slightly different forms
of the theory.

A number of authors appear to support the Modality-Specific Content hypothesis. For
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example, Silveri and Gainotti (1988) attributed their patient's greater ability to name animals
from descriptions stressing functional or metaphorical characteristics rather than visual
characteristics to a greater preservation of verbal semantics than visual semantics. In other
words, these authors take the view that the visual and verbal semantic systems contain visual
and functional information respectively. Hart and Gordon (1992) also take the view that the
visual and verbal semantic subsystems are distinguished from one another in terms of their
content, stating, for example, that "knowledge of ... [functional] properties resides only in
the language-based system" (p. 63).

By contrast, there is some evidence that McCarthy and Warrington favour the ModalitySpecific Context hypothesis. These authors have suggested that processes involved in the
acquisition of language play an important part in the development of visual and verbal
semantic subsystems (McCarthy and Warrington 1988). Caramazza et al. (1990) have
interpreted McCarthy and Warrington's account in this way, but it should be noted that
Riddoch et al. (1988) have suggested that this model corresponds to the Input account.

As noted above, Shallice has explicitly rejected both the input account and the modalityspecific format hypothesis as interpretations of the multiple semantics model (Shallice 1993).
However, while some aspects of his characterisation of the model appear to correspond to
the modality-specific content hypothesis, others appear to be more similar to the modalityspecific context hypothesis. For example, he has stated that "If... a question such as "is it
larger or smaller than a cat" together with, say, a picture of a wolf can be used to test for
the visual knowledge of wolf (Warrington 1975) then this implies that at least the visual
representation of the more familiar item cat can be accessed not only from visual input but
also from auditory-verbal input via a verbal semantic system" (1988a, p. 137; my italics).
This statement implies that for visual information to be accessed from verbal stimuli, the
visual semantic subsystem must be accessed, and that this system must be accessed via the
verbal semantic subsystem. This means that each subsystem contains different types of
semantic information, as stated by the modality-specific content hypothesis. However, he
also suggests that some (but not all) types of information may be stored in more than one
system. He considers, as an example, where knowledge about the habitat of a hedgehog
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might be stored. He suggests that in the verbal system <hedgehog> may be associated with
<Engiand>, whereas in the visual system the representation of this animal may be associated
with the type of scene in wiiich it is typically observed. It is not clear from this example why
some types of information may be stored in more than one system - whether this is because
some information may have been acquired in more than one context, or because
representations which differ slightly in content may be tapped to answer the same question.

More recently, Shallice (1988b; 1993) has suggested that the semantic system may be
considered in terms of a large distributed net with regions that are specialized for particular
processes. Such processes would include the representation of the sensory and functional
properties of objects, relevant action routines and so on. This specialization would come
about because of the different pattern of connections with systems outside the semantic
store that would be required by each process. Most significant for the multiple semantics
hypothesis is that pre-semantic recognition systems would have stronger and more direct
links with some regions of the semantic net than others. Shallice (1993) suggests that the
original distinction between visual and verbal semantic subsystems provides a rough
approximation to this view if it is posited that there are two clusters of semantic processes
that occur predominantly with visual and verbal input. However, this version of the
hypothesis still fails to address the fundamental problem of what information "visual" and
"verbal" semantic subsystems would contain.

In fact, Shallice (1993) has suggested that asking such questions as whether visual semantics
is best described in terms of visual content or context of acquisition is "both indeterminate
and irrelevant", on the grounds that it is extremely difficult to decide which of these
characterisations would best fit any particular piece of semantic knowledge. However, while
it is certainly the case that it is difficult to classify some pieces of knowledge in terms of
these categories, it is no more difficult than attempting to decide whether there is empirical
evidence to support the hypothesis that there are functionally separable semantic subsystems
if the contents of these systems are left unspecified.

An additional problem is that, in producing variants of the multiple semantics hypothesis.
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some authors have failed to specify which of the basic assumptions of the hypothesis they
wish to retain (for example, whether they wish to preserve the assumption that direct access
to each modality-specific semantic subsystem is only possible fi’om modality-congruent
input). Because of this ambiguity, it is possible to account for different sets of data using
slightly different versions of the hypothesis, whilst making it extremely difficult to identify
any ensuing theoretical inconsistencies. Consequently, it is difficult to determine whether the
multiple semantics hypothesis can, in fact, account for the full range of semantic deficits that
have been observed.

Overall, therefore, it would appear that the charge that the multiple semantics hypothesis
lacks theoretical coherence is, to some extent, justified. However, in order to test the
hypothesis empirically, it is necessary to formulate a concrete characterization of the model.
As stated above, Shallice has explicitly rejected the Input account and the Modality-Specific
Format hypothesis as interpretations of the model. This leaves the Modality-Specific
Content hypothesis and the Modality-Specific Context hypothesis.

Within Shallice's later model, the most accurate description of the information that is
subsumed under the title of "visual semantics" would appear to be that information which
is most fi’equently accessed fi’om visual input. Various types of information would differ in
terms of the frequency with which they would be accessed from visual and verbal input.
However, it would seem reasonable to assume that there would be a rough correspondence
between the modality of the stored information and the input modality from which it would
be most commonly accessed. In other words, visual attributes would be more strongly
associated with visual rather than verbal input, while the opposite would be the case for
more abstract properties. This is not to say that the correspondence would be perfect. For
example, visual properties that are used in common phrases, such as "As big as an elephant"
might be represented in an area with strong links to verbal input. However, the general
notion that the visual and verbal semantic subsystems contain, for the most part, modalitycongruent information would provide a usefiil heuristic for determining the contents of these
systems.
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The Modality-Specific Content hypothesis will therefore be taken here to represent what is
meant by the multiple semantics hypothesis.^ Although this means that little weight is being
given to the fact that the multiple semantics hypothesis has sometimes been described in a
way which incorporates characteristics of the Modality-Specific Context hypothesis, there
are a number of reasons for adopting this approach. First, as argued above, it is not clear
how the Modality-Specific Context hypothesis could be tested empirically. Second, there
is a good deal of overlap between the Modality-Specific Content hypothesis and the
Modality-Specific Context hypothesis in terms of the predictions that they make Avith regard
to where different types of information will be stored. For example, information about the
visual properties of objects would usually be acquired in a visual context, and hence both
hypotheses would predict that such information would be stored in the visual semantic
subsystem. Finally, the most important point about the Modality-Specific Content hypothesis
is that it captures the notion that différent input modalities have privileged access to different
types of semantic information, which is one of the strongest predictions of the multiple
semantics hypothesis.

1.8 Unitary Semantics Models

1.8.1 The Cascade model of unitary semantics

An alternative view is that the evidence which has been advanced in favour of modalityspecific semantic subsystems may be interpreted in terms of a model which distinguishes
between an amodal semantic system and modality-specific, pre-semantic perceptual
recognition systems. One such model is the Cascade model of Riddoch and Humphreys and
their colleagues (Riddoch and Humphreys 1987a; 1987b; Riddoch, Humphreys, Coltheart
and Funnell 1988; Humphreys, Riddoch and Quinlan 1988; Humphreys and Riddoch 1988;
Sheridan and Humphreys 1993; Vitkovitch, Humphreys and Lloyd-Jones 1993; Humphreys,
Lamote and Lloyd-Jones 1995). Within this model, the set of pre-semantic recognition
systems includes a structural description system, which contains some specification of the

^Where 6 e predictions of this version of 6 e multiple semantics hypo6esis differ markedly from 6ose of o6er
versions of 6 e 6eoiy, this will be indicated.
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visual forms of objects. Functional and associative knowledge are stored in the amodal
semantic system, and this system has bi-directional connections with each of the perceptual
recognition systems. In addition, it has been suggested that there are direct links between
the structural description system and stored action routines.

Riddoch and Humphreys (1987b) have proposed that information transmission within this
system operates "in cascade". That is, information may be transmitted continuously between
processing stages following the initial activation of any particular level of representation.
Different processing stages may therefore be initiated in parallel, before processing at earlier
stages has been completed. This is in contrast to a system in which information transmission
operates in discrete stages, with information being passed on to later stages of processing
only when earher stages have been completed. An important characteristic of a discrete
stage model is that the effects of a given variable will be confined to the level of
representation on which it acts directly. For example, the structural distinctiveness of stimuli
might influence access to the structural description system, but would not influence access
to the phonological output lexicon. By contrast, in a system operating in cascade, the effect
of a variable which affects a particular level of representation directly may also be passed
onto subsequent levels.

Within this model, optic aphasia is interpreted as being the result of an impairment to the
procedures mapping structural descriptions onto representations in the amodal semantic
system. The direct links between structural descriptions and action routines would allow
appropriate gestures to be made to visually presented objects. For some patients, the
impairment may be unidirectional. For example, patient JF (Lhermitte and Beauvois 1973)
could draw objects from memory, suggesting that access to structural descriptions from the
semantic system was intact. In other cases the deficit may be bidirectional - patient JB
(Riddoch and Humphreys 1988b) experienced great difficulty in drawing from memory. In
order to explain intact gesturing from tactile input by tactile aphasies such as RG (Beauvois
et al. 1978), it must be assumed that a pre-semantic perceptual recognition system for tactile
input also has direct links with stored action routines.
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As noted previously these authors give little weight to certain other reports of modalityspecific effects. For example, they have questioned the assertion that the semantic access
dyslexic AR demonstrated modality-specific priming, and have suggested instead that this
patient simply had some early perceptual deficit that compromised both word naming and
object recognition. In addition, they have argued that cases of superior retrieval of semantic
knowledge from pictures rather than words may be the result of patients using structural
cues or information stored in structural descriptions. Furthermore, they have asserted that
there is little evidence of the reverse dissociation.

The arguments put forward by Riddoch and Humphreys and their colleagues are very
important, as they emphasize the possibility that modality effects may be caused by the use
of pre-semantic cues, or by pre-semantic impairments. However, several aspects of the data
that has been advanced in favour of the multiple semantics hypothesis remain problematic
for the Cascade model. For example, this model does not seem to be able to account for
some aspects of the performance of optic aphasies, such as the fact that CB (Coslett and
Saffran 1989) was able to group visually presented objects on the basis of categorical,
functional or associative relationships. Performance on these tasks could not be supported
by the use of action routines - for example, two of the functionally related items - zip and
button - involve very different actions. Similarly, patient AG (Manning and Campbell 1992)
was able to sort pictures into categories, and to match pictures on the basis of associative
relationships.

In addition, it is difficult to account for those cases of superior retrieval of semantic
information from pictures rather than words where the picture superiority is not explicable
in terms of the use of structural descriptions (e.g. Bub et al. 1988). Furthermore, it must be
assumed that cases of the reverse dissociation are caused by visual-perceptual impairments.

Finally, it is not clear how this model can account for deficits of semantic memory that are
both modality-specific and category-specific. Humphreys, Lamote and Lloyd-Jones (1995)
have argued that TOB's inability to retrieve semantic information about living things from
their names may be explained in terms of a problem in accessing structural descriptions from
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the amodal semantic system. However, the fact that TOB's performance was very consistent
across time would appear to be problematic for this type of explanation. In addition, it is not
clear that an analogous account of certain other interactions between modality and category,
such as the selective deficit for visually presented non-living things demonstrated by DRS
(McCarthy and Warrington 1994) may be given.

The Cascade model does not, therefore, appear to be able to provide a complete explanation
for all of the evidence that has been advanced in support of the multiple semantics
hypothesis. Although this model remains an equally viable alternative to the multiple
semantics hypothesis, it has probably not surpassed it in terms of being able to account for
the relevant data.

A final point to note is that Riddoch and Humphreys's view that all visual-perceptual
information is stored at the level of structural descriptions is somewhat controversial. A
number of major theories of visual processing incorporate the idea of structural descriptions,
in terms of abstract representations of object surfaces (Marr 1982), but it is not clear that
this level of representation may be accessed consciously in order to answer probe questions.
Other authors have suggested that semantic information about the visual attributes of
objects is stored separately from structural descriptions, within semantic memory itself (e.g.
Caramazza et al. 1990; Chertkow et al. 1992; Warrington and Shallice 1^84).

1.8.2 The Identification Procedures theory

A further theory has been suggested as an explanation for modality-specific effects that
again rejects the notion that semantic knowledge is differentiated into verbal and non-verbal
stores. Within this model, a distinction is made between an amodal associative semantic
system and specialized schemata which allow the categorisation and identification of visually
presented objects (Bub, Black, Hampson and Kertesz 1988; Chertkow and Bub 1990a;
1990b; Chertkow, Bub and Caplan 1992). This model stems from the work of Miller and
Johnson-Laird (1976) who pointed out that, while words are precise inputs to the semantic
system, and so may access concepts directly, pictures need a semantic identification routine
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in order for the concept being represented to be fully specified. This is because, although
object concepts include both perceptual and abstract features, objects themselves are purely
physical entities. Miller and Johnson-Laird argued that is impossible to define concepts in
terms of physical attributes alone, as exemplars can always be found which do not possess
any of the defining features. This means that there must be a system for mapping purely
physical descriptions onto semantic memory, using information about the perceptual
attributes that instantiate abstract ones. For this reason. Smith and Medin (1981) made a
distinction between the core of a concept, which represents relationships with other
concepts, and the identification procedure - a subset of perceptual and semantic information
which allows the identification of a visual stimulus as an example of a particular concept.
Both of these types of representation are considered to be accessed subsequent to a presemantic structural description.

Chertkow et al. (1992)

have adopted this framework, and have suggested that "only

those semantic features (largely perceptual but at times functional) crucial to the
identification of the item would exist in identification semantics" (p. 360). In addition, they
have argued that, by their very nature, identification procedures are "preferentially
accessible" to pictures rather than words. By contrast, they consider the associative
conceptual framework to be amodal. They have also argued that the information stored in
identification procedures and the information represented in the amodal store are
functionally dissociable from one another.

Chertkow and his colleagues (Chertkow and Bub 1990b; Chertkow, Bub and Caplan 1992)
studied a group of patients with dementia of the Alzheimer-type who, it was claimed, had
sustained damage to stored semantic representations. It was observed that these patients
were better at answering probe questions about pictures rather than words. Chertkow et al.
argued that this pattern of performance may be explained if it is assumed that identification
procedures are more resistant to the effects of brain damage than core concepts, and that
their contents may be used to answer certain probe questions about pictorial stimuli.

On further examination, it was found that picture superiority only occurred on items to
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which the patients had responded correctly in an animal decision task. This task requires the
subject to discriminate between pictures of real and nonsense animals. These authors
rejected the view that intact performance on this task may be supported by structural
descriptions alone (as argued by Riddoch and Humphreys 1987a), suggesting instead that
correct responses "require identification of the pictured item as a specified concept, and
ability to distinguish valid from invalid members of a semantic category" (Chertkow et al.
1992; pp. 344-345). Hence they maintained that the animal decision task was a valid test of
the intactness of identification procedures. The item-specific association between preserved
object decision and picture superiority was therefore interpreted as evidence in favour of the
view that both are supported by identification procedures.

It would seem, therefore, that this model is able to account for the fact that some patients
with semantic deficits demonstrate superior retrieval of semantic knowledge from pictures
rather than words. The model may also be invoked in order to account for some of the other
phenomena that are problematic for the simple unitary semantics hypothesis (although these
implications of the model are not considered by its authors). For example, it might be
suggested that intact gesturing by optic aphasies is supported by information stored in
identification procedures. In addition, modality-specific priming in semantic access dyslexia
could be accounted for in terms of a disconnection of identification procedures fi’om the
amodal associative network. This would result in some semantic information being available
fi’om pictures but little effect of priming with visual stimuli on verbal tasks. Such accounts
are, of course, speculative. The authors do not address these disorders in their theory,
because they consider the evidence of such phenomena to be insubstantial.

However, a major shortcoming of the theory is that, while it states that words have direct
access to the associative semantic knowledge stored in the amodal network, it does not state
how words retrieve the type of knowledge that pictures retrieve from identification
procedures. There would appear to be three possibilities:-

(i) Words access all types of information directly from the amodal store. However, this
would not explain why the Alzheimer's patients were better at answering perceptual rather
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than associative questions about words as well as pictures (there was no interaction between
stimulus modality and question type).

(ii) Words retrieve this type of information from identification procedures. This appears to
be the position held by Chertkow et al., as they assert that "Theoretically, patients should
be found who have access to abstract, associative, "dictionary-style" information from
words, but retain no knowledge of perceptual or "identification semantics" knowledge for
words or pictures" (Chertkow et al. 1992, p. 360). In addition, they state that "Pictures may
activate a specific set of attributes for their identification, but such activation would occur
within a representational system common to all sensoryforms o f a concept” (Chertkow and
Bub 1990b, p. 240; my italics).

Hillis et al. (1995) have argued that, if words have direct access to identification procedures,
then it is difficult to explain why Alzheimer's patients had superior access to semantic
information from pictures than words. However, Chertkow and Bub have argued that words
have weaker access to identification procedures than pictures, which is sufficient to explain
the picture superiority effect.

(iii) Words retrieve this type of information from identification procedures, but can only
access identification procedures indirectly, via the amodal network. This would mean that
if the amodal store were damaged, access to all types of semantic information from words
would be compromised. Hillis et al. (1995) have argued that, although this model would
explain the general picture superiority effect, it would not explain why access to perceptual
information was more accurate than access to associative information for words as well as
pictures. They have argued that if words accessed identification procedures via the amodal
system, access to perceptual information from words would be expected to be at least as bad
as access to associative information.

Overall it would appear that, according to this model, a number of different patterns of
performance could be produced by an impairment at the semantic level. The precise pattern
of performance that emerged would depend on whether the impairment involved the
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identification procedures, the associative network, or processes mediating information
transmission between the two. However, Chertkow et al. have acknowledged that their
theory is a preliminary sketch, and that formal details, such as whether different parts of the
semantic system are accessed in series or in parallel, remain to be worked out.
Unfortunately, it is not possible to make precise empirical predictions from the model until
there are more specific guidelines as to the type of information that is stored in identification
procedures and the amodal network, and how stimuli from different input modalities access
each system.

1.8.3 The Organised Unitary Content Hypothesis (OUCH)

Caramazza, Hillis, Rapp and Romani (1990; see also Hillis et al. 1990; Hillis and Caramazza
1991; Rapp et al. 1993; Hillis et al. 1995) support the view that the evidence advanced in
favour of the multiple semantics hypothesis is equally compatible with a unitary semantics
model. They argue that, although evidence of modality-specific effects in semantically
impaired patients suggests that some input modality has privileged access to at least part of
the semantic representation, this does not necessarily imply that semantic memory is
organized into modality-specific subsystems. Hence they have presented an alternative
theory of semantic processing - the Organised Unitary Content Hypothesis (OUCH) according to which all input modalities have direct access to a single semantic system. This
semantic system consists of a set of semantic predicates that represent the perceptual,
functional and relational properties of concepts. It is argued that brain damage may
selectively affect only some of these predicates.

Within this framework, it is assumed that pictures have privileged access to some semantic
information. This is because pictures, unlike words, bear a non-arbitrary relationship to their
meanings. Some aspects of the meaning of an object are dependent on properties that are
perceptually salient. Thus it may be that not only can the whole structural description of an
object access its semantic representation, but that perceptually salient features may also
access their own semantic representations. Thus some individual semantic features of an
object may be accessed directly by corresponding perceptual attributes of that object.
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Caramazza et al. refer to this as the principle of "privileged accessibility".

Caramazza et al. suggest that the semantic representations of features that are common to
a number of different objects might be expected to be relatively resistant to the effects of
brain damage as a result of their simplicity or their frequency of use. Thus, if a semantic
system of this kind were damaged such that semantic representations could not be accessed
as wholes, some semantic information could be accessed from salient perceptual features if
the stimulus was a picture rather than a word. In this way, privileged access to semantic
representations (limited to perceptual predicates) from visual stimuli may be accommodated
within a unitary semantics framework. Thus this theory is able to account for observations
of superior access to semantic information from pictures rather than words by neurological
patients.

Caramazza et al. argue that their model can also account for the pattern of performance
shown by optic aphasies. They argue that this disorder is the result of a deficit in accessing
full semantic representations from structural descriptions. Hillis, Rapp, Romani and
Caramazza (1990) argue that this could occur either if the patient was unable to compute
3D (object-centred) structural descriptions, or if the patient was unable to interpret 3D
descriptions as wholes. In both cases, individual perceptual features might remain capable
of accessing their own semantic representations, and these representations could go on to
activate features specifying appropriate action patterns. This information, combined with any
available superordinate-level information about the object might be sufficient to support a
mime of the object's use, but remain inadequate to support naming.

In order to account for the fact that optic aphasies appear to have superior knowledge of
the function of visually presented objects relative to other types of semantic information,
Caramazza et al. suggest that the connections between the features that make up the
meaning of a concept are of unequal strength. They call this the principle of "privileged
relationships". The motivation for this assumption is that the relationship between certain
properties of an object is not arbitrary. For example, they argue that there are a priori
reasons for suggesting that the semantic features that represent the structural properties of
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an object are more strongly linked to those that specify its function than to those that
represent other properties, such as category membership. This is because the actions that
are made with an object are, to some extent, determined by its structure. The strongest links
would presumably be the most resistant to brain damage, thus producing relatively preserved
knowledge of the function of visually presented objects.

In addition, in order to explain the fact that some optic aphasies are able to perform tasks
that require functional or associative information, Hillis et al. (1990) argue that the range
of information available to a particular patient will depend on the precise locus of their
impairment. For example, they suggest that the fact that Coslett and Saffran's patient (CB)
did not produce the semantic co-ordinate errors in naming (e.g. "table" for chair) that are
typical of most optic aphasies supports the view that different information is available to
different patients.

Finally, Rapp et al. (1993) have argued that OUCH is able to account for the pattern of
performance demonstrated by TOB. They have suggested that this patient may have
sustained damage to knowledge about living things in an amodal semantic system, with his
performance with pictorial stimuli being enhanced by information accessed from individual
perceptual features.

Overall, this model appears to be able to account for a number of findings that are
problematic for the simple unitary semantics hypothesis. For example, it provides a plausible
explanation of the superior retrieval of semantic information fi’om pictures rather than words
demonstrated by Alzheimer's patients, and some of the dissociations of performance
demonstrated by optic aphasies. However, there are a number of findings which remain
problematic for OUCH. For example, it would appear that all cases of superior retrieval of
semantic information from words rather than pictures must be explained in terms of lowlevel perceptual impairments. Furthermore, it is difficult to provide an adequate account of
the very specific gestural responses demonstrated by some optic aphasies in terms of this
model. It does not seem plausible that IB s ability to use the correct hand when miming the
use of eating utensils could be supported by a combination of superordinate semantic
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knowledge and knowledge accessed from perceptually salient features. In addition, as
Shallice (1993) has pointed out, the proposition that different types of information are
available to different optic aphasie patients makes the OUCH account rather vague. Finally,
the model does not appear to provide an adequate account of semantic deficits that are both
modality-specific and category-specific. For example, it is not clear how the performance
of patient PHD (McCarthy and Warrington 1994), who demonstrated a selective deficit for
visually presented living things could be explained in terms of this framework.

A broader criticism of OUCH is that, in later descriptions of the model, the range of
information that is considered to be accessible from perceptual features has been extended
to such a degree that the model is in danger of being rendered untestable. Hillis et al. (1990)
have argued that the perceptual predicates activated by the visual features of an object may
activate a number of related semantic predicates. For example, they suggest that white
points on a picture of a tiger could activate the semantic representation <teeth>, which
might in turn be associated with acceptable sizes and colours for an animal, and even with
the semantic category <animal>. However, if the theory is expanded so as to allow
privileged access from pictures to semantic information beyond simple perceptual
predicates, it is difficult to see what kind of empirical evidence could refute the theory.

A further point to note is. that Shallice (1993) has argued that if, in a symmetrical version
of OUCH, connectionist units were used to represent semantic features and different
weights to represent connections of unequal strength between units, this account would be
very similar to the multiple semantics hypothesis when the latter is expressed in terms of a
distributed net. However, Rapp et al. have argued that OUCH is fundamentally different
from such a framework. First they point out that although, according to OUCH, the links
between features within a semantic representation may differ in strength, the pattern of
relationships between features need not necessarily be determined by modality. As an
example they suggest that the tactile feature <sharp> for a thorn may be more closely related
to the visual feature <pointed> than to another tactile feature such as <smooth>. In other
words, links between inter-modality features may be stronger than those between intramodahty features. Secondly, they point out that it has not been proposed that certain
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modalities are more "strongly” linked to parts of the semantic store. The reason why some
semantic information may be accessed jfrom pictures when the same information is
inaccessible from words is that individual perceptual features of an object may be
interpreted. It is not the case that pictures have a "stronger link" to the semantic
representations of perceptual features than do words. Hence they argue that the asymmetry
of the OUCH model is not just an arbitrary choice, but a necessary consequence of the way
in which privileged access from pictures is thought to arise. To assert that words have
privileged access to abstract information (i.e. a symmetrical version of OUCH) would be
completely arbitrary. It would appear, therefore, that an attempt at a reconciliation between
these unitary and multiple semantics models is premature.

Although OUCH provides a plausible account of some modality effects, it is not able to
explain all of the data that has been advanced in support of the multiple semantics
hypothesis. In addition, some extensions of the theory have made it rather vague. However,
it should be noted that the theory incorporates some useful ideas with respect to the type
of performance that might be supported by only partial semantic information.

1.9 Conclusions on organization by input modality

At present, it seems that the evidence from modality-specific deficits cannot provide any
definitive answer as to the extent to which semantic memory is organized by input modality,
and hence cannot discriminate between unitary and multiple semantics models. Some
evidence of modality-specific effects - such as modality-specific priming in semantic access
dyslexia - appears to have been convincingly discredited. Other evidence, such as reports
o f intact access to semantic memory from vision by optic aphasies, has been shown to be
weaker than was once thought. Furthermore, it has been shown that a reasonable account
of certain modality-specific effects (such as privileged access to semantic information from
visual input) may be given in the context of a unitary semantics framework. However, this
is not to say that all of the evidence in favour of modality-specific semantic subsystems has
been refuted. For example, semantic deficits that are both modality-specific and categoryspecific are very difficult to explain within a unitary semantics framework.
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An additional problem when comparing unitary and multiple semantics models is that the
empirical predictions of some of these models are rather vague. This is particularly true of
the multiple semantics hypothesis, which has been interpreted in a variety of ways by a
number of different authors. As a consequence, it is extremely difiBcult to assess the extent
to which each of the theories is able to account for the relevant data.

Instead of considering each model's statements on the issue of organization by input
modality in isolation, it might be more useful to consider their statements on organization
by information type, taxonomic category and output task at the same time. It might then be
possible to assess whether each model can incorporate each of these issues in a theoretically
coherent manner, and the extent to which each model can account for the data that is
relevant to each of these issues simultaneously.

These other potential organizing principles of semantic memory will only be addressed
briefly here. Each model's statements with regard to each issue will be outlined, in order to
clarify the relationship between organizing principles within each model. However, the
arguments on which these hypotheses are based, and the extent to which they can account
for the relevant data will not be covered here. The issues of organization by information type
and taxonomic category will be discussed in much more detail in Chapter 6 (which examines
category-specific deficits of semantic memory), while the issue of organization by output
task will be addressed in Chapter 5.

1.10 Organization by taxonomic category

It has been observed that deficits of semantic memory may be category-specific. The most
common pattern is for the broad category of living things to be more severely impaired than
non-living things (see, for example, Warrington and Shallice 1984), but the reverse pattern
has also been reported (Warrington and McCarthy 1983; 1987). The most simple way of
explaining such category-specific effects would be to postulate that semantic memory is
organized by category. However, a number of alternative accounts have been put forward.
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Warrington and Shallice (1984) have argued that category-specific deficits do not
necessarily indicate that taxonomic category is an organizing principle of semantic memory,
as they may be an emergent property of a system that is organized along another dimension.
They suggest that dissociations between knowledge of living and non-living things may be
explained by making a distinction between the sensory and functional properties of objects.
They argue that living things are defined primarily in terms of sensory attributes, while
functional attributes are more important for inanimate objects. Hence deficits for living
things could result fi’om damage to information about sensory attributes, while deficits for
non-living things could be caused by damage to knowledge about functional attributes.
Category-specific deficits are therefore seen as an emergent property of a system that is
organized by information type.

In his description of the multiple semantics hypothesis in terms of a distributed network,
Shallice (1988b; 1993) has argued that category-specific effects may result fi'om damage to
sub-regions of the specialized processing regions of the net. He has argued that a particular
concept would be represented by a pattern of activation over the group of units that are
associated with the input-output pathway that is typically used for the identification and use
of that object. Units critical for the representation of a related group of concepts would
come to form semi-modules, as such concepts would require similar input-output pathways.
An impairment to such a specialized sub-region would result in a category-specific semantic
deficit.

Sheridan and Humphreys (1993) have suggested that category-specific impairments may
arise from damage to a number of different levels of the Cascade model. They argue that the
specific categories affected will depend on the factors that determine the similarity of
concepts to one another at the level of representation that has been damaged. For example,
because similarity at the level of structural descriptions is defined in terms of structural
similarity, a deficit at this level might affect categories whose members are visually similar
to one another (such as living things). However, in order to account for the double
dissociation between knowledge of living and non-hving things that has been observed in
patients with impairments at the level o f stored semantic representations themselves.

53

Sacchett and Humphreys (1992) have argued that semantic memory may, to some extent,
be organized along categorical lines. They argue that this may occur because categories vary
in their associations with different modalities, because categories differ with respect to the
type of information that is crucial for the identification of their members, or because
different categories require different visual processing routines. They suggest that categoryspecific problems could then be caused by damage to specific associations, damage to stored
perceptual or functional information or damage to particular visual processing routines. For
example, they suggest that a selective deficit for artifacts could be caused by a failure to
retrieve functional knowledge. Similarly, Sheridan and Humphreys have argued that "there
may be direct links between memory deficits for particular object properties (such as colour)
and recognition impairments for particular categories of object (such as food, and to a lesser
extent animals)"(1993, p. 171). Hence it would appear that, according to the Cascade
model, some category-specific effects are an emergent property of organization by
information type.

Within OUCH, category-specific deficits are thought to be the result of damage to a number
of related semantic predicates which are particularly important in the semantic
representations of members of a particular category (Hillis et al. 1990). For example,
damage to the features <tail>, <wild> and <hairy> would disproportionately affect the
category of animals.

Finally, Chertkow and his colleagues have not addressed the causes of category-specific
deficits within their Identification Procedures theory.

1.11 Organization by information type

According to the simple unitary semantics hypothesis, all types of information are stored
together in the same conceptual store. However, within some models of semantic memory,
information type is considered to be an important organizing factor.

For example, according to the Modality-Specific Content hypothesis, visual information is
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stored in the visual semantic subsystem, while more abstract information is stored in the
verbal semantic subsystem. By contrast, McCarthy and Warrington (1988) have suggested
that sensory and functional information may be represented separately within visual and
verbal semantic subsystems. As described above, within Shallice's (1988b; 1993)
characterization of the multiple semantics hypothesis in terms of a distributed net, different
regions of the net are specialized for different types of process. These processes would
include the representation of the sensory and functional features of objects.

According to the Cascade model, information about the visual form of objects is represented
in the structural description system, while functional and associative information is stored
in an amodal semantic system (see, for example, Riddoch and Humphreys 1987a; 1987b;
Humphreys et al. 1988).^ However, the way in which Sacchett and Humphreys (1992) and
Sheridan and Humphreys (1993) account for category-specific impairments which arise fi’om
damage to stored semantic representations implies that there may be some degree of
organization by information type (e.g. into sensory and functional features) within the
amodal semantic store.*

Within OUCH, related semantic predicates may be stored together, but it has been explicitly
asserted that the grouping of these semantic features is not reducible to a distinction
between sensory and functional properties (Caramazza, Hillis, Leek and Miozzo 1994).

Finally, Chertkow et al. have argued that the perceptual and functional information
necessary for the categorization of visual stimuli as examples of particular concepts is stored
within identification procedures, while abstract associative information is stored in the
amodal conceptual fi'amework.

Riddoch et al. (1988) have argued that the semantic system may also contain information about certain
categorized visual properties of objects, e.g. "John is tall and thin".
^Sheridan and Humphreys raise die possibihty that information about visual properties may be duplicated within
the semantic system.
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1.12 Organization by type of output task

These models make very few theoretical claims with regard to output task as a potential
organizing principle of semantic memory. Riddoch et al. (1988) and Hillis et al. (1990) have
argued that the same semantic system is used to perform all types of task. Shallice (1988b;
1993) has argued that the output modality in which responses must be produced is one of
the factors determining which region of the semantic net will be used to perform a particular
task, but has not elaborated on this point. Chertkow and his colleagues have not addressed
this issue within their model of semantic processing.

1.13 The relationship between organization by input modality, information type and
categoiy

It can be seen that a number of proposals have been made with regard to the organizing
principles of semantic memory. Various authors have suggested that our knowledge is
organized by input modality, type of information or taxonomic category. However, where
more than one of these organizing principles have been incorporated into models of semantic
processing, the relationship between the principles has not always been made clear. In this
section, an attempt will be made to summarize the way in which these principles are
proposed to relate to one another within the various models of semantic memory. However,
it should be noted that in some cases the necessary information has not been supplied.

First, there are those models which propose that there is only a single semantic memory
system. Such models include the Cascade model, the Identification Procedures theory and
OUCH.

According to the Cascade model, the same semantic system is accessed regardless of input
modality. Information about the visual form of objects is represented within structural
descriptions, while functional/associative semantic information is contained in the amodal
semantic store. Category-specific deficits can arise from impairments at a number of
different levels of the Cascade system. However, it is argued that when category-specific
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deficits are the result of damage to stored semantic representations, the specific categories
affected will be determined by the type of information impaired. Hence there may be a
degree of organization by information type (e.g. into sensory and functional knowledge)
within the unitary semantic system.

Within the Identification Procedures theory, input modality is an important factor in that
pictures are considered to have privileged access to a subset of semantic information (i.e.
that which is contained in identification procedures). Information type is also, to some
extent, a relevant factor, in that the information which is necessary for the identification of
visual instances of concepts is stored in identification procedures, while other types of
information are stored in the amodal system. The authors of this theory do not consider how
category-specific deficits may be accounted for by this hypothesis.

According to OUCH, pictorial stimuli have privileged access to certain semantic predicates
in a unitary semantic system, because individual perceptual features of objects may be
semantically interpreted. Hence input modality does have some influence, but semantic
memory itself is not organized in terms of this factor. Category-specific deficits are
suggested to be the result of damage to related semantic predicates within the unitary
semantic system. However, these predicates are not reducible to a functional/sensory
distinction, and correspond quite closely to the boundaries of taxonomic categories.

The relationship between the various organizing principles in multiple semantics models is
less clear. For example, the relationship between organization by input modality and
organization by information type has been understood in a number of different ways by
different authors. The formulations proposed by the main exponents of this hypothesis will
be discussed here.

McCarthy and Warrington (1988) have argued that visual and verbal stimuli initially access
functionally separable semantic subsystems, and that within each o f these modality-specific
subsystems living and non-living things are represented independently (perhaps in terms of
sensory and functional attributes respectively). This interpretation of their model is
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supported by their statement that "the differential salience of information from different
sensory and motor channels in the acquisition of knowledge is at the basis of the categorical
organization of meaning" and that "this basic categorical organization of meaning provides
a blueprint, which is to some extent duplicated in functionally independent modality-specific
meaning systems" (pp. 429-430).

As argued above, Shallice's (1988a) description of the multiple semantics hypothesis
corresponds in many ways to the Modality-Specific Content hypothesis. Within the latter
hypothesis, both input modality and information type are important factors. Information type
is relevant in that the visual and verbal semantic subsystems are thought to contain visual
and non-visual information respectively, while input modality is relevant because each of
these modality-specific systems is considered to be directly accessible only from modalitycongruent input. Warrington and Shallice (1984) have argued that category-specific
disorders may be an emergent property of a system that is organized by information type
(sensory or functional). However, within a simple version of the Modality-Specific Content
hypothesis, the distinction between sensory and functional information appears to be
synonymous with that between the visual and verbal semantic subsystems.

Within Shallice's later description of the multiple semantics hypothesis in terms of a
distributed network (1988b; 1993), regions of the net are considered to be specialized for
difierent types of process (including the representation of sensory and functional features).
Shallice had argued that different input modalities could have stronger and more direct links
with some of these processes than others. In addition, he has suggested that categoryspecific deficits could arise from damage to sub-regions of the specialized processing areas.
However, he has not stated whether organization by input modality or organization by type
of process would be primary.

1.14 Conclusions

As concluded in section 1.9, the empirical evidence that is relevant to the issue of
organization by input modality does not, at present, appear to favour one theory of semantic
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processing over another. However, it may be productive to consider other possible
organizing principles simultaneously.

It appears that, where more than one of these principles have been incorporated into models
of semantic processing, this has generally been done in a way that is theoretically coherent.
However, it should be noted that there is some difficulty in determining the relationship
between these factors within the multiple semantics hypothesis. This is partly because this
hypothesis has been characterized in différent ways by different authors, but the relationship
between the factors has not always been stated even within a single characterization of the
hypothesis. For example, in his description of the multiple semantics hypothesis in terms of
a distributed net, Shallice (1988b; 1993) does not state which (if any) organizing principle
would be primary.

As noted above, in addition to being theoretically coherent, each model must be able to
account for the empirical evidence that is relevant to each of these potential organizing
principles simultaneously. The data that is relevant to the issues of organization by semantic
category and information type will therefore be discussed in more detail in Chapter 6, while
organization by output task will be addressed in Chapter 5. This evidence will then be used
to assess each of the models of semantic processing described above.

The main predictions of each theory will be summarized in Chapter 2, which also includes
an outline of this thesis.
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Chapter 2

Theories

2.1 Thesis overview

This thesis is concerned with the organization of semantic memory. As described in Chapter
1, potential organizing principles of semantic memory include: -

(i)

organization by input modality

(ii)

organization by information type (e.g. into sensory and functional properties)

(iii)

organization by taxonomic category

(iv)

organization by output task.

Different theories of semantic processing account for the data relevant to each of these
issues in different ways, and often appear to be quite successful in doing so. However, this
thesis will examine whether any current theory of semantic processing is able to account for
the data relevant to each of these issues simultaneously and in a manner which is
theoretically coherent. It is possible that a model which incorporates characteristics of
various different theories will have greater success in accounting for the data.

Two main methodological approaches will be taken. The first will be to examine the
performance on various semantic tasks of neurological patients who have sustained damage
to stored semantic representations. The second will be to examine the time taken by normal
subjects to make various semantic decisions about concepts presented in different input
modalities.

The issue of organization by input modality will be addressed in Chapter 3. This chapter
includes a study of 10 dementia patients, some of whom appear to have sustained damage
to stored semantic representations. The study examines whether superior access to semantic
knowledge from pictures rather than words is a necessary consequence of damage to stored
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semantic representations, as predicted by some theories of semantic processing. Secondary
aims in this chapter will be to examine whether these patients show disproportionate levels
of impairment for different types of information or different taxonomic categories, and
whether any effects of this kind are influenced by the input modality in which stimuli are
presented.

The relationship between organization by input modality and organization by information
type will be examined in Chapter 4. This chapter contains two reaction-time studies of
normal subjects. The first experiment examines whether the effect of input modality on the
time taken to make semantic decisions about objects will be modified by the type of
information that is sought - that is, whether different input modalities have privileged access
to different types of semantic information. This question is addressed by comparing the time
taken by subjects to make decisions about the visual and non-visual properties of objects
when these objects are presented as pictures and as words. A second reaction-time
experiment examines whether the relationship between the effects of input modality and the
type of information sought is modified by the style of stimulus presentation (viz. whether
single or paired stimuli are used).

Chapter 5 explores the question of whether the effect of input modality is modified by the
type of task to be performed (or, more specifically, by whether the task to be performed
involves a comparison process). This chapter contains one reaction-time study of normal
subjects, which exapiines the effect of the type of task to be performed when the style of
stimulus presentation and the type of information sought are held constant.

In Chapter 6, the question of whether category-specific deficits of semantic memory can be
explained in terms of disproportionate damage to particular types of information (e.g.
knowledge about the sensory or fimctional attributes of objects) is explored. If this
hypothesis were found to provide an adequate characterization of the performance of
patients with category-specific deficits, this would provide support for those theories of
semantic processing which state that semantic memory is organized by information type.
Theories of this kind would be able to account for category-specific impairments without
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having to posit an additional organizing principle (i.e. organization by taxonomic category
itself) solely in order to explain this type of deficit. This hypothesis is tested by comparing
the information that a patient with a category-specific deficit for living things (JBR) gave
about the sensory and functional properties of living and non-living things to the
performance of a computational model of semantic memory (Farah and McClelland 1992)
which was designed to enable the simulation of category-specific deficits in a system which
only distinguishes between different modalities of information.

Thus this thesis begins with an examination of the issue which led some authors to reject the
view that there is only a single, unitary semantic system and to suggest instead that there are
multiple, modality-specific semantic subsystems - namely, the issue of organization by input
modality. The relationship between input modality and two other possible organizing
principles of semantic memory - information type and output task - is then explored. Finally,
the possibility that category-specific deficits are an emergent property of a system that is
organized by information type is investigated.

2.2 Predictions of each theory

Given that there are a number of different theories of semantic processing in the area of
cognitive neuropsychology, and given that their predictions with regard to at least four
difierent issues will examined in this thesis, a considerable amount of information will need
to be assimilated. It may, therefore, be useful to draw together what each model states with
regard to each of the main theoretical issues. In particular, it may be useful to consider the
predictions that each theory makes about the specific types of situation that will be examined
in this thesis. The statements of each model with regard to the following points will be of
particular importance:-

(i)

The effect of damage to central semantic representations on access to
semantic information from different input modalities.

(ii)

The effect of damage to central semantic representations on access to
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various types of semantic information (e.g. sensory versus functional
information) from different input modalities.

(iii)

The effect of information type on the time taken by normal subjects to make
semantic decisions about stimuli presented in different input modalities.

(iv)

The effect of output task on the time taken by normal subjects to make
semantic decisions about stimuh presented in different input modalities.

(v)

Whether the performance of a patient with a category-specific deficit for
living things will be characterized by attribute-specificity. That is, whether
such a patient will demonstrate poor sensory knowledge relative to
functional knowledge, regardless of taxonomic category, or whether they
will demonstrate poor knowledge of living things relative to non-living
things, regardless of the type of information assessed.

The predictions of each theory with regard to each of these situations will be summarized
below (see also Table 2.1).

2.3 Predictions of the simple unitary semantics hypothesis

(i)

The same semantic system is accessed regardless of the modality in which
stimuli are presented. Damage at the level of stored semantic representations
will therefore affect stimuli presented in all input modalities to a similar
extent. Any effects of input modality must be attributed to pre-semantic
processing impairments.

(ii)

The semantic system is not organized by information type. Damage to stored
semantic representations will therefore affect all types of semantic
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information to a similar extent.^ In addition, as there are no privileged
relationships between particular input modalities and particular types of
semantic information, no interaction between the effects of input modality
and information type is expected.

(iii)

Any modality effects observed in reaction-time studies of normal subjects
must be explained in terms of differences in pre-semantic processing. Any
effects of information type will be limited to simple effects of question
difficulty. Hence there will be no interaction between the effects of input
modality and information type.

(iv)

The same semantic system is accessed regardless of the task to be
completed. Any effects of output task will therefore be limited to simple
effects of task difficulty. No interaction between the effects of input modality
and output task is expected.

(v)

An unmodified version of the simple unitaiy semantics hypothesis states that
category-specific deficits of semantic memory must be artifactual. However,
it could be argued that semantic memory is organized by taxonomic
category, whilst preserving all of the other characteristics of the simple
unitary semantics hypothesis. As category-specific deficits would then be
considered to be the result of the organization of semantic memory by
taxonomic category itself, these deficits would not be expected to be
characterized by attribute specificity.

1 Of course, it could be argued that certain types of semantic information are more susceptible to the effects of
brain damage than others. However, any effect of information type arising in this manner would be considered
to be a resource artifact, and no double dissociation between the types of information that were impaired and
preserved for different patients would be expected.
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2.4 Predictions of the Cascade model of unitary semantics (Riddoch and Humphreys
et al.)

(i)

All stimuli contact the same semantic system. Damage to stored semantic
representations wiU therefore affect stimuli presented in all input modalities
to an equal extent. However, it is possible that pictures will have a slight
advantage over words as a result of their being able to access information
about the visual attributes of objects from structural descriptions.

(ii)

As stated above, damage to stored semantic representations may spare some
information about the visual features of objects that is stored in the
structural description system. Pictures may therefore have better access to
this type of information than words. Access to associative semantic
knowledge will be similar for both types of stimuli.

(iii)

Normal subjects may be able to access the information that is stored in
structural descriptions more quickly from pictures than from words, and
associative information more quickly from words than from pictures. This
is because pictures access the amodal semantic system via structural
descriptions, whereas words access structural descriptions via the amodal
network.

(iv)

The same semantic system is used to perform all tasks. No interaction
between the effects of input modality and output task is expected.

(v)

Category-specific deficits may be caused by an impairment to knowledge
about particular properties of objects, e.g. knowledge about function
(Sacchett and Humphreys 1992; Sheridan and Humphreys 1993). Categoryspecific deficits will therefore be characterized by attribute specificity.
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2.5 Predictions of the Identification Procedures theory (Chertkow et al.)

(i)

The consequence of damage to stored semantic representations will be better
access to semantic knowledge from pictures rather than words if information
stored in the amodal conceptual network is impaired. However, there will
be better access to semantic knowledge from words rather than pictures if
information stored in identification procedures is impaired.

(ii)

Damage to the amodal semantic store will produce picture superiority only
for information stored in the identification procedures. This consists mainly
of perceptual information, but also includes some functional information.
The effect of the type of information sought on the accessibility of semantic
knowledge from verbal stimuli depends on whether words have direct access
to identification procedures, or access this system only indirectly, via the
amodal semantic store. Unfortunately, the theory is not clear on this point.

Damage to identification procedures will produce better access to semantic
information from words, but this word superiority will be limited to
associative information.

(iii)

Information stored in identification procedures will be accessed more quickly
from pictures than from words. In addition, it would appear that pictures
would access information stored in identification procedures more quickly
than information stored in the amodal network. However, once again, the
effect of information type on reaction-times to words depends on whether
words have direct access to identification procedures or whether they must
access identification procedures via the amodal semantic system. As before,
the authors are not clear on this point.

(iv)

The issue of output task is not addressed by this theory.
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(v)

The issue of category-specific deficits of semantic memory is not addressed
by this theory.

2.6 Predictions of OUCH (Caramazza et al.)

(i)

Pictures have privileged access to semantic information as a result of the fact
that the perceptually salient features of objects may access their own
semantic representations even when the semantic representation for the
whole object is inaccessible. Damage to stored semantic representations may
therefore result in superior access to semantic knowledge fi-om pictures than
words.

(ii)

Where one exists, this pictorial advantage will not be limited to the
perceptual properties of objects, as the links between the semantic features
that make up the conceptual representation of an object will allow certain
non-perceptual information to be accessed when the stimulus is a picture
rather than a word (via the semantic representations of perceptually salient
features). There will only be an effect of the type of information probed on
the amount of knowledge available from pictures if one question may be
answered on the basis of information derived fi'om perceptual features and
the other may not. No efifect of information type on the amount of
knowledge available fi’om words is expected.

(iii)

The characteristics of the semantic representations of individual perceptual
features that Caramazza et al. have argued are responsible for their greater
resistance to the effects of brain damage than the representations of whole
concepts (e.g. their greater fi-equency of use) also suggest that normal
subjects will be able to access the semantic representations of these features
more quickly than the semantic representations of whole concepts. Normal
subjects will therefore be faster at making semantic decisions about pictures
rather than words if the required information is accessible from the
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perceptually salient features of the visual stimuli.

(iv)

The same semantic system is used to perform all object-centred tasks. The
type of output task will not interact with the effects of input modality unless
one task may be performed on the basis of information gleaned from
perceptual features and the other may not.

(v)

Category-specific deficits arise from damage to related semantic predicates.
These predicates are not reducible to a sensory/functional distinction, and
instead correspond quite closely to the boundaries of taxonomic categories.
Category-specific deficits will not, therefore, be characterized by attributespecificity.

2.7 Predictions of the multiple semantics hypothesis (as characterized by the
Modality-Specific Content hypothesis)

(i)

Damage to stored semantic representations may cause a modality-specific
semantic impairment if one of the modality-specific semantic subsystems
sustains a disproportionate amount of damage. However, if both the visual
and verbal semantic subsystems suffer comparable degrees of impairment,
performance will be roughly equal with visual and verbal stimuli. In this
case, the consistency of performance within a modality will be greater than
consistency of performance across modalities.

(ii)

Damage to stored semantic representations in both the visual and verbal
semantic subsystems will cause an interaction between the effects of input
modality and information type such that pictures have better access to visual
information and words have better access to verbal information. An
impairment to the visual semantic system will produce a selective
preservation of access to functional semantic knowledge from words while
an impairment to the verbal semantic system will produce a selective
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preservation of access to visual semantic knowledge from pictures.

(iii)

The reaction times of normal subjects should demonstrate an interaction
between the effects of input modality and information type such that pictures
have a relative advantage for visual semantic information and words have a
relative advantage for functional semantic information.

(iv)

This theory does not address the issue of output task.

(v)

A number of proponents of the multiple semantics hypothesis (e.g.
Warrington and Shallice 1984) have suggested that category-specific deficits
are an emergent property of a system that is organized by information type.
Such deficits would therefore be expected to be characterized by attributespecificity.

Of course, these predictions do not apply to all permutations of the multiple semantics
hypothesis. However, the Modality-Specific Content hypothesis was chosen to represent this
theory for the reasons outlined in Chapter 1.

The studies that follow are designed to investigate whether any of these theories is able to
account for data relevant to four main topics of interest - namely, whether semantic memory
is organized by input modahty, information type, taxonomic category and/or output task.
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Table 2.1 Predictions of each theory
Subject Population

'- j

o

Patients with Damage to Stored Semantic Representation i Normal Subjects (Response-Latency)

Patient with a CategorySpecific Impairment

Effect of Input Modality*

Interaction between Input
Modality and Information
Type*

Interaction Between Input
Modahty and Information
Type

Interaction Between Input
Modality and Output Task

Category-specific or
attribute-specific?

Simple unitary semantics
hypothesis

No effect

No interaction

No interaction

No interaction

Category-specific

Cascade model of unitary
semantics

Little effect
(Picture superiority only
for structural attributes)

Potential Interaction
(arising from picture
superiority on structural
attributes)

Potential Interaction

No interaction

Attribute-specific (if
arising from damage to
stored semantic
representations)

Identification Procedures
theory

Picture superiority

Unclear

Unclear

Not addressed

Not addressed

OUCH

Picture superiority

No interaction*’

No interaction*’

No interaction*’

Category-specific

Modalit\-Specific Content
hypothesis

Depends which system(s)
damaged

Interaction

Interaction

Not addressed

Attribute-specific

®Assuming no impairment to pre-semantic processing systems, e.g. structural descriptions.
^ Unless one question may be answered on the basis of information derived from perceptual features and the other may not.
" Unless one task may be performed on the basis of information derived from perceptual features and the other may not.

Chapter 3

Semantic Memory in Dementia

3.1 Overview

It was noted in Chapter 1 that modality-specific deficits of semantic memory are problematic
for the simple unitary semantics hypothesis. This is because deficits of this type suggest that
semantic memory is organized, to some extent, by input modality.

In recent years, Howard Chertkow and his colleagues have investigated the issue of
organization by input modality through a number of studies of patients with dementia of the
Alzheimer type (DAT) (Chertkow, Bub and Seidenberg 1989; Chertkow and Bub 1990a,
1990b; Chertkow, Bub and Caplan 1992). These authors have found the performance of this
subject population to be characterized by superior retrieval of semantic knowledge fi’om
visual rather than verbal input. In addition, they have argued that the semantic deficits of
their patients were the result of damage to stored semantic representations rather than
semantic access mechanisms. They have claimed that this pattern of performance favours
their Identification Procedures theory, according to which pictures have privileged access
to a subset of semantic knowledge.

The present chapter describes a study of the semantic knowledge of a group of patients with
dementia. The study was carried out in order to investigate whether superior performance
with visual rather than verbal input is a necessary consequence of damage at the level of
stored semantic representations.

3.2 Semantic memory in DAT

Patients with DAT form a relevant clinical group for the study of the structure of semantic
memory, as a number of authors have reported that this disorder is clearly associated with
a semantic processing deficit (Appel, Kertesz and Fisman 1982; Bayles 1982; Bayles and
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Kaszniak 1987; Chertkow and Bub 1990b; Chertkow, Bub and Caplan 1992). Various
characteristics of the disorder, such as anomia, poor generation of word lists (Rosen 1980)
and unusual patterns of word association (Gewirth, Shindler and Hier 1984) have been cited
as evidence of the involvement of the semantic system. However, the nature of this semantic
deficit is not clear. Some authors have reported evidence that suggests that stored semantic
representations themselves are impaired. For example, a number of studies have reported
a clear item-to-item correspondence between loss of comprehension and anomia (Huff,
Corkin and Growdon 1986; Chertkow and Bub 1990b), and it has also been observed that
superordinate-level knowledge is better preserved than knowledge about more detailed
attributes of concepts (Martin and Fedio 1983; Schwartz, Marin and Saffran 1979;
Chertkow and Bub 1990b; Chertkow, Bub and Caplan 1992). Other observations, however,
such as preserved semantic associative priming suggest that it is access mechanisms which
are impaired, whilst the semantic store itself remains intact (Nebes, Martin and Horn 1984;
Nebes, Boiler and Holland 1986).

3.3 Modality effects in DAT

Chertkow and his colleagues have carried out a number of studies of a group of 10 mildly
impaired DAT patients, whose pattern of performance suggests a deficit at the level of
semantic memory. In addition, Chertkow et al. (1992) have claimed that several aspects of
their performance fit the criteria proposed by Warrington and Shallice (1979) and Shallice
(1987; 1988b) for an actual loss of semantic representations, rather than a problem of access
to intact representations. The patients showed preserved superordinate-level knowledge
over more detailed knowledge, fi*equency effects on picture naming, loss of semantic cuing
effects and consistency of performance over time and over tests.

The patients' semantic knowledge was tested using the probe question technique originally
used by Warrington (1975). Patients were asked a number of forced-choice questions about
concepts that were presented as both pictures and words. These questions addressed both
perceptual and associative knowledge.
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The results showed that the patients made fewer errors on probe questions about pictures
rather than words, and fewer errors on perceptual rather than associative questions
(although they were impaired on both types of question). There was no interaction between
stimulus modality and question type, indicating that the picture superiority effect was not
restricted to perceptual questions. Also, biological categories appeared to be more severely
impaired than non-biological categories.

3.4 Picture superiority in DAT and models of semantic memory

The observation of disproportionate semantic impairment in one modality over another is
problematic for the simple unitary semantics hypothesis. If semantic descriptions that are
common to all input modalities are damaged, this should place equal constraints on the
comprehension of pictures and words.

Chertkow et al. (1992) interpreted their patients' pattern of performance within their
Identification Procedures theory. They argued that the patients demonstrated a deterioration
of core conceptual knowledge in the context of preserved identification procedures. When
the target stimulus was a picture, they would be able to answer questions about the
perceptual and associative attributes of that concept that formed part of its identification
procedure. However, as identification procedures are designed for the classification of visual
instances of concepts, and the comprehension of words may depend more heavily on
semantic knowledge stored within the (impaired) core concept, performance would be
expected to be better with pictures rather than words.

Within the Modality-Specific Content hypothesis, superior performance with pictures rather
than words following damage to stored semantic representations could be explained in terms
of a selective impairment of the verbal semantic system. Performance with visual stimuli
would then be supported by information stored in the visual semantic system. Within the
Cascade model of unitary semantics, superior performance with pictures could be explained
in terms of an impairment to the amodal semantic store, as it is possible that information
stored in the structural description system would, to some extent, support performance with
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visual stimuli. However, within both of these accounts, the observed picture superiority
effect would be expected to be limited to visual-perceptual information. The fact that
Chertkow et al. did not observe any interaction between the effects of stimulus modality and
question type is therefore problematic for these accounts.

Within OUCH, superior performance with pictures rather than words would appear to be
a natural consequence of damage to stored semantic representations. This is because,
according to this theory, salient perceptual features of an object may access their own
semantic representations, even if the semantic representation for the object as a whole
cannot be accessed. This would mean that more semantic information would be retrieved
when the stimulus was a picture rather than a word.

Chertkow et al. claimed that the way in which picture superiority effects are accounted for
within OUCH implies that picture superiority should only be present for visual-perceptual
information. They suggested that the fact that the picture superiority efifect demonstrated
by their patients was not limited to perceptual questions was therefore problematic for this
model. However, Hillis, Rapp and Caramazza (1995) have argued that this is not the case.
They have suggested that the observation of a picture superiority efifect for both perceptual
and associative questions may be interpreted in terms of the joint operation of two of the
original assumptions of OUCH - namely the assumption of privileged access and the
assumption of privileged relationships. As described in Chapter 1, the assumption of
privileged access states that, when the stimulus is a picture, individual perceptual features
of the target object may access their own semantic representations directly, while the
assumption of privileged relationships states that the bonds between semantic features are
of unequal strength. Access to the semantic features representing the structural attributes
of an object will therefore facilitate the retrieval of certain non-perceptual information about
that object. This means that it should be easier to answer both perceptual and certain nonperceptual questions about a concept when the concept is presented as a picture rather than
a word.

Chertkow et al. also suggested that, according to OUCH, picture superiority should be
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found primarily for categories whose members have a large number of perceptually salient
parts. They argued that the theory was therefore undermined by the fact that they did not
observe any relationship between picture superiority and the number of identifiable parts of
stimulus items. However, their assumption that OUCH predicts a linear relationship between
the number of parts an object has and the total amount of knowledge that may be retrieved
about it is misguided. It is possible, for example, that some object parts are more informative
than others. A related factor is that much of the semantic information provided by
perceptual features that often appear together (such as eyes, ears, mouth and nose) may be
redundant (Hillis, Rapp and Caramazza 1995). In addition, various factors (such as
familiarity) may cause parts to vary in their susceptibility to impairment.

Finally, Chertkow et al. argued that the hypothesis that superior performance with pictures
was supported by knowledge stored in identification procedures was strengthened by the
observation of an association between patients' performance on an object decision task and
the presence or absence of a picture superiority effect. They proposed that the object
decision task (which involves discriminating between real and nonsense objects) requires the
identification of each item as an instance of a specific concept. They argued that this means
that the task demands higher-level processing, beyond the level of a structural description,
and that the task is therefore a valid measure of the intactness of identification procedures.
They found that when their patients were tested on an object decision task involving real and
nonsense animals, three different patterns of results emerged. A sub-set of the patients were
able to complete the test satisfactorily, i.e. they could identify real animals and reject nonanimals. A second set of patients performed at chance. A third set of patients were able to
identify only a subset of the animals consistently. When the performance of the patients on
the semantic probe questions was analyzed in terms of group membership, it was found that
patients who performed well on the object decision task showed better performance on
probe questions when the concepts were presented as pictures rather than words. No such
picture superiority effect was found for those patients who performed at chance on object
decision. For the last group, there was a picture superiority effect only for the subset of
items which they were able to identify correctly in object decision. Chertkow et al. argued
that this correspondence between intact performance on object decision and picture
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superiority suggested that superior retrieval of semantic knowledge from pictures was only
demonstrated when the identification procedure for an object was intact. They argued that
this observation was incompatible with the view that picture superiority is caused by
individual perceptual features activating their own semantic representations, and suggested
instead that picture superiority only occurs when there is preserved access from a whole
object to a subset of semantic information.

However, the observed correspondence between performance on object decision and picture
superiority would be predicted by any model of semantic processing in which pictures must
access structural descriptions before they can access semantic knowledge. If a picture of an
object failed to activate an appropriate structural description (as indicated by a failure on
object decision), then the processing of that picture would be unable to proceed to the
semantic system. By contrast, words would have direct access to semantic knowledge.^ In
a similar vein, Hillis et al. (1995) have argued that the association between performance on
object decision and picture superiority is not problematic for OUCH because "the semantic
interpretation of perceptual features is only possible when a structural description is
successfully computed" (p. 183).^

Overall, therefore, the superior retrieval of semantic information from pictures rather than
words following damage to stored semantic representations would appear to be equally
compatible with the Identification Procedures theory and OUCH.

3.5 Methodological criticisms of the Chertkow and Bub study

The Chertkow and Bub (1990b) study may be criticized on a number of methodological

^In fact, a more interesting question, which Chertkow et al. fail to address, is why patients were not worse with
pictorial rather than verbal stimuli for items on which they had failed object decision.
^ However, it should be noted that although this statement accounts for the association between performance on
object decision and picture superiority, it is incompatible with one of Hillis et al.'s (1990) explanations of optic
aphasia. Hillis et al. (1990) suggested that optic aphasia may arise if a patient is unable to compute a 3D sketch
of visual input, but remains capable of interpreting individual perceptual features. Hence it can be seen that Hillis
and his colleagues are inconsistent in their arguments about whether it is necessary for a structural description
to be accessed before perceptual features may be interpreted.

76

grounds. Firstly, the type of probe questions used may have contributed to the observed
picture superiority eflfect. Although the authors claim that "We... took pains to avoid testing
physical attributes that were obviously visible in the picture" (p.214), it is apparent from a
number of the example questions that they give that some questions could easily be
answered solely on the basis of information visible in the pictures. Such questions included.-

[Camel] "Does it have a hump or horns?"
[Zebra] "Does it have stripes or spots?"
[Snake] "Does it have legs or no legs?"
[Elephant] "Does it have tusks or horns?"

The pictures that accompanied these questions are shown in Figure 3 .1, to illustrate the ease
with which the relevant information could be extracted from them. Also, for the associative
questions, such as object function, it is unclear whether the distractor responses were
designed such that they were functions that the object could reasonably be said to "afford".
For example, for the item "saw", patients were asked "Do you cut things with it or lift with
it?", despite the fact that a saw affords the action of cutting to a far greater extent than that
to which it affords the action of lifting.

In addition, the modality of stimulus presentation was confounded with the testing session.
Pictures were always tested in the first session and words in the second. As the testing
sessions must have been reasonably long (there were 130 items, with 7 questions being
asked about each), this raises the possibility that patients may have started to lose
motivation by the second session, and so responses to word stimuli may have suffered as a
result.
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Figure 3.1; Pictures used by Chertkow and
colleagues (taken from Snodgrass and Vanderwart
1980).
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Another of Chertkow and Bub's observations was that their patients appeared to be much
more impaired on questions about items from biological categories than items from nonbiological categories. However, the influence of factors such as word frequency, concept
familiarity, visual complexity and age of acquisition were not taken into account. As these
factors are thought to influence the ease with which semantic memory is accessed
(Snodgrass and Vanderwart 1980), it is important that their effects are considered when
category effects are being examined. Items from biological categories typically have names
of lower frequency, and are less familiar and more visually complex than items from nonbiological categories. Any apparent advantage of inanimate objects over living things may
therefore be an artifact of the different values of category exemplars on these dimensions
(See, for example, Stewart, Parkin and Hunkin 1992; Funnell and Sheridan 1992).

Finally, the Chertkow and Bub study is vulnerable to some of the problems that are
associated with group study methodology. These will be discussed below.

3.6 Group studies of patients with neurological impairments

3.6.1 The importance of homogeneity

The validity of patient-group studies has been widely debated within the cognitive
neuropsychological literature. A typical patient-group study involves selecting a group of
subjects from a particular patient population (such as Alzheimer's patients), and testing their
performance on a range of experimental tasks. The scores on each measure are then
averaged across subjects (though this is not invariably the case), and these data are
compared with the performance of control subjects. The pattern of performance
demonstrated by the patient-group as a whole is then used to make inferences about the
cognitive mechanisms that are impaired in that patient population, and about normal
cognitive processing. However, a number of authors have argued that this type of
methodology is fundamentally flawed, and that single-case studies are the only valid basis
for drawing inferences about normal cognitive systems from the performance of
neurologically impaired patients (Caramazza 1986; McCloskey and Caramazza 1988;
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McCloskey 1993; although see, for example, Caplan 1988; Zurif, Gardener and Brownwell
1989 and Robertson, Knight, Rafal and Shimamura 1993 for opposing arguments).

One basic problem with the patient-group method is that the process of averaging data
across subjects is only justified if it assumed that the subjects are homogeneous with regard
to the nature of their pre-morbid cognitive mechanisms, and the nature of the damage that
they have sustained to those mechanisms. If homogeneity can be assumed, then variations
across subjects can be dismissed as measurement error. As McCloskey (1993) has pointed
out, one would probably be willing to assume that neurological patients are homogeneous
with regard to the nature of their pre-morbid cognitive mechanisms in any situation in which
one would be willing to assume that the normal population is homogeneous. However, it
is more difficult to determine any basis on which one would assume that a patient group was
homogeneous with respect to the nature of their deficits. This problem is an important one,
because if a group of patients have qualitatively different cognitive deficits, then the pattern
of results obtained by averaging data across patients might not (in theory) reflect the nature
of any individual deficit.^

3.6.2 Homogeneity with regard to disease state

The problem is therefore one of how one may justify the assumption that a group of patients
is homogeneous with regard to their cognitive deficits. It is apparent that the fact that a
patient group is homogeneous with regard to disease state is not sufficient grounds for
making this assumption.^ For example, there is empirical evidence demonstrating that
Alzheimer's patients do not all have the same neuropsychological profile. Martin and

^ However, as Shallice (1988b) has pointed out, the fact that averaging effects can occur in principle doesn't
mean that they actually occur in practice.
* It should be noted that, in the case of Alzheimer's disease, it is difficult to guarantee homogeneity even with
regard to disease state. As the causal and pathophysiological mechanisms responsible for the development of the
disease are not known, and no biological marker has been identified, the confirmation of a diagnosis of die
disease depends on neuropathological criteria. The only means of establishing for certain that a patient is
suffering from Alzheimer's disease whilst the patient is living is through brain tissue biopsy. Consequendy, a
diagnosis of the disease is usually dependent on a process of exclusion of odier possible conditions. Because of
the uncertainty surrounding the diagnosis of the disease, homogeneity of disease state within a patient group
cannot be guaranteed.
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colleagues (Martin et al. 1984; 1986) and Becker et al. (1988) have described qualitatively
distinct subgroups of Alzheimer's patients. One group of patients demonstrated impaired
semantic and lexical knowledge in the context of intact visuo-spatial functions, while
another group demonstrated the complementary pattern of impaired and preserved cognitive
functions. What is important in the present context is the observation that patients do not
differ solely in terms of the severity of their cognitive deficits, or the breadth of cognitive
domains that are impaired. Rather, "individuals with the same disease, and at a comparable
stage of impairment, may show qualitatively different profiles of impaired and preserved
ability" (Martin 1990, p. 146). In other words, it is possible for a single disease to produce
doubly dissociated deficits. Evidence of this kind suggests that it may be inappropriate to
average data across patients simply because they have all been assigned the same diagnostic
label.

3.6.3 Homogeneity on selection criteria

One possible solution to this problem would be to confine group studies to the examination
of neuropsychological subgroups (Martin 1990). McCloskey (1993) has referred to this
approach as "the theory-based syndrome rationale". This method involves specifying a set
of selection criteria which, within a particular model of cognitive processing, will define a
population with a particular form of impairment to that architecture. This is the approach
adopted by Chertkow and colleagues. Patients were chosen on the basis that they
demonstrated anomia (considered as a crude indication of possible semantic memory loss)
in the context of adequate visual perception, auditory and written word perception and
phonological speech output.

However, even this approach will not necessarily solve the problem. Even if a group is
homogeneous with regard to their performance on selection tasks, it cannot be assumed that
their performance on experimental tasks will also be homogeneous (see, for example,
McCloskey 1993). For example, patients forming a single subgroup could differ in terms of
the specific processing deficit responsible for their impairment in a particular functional
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domain/ If this were the case, then it would be possible (in theory) that the pattern of results
obtained by averaging data from experimental tasks over patients would not characterize the
pattern of performance demonstrated by any individual patient. For example, if a patientgroup demonstrated a conjunction of deficits on experimental tasks, it would be possible for
the two effects to have been produced by different subgroups of patients. In theory, it would
be possible that the two effects did not actually co-occur for any individual patient.

The view that the single case study is the only legitimate means of drawing inferences about
normal cognitive processes from the performance of neurologically impaired patients (an
approach which Shallice [1988b] has referred to as "ultra" cognitive neuropsychology) is,
in some respects, rather harsh. Single-case studies do have some drawbacks, and group
studies do have some advantages. For example, as Shallice has pointed out, group studies
are less vulnerable than case studies to artifacts produced by individual differences. Group
studies can also be particularly useful in certain situations, such as when it is difficult to
produce enough equivalent stimuli to obtain sufficient data for statistical analysis from a
single case, or when subjects are likely to learn over time and over trials. Furthermore, some
aspects of the patient-group method which are problematic in theory may be less
problematic in practice. For example, it would seem fairly unlikely that an effect that was
demonstrated by a patient-group would not reflect the performance of any individual within
that group. Because of issues such as these, Shallice (1988b) concludes that "The single case
should be the preferred method, but not the only method" (p. 204).

Nevertheless, the patient-group method does have some shortcomings when it is applied in
a situation such as that in which it was employed by Chertkow and his colleagues. As
previously noted, when the data from their DAT patients were averaged across subjects, a
picture superiority effect was observed. Hence at least some of the patients must have
demonstrated superior retrieval of semantic knowledge from pictures rather than words.

^Maitin (1990) has argued that, as veiy different patterns of cognitive functioning can be produced by quite small
variations in the primaiy locus of brain pathology, a subgroup of patients would have to be virtually identical in
terms of their initial site of pathology and its progression in order for the group to demonstrate homogenous
pattons of neuropsychological cq)abihties and impairments. Not only would the disease have to affect the same
set of cognitive domains within each patient, but also the same components of those domains.
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However, according to the Identification Procedures theory (and also OUCH), picture
superiority will be a necessary consequence of damage to stored semantic representations.
By contrast, a competing theory - the Modality-Specific Content hypothesis - predicts that
it would also be possible for damage to stored semantic representations to produce word
superiority. Data which have been averaged over patients cannot be used to ascertain
whether it is possible for both of these patterns of performance to arise.

A second point is that the conclusions drawn by Chertkow et al. were based on a
conjunction of findings, viz. that their patients appeared to have sustained damage to stored
semantic representations, and also demonstrated superior access to semantic knowledge
from pictures rather than words. However, both of these observations were based on data
that had been averaged across patients. This raises the possibility that the "storage" pattern
and the picture superiority effect were produced by different subgroups of patients.

3.6.4 The use of group data to distinguish between deficits of access and storage

It should be noted that, on the diagnostic measures proposed by Warrington and Shallice,
an access deficit does not produce the opposite pattern to that produced by a storage
deficit. Rather, access deficits do not produce any significant effects on these measures. This
means that, if data were averaged across a mixed group of access and storage patients, the
group pattern of performance would tend towards that of a storage disorder.^

The fact that Chertkow et al. averaged data on the access/storage measures across patients
opens up the possibility that their group included some patients with access rather than
storage deficits. The group pattern of performance on probe questions about pictures and
words may therefore have been distorted by the inclusion of patients with impaired access

^ For example, Cherücow and Bub argued that a storage deficit would be characterized by (i) better preserved
superordinate-level knowledge than subordinate-level knowledge, (ii) higher word-frequency of named items
than unnamed items and (iii) better performance on subordinate-level questions for named items than unnamed
items. By contrast, an access deficit would not be expected to produce any significant effect either way on any
of these measures. This means that, if results were averaged over patients, the performance of a group consisting
of a mixture of patients with storage and access deficits would tend towards the pattern considered to be
characteristic of a storage deficit.
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to the semantic store from verbal stimuli. This would result in the group demonstrating
better performance with pictures rather than words.

3.7 Introduction to Experiment 3.1

The data obtained by Chertkow et al. from their group of DAT patients suggest that damage
to stored semantic representations will result in superior retrieval of semantic knowledge
from pictures rather than words. In addition, their results suggest that this picture
superiority will not be limited to knowledge about visual-perceptual attributes. These
findings support models of semantic processing in which pictures have privileged access to
both visual-perceptual and associative semantic knowledge (such as the Identification
Procedures theory and OUCH).

The aim of the present study was to investigate whether the observation that patients whose
test profiles indicate a deficit of semantic storage demonstrate superior access to semantic
information from pictures than words would be replicated when a more strictly controlled
set of questions was used. Probe questions were designed so as to minimise the possibility
of their being answered on the basis of information visible in the stimuli. In addition, the
modality of stimulus presentation was counterbalanced over testing sessions. The
predictions of each theory with regard to the effect of input modality on the performance
of patients who have sustained damage to stored semantic representations are summarized
in Table 2.1.

Group data will be presented in order to facilitate a direct comparison with the results
reported by Chertkow et al. However, information on individual patients will also be
reported in order to investigate whether this information supports the conclusions that are
drawn from the group data. Hence case-by-case analyses of individual patients in terms of
the access/storage criteria and the possible effects of stimulus modality will be presented.

The effects of the type of question asked (visual, contextual or functional) will also be
examined. Again, the predictions of each theory with regard to the potential effects of this
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variable are summarized in Table 2.1. Finally, the possibility that there will be an effect of
the semantic category to which target stimuli belong will be examined. Possible confounding
factors - namely word frequency, concept familiarity, age of acquisition and visual
complexity - will be taken into account.

3.8 Method

3.8.1 Subjects

Subjects were 10 patients attending the Memory Clinic at the Whittington Hospital London.
Their mean age was 82.2 years, with a range of 74 to 90 years. The aim of the study was
to use case studies of patients with semantic deficits to test competing models of semantic
memory, rather than to produce a characterisation of the semantic deficit observed in
dementia of the Alzheimer-type per se. The subject group was therefore not limited to
patients with dementia of the Alzheimer-type, and included patients with a number of
different types of dementia. Clinical details of the patients are given in Table 3.1. All of the
patients were English-speaking, with adequate vision and hearing, and were co-operative
and consenting.

3.8.2 Controls

The control group consisted of 10 normal elderly individuals. Their mean age was 79.8
years, with a range of 74 to 85 years. None of the control subjects had any history of
neurological disease or mental decline.

3.8.3 Baseline tests

A number of baseline tests were carried out to assess the patients' perceptual and
phonological output abilities.

85

Table 3.1: Clinical details of patients
Patient

Age

Diagnosis

BL

80

Vascular
Dementia

RV

74

Dementia

GH

81

Cognitive
impairment due
to small vessel
disease

Prominence of the
ventricles and cerebral
sulci, in keeping with
involutional changes.
Peri-ventricular low
density in keeping with
small vessel oisease. No
space-occupying lesions.

EB

90

Alzheimer's
Disease

Widening of the gyral
folds and prominent basal
cisterns associated with
general dilation of the
entire ventricular system.
No focal lesions.

AW

75

Dementia
(Alzheimer's
and Multi
infarct)

A little low density in the
white matter of both
hemispheres, typical of
vascular disease. Marked
atrophy.

MMSE: 17/30

FD

76

Dementia

Cerebral atrophy with
enlargement of the
ventricular system and
prominence of the cerebral
sulci.

WAIS: Verbal IQ: 107
Performance IQ: 108
RMBT: Profile score: 6
Screening score: 1
MMSE: 23/30

BW

86

Dementia

Diftuse cerebral atrophy.
No focal lesions seen.

MMSE: 15/30

LM

87

Dementia

-

MMSE: 23/30

FL

90

Alzheimer's
Disease

-

MMSE: 16/30

AB

83

Dementia
(possible
Alzheimer's)

-

MMSE: 14/30

CT Scan
Two areas of low density
in the right hemisphere
white matter and similar
areas on the left side,
indicating underlying
vascular disease.
-
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Clinical Testing
RMBT: Profile Score: 12
Screening Score: 9
MMSE: 15/30

WAIS: Verbal IQ: 99
Performance IQ: 102
RMBT: Profile Score :6
Screening Score: 2
MMSE: 20/30

3.8.3.1 Single Word Repetition

This test consisted of 20 one-, two- and three- syllable words, half of which were concrete
and half abstract. This test was included in order to ascertain whether the patients had
adequate auditory perception and phonological output mechanisms. All of the patients
performed quite well on this test. The mean score was 18.8/20 (S.D. = 0.8). The mean score
of the control subjects was 18.9/20 (S.D. = 0.9).

3.5.3.2 Auditory Lexical Decision

There were 32 items in this test, ranging from one to three syllables in length. Half were
concrete and half abstract. The mean score was 27.6/32 (S .D. =3 .1). One patient (AB
failed to score at above chance level. The mean score of the control subjects was 29.0/32
(S.D. = 1.8).

3.5.3.3 Ravens Coloured Progressive Matrices

Patients were required to perform the first 10-12 items of this test. The mean score was 7.6
(S.D. = 2.5). The mean score of the control subjects was 9.5 (S.D. = 0.7).

3.5.3.4 Object Decision

This test used 20 items taken from the object decision task of the Birmingham Object
Recognition Battery. Stimuli are line drawings of either real animals or "non-animals” that
have been constructed from parts of various other animals. The patient has to decide
whether each item is a real or a nonsense animal. This test was included in order to
determine whether the patients' visual processes, up to and including the level of attaining
an adequate structural description were intact. The mean score on this test was 14.4 (S.D.
= 3.5). Only half of the patients scored at above chance level on this task. The patients who
failed the task appeared to adopt a strategy of accepting both real and nonsense animals as
genuine animals. This is demonstrated by the fact that patients who failed this task made an
average of 80% of their errors on nonsense animals (i.e. their errors consisted mainly of
accepting nonsense animals as real animals), while those who passed the task made an
average of 54% of their errors on non-animals. The mean score of the control subjects was
18.7 (S.D. = 1.1).
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3.8.4 Experimental tests

3.8.4.1 Object Pictures

The stimuli for this test were 40 coloured photographs showing 10 items from each of the
categories of animals, fruit and vegetables, inanimate objects and food. The pictures were
presented on cards measuring 14 cm x 9.5 cm.

The patient was asked five questions about each item. The first of these questions was at the
superordinate level, e.g. 'Ts this an animal, an object or a food?” The remaining questions
tested more detailed knowledge about the item. For example, for items taken from the
"animals" category, the patient was asked where the animal lived, what it ate, how large it
was, and whether or not it was domesticated. Care was taken to ensure that the questions
were not answerable on the basis of information directly visible in the picture. For this
reason, few of the questions referred to perceptual properties of the items. All of the
questions were presented in a forced-choice format with three possible answers given. Also,
the distractor responses were designed to be compatible with the perceptual features of the
object. For example, when patients were asked what a clock was used for, the distractor
responses were "to show the temperature" and "to weigh things". Similarly, the distractor
fijnctions for buttons were "to play games with" and "for jewellery". A full list of the probe
questions that were asked about each item is given in Appendix A After answering these
questions, the patient was asked to name the item.

3.8.4.2 Object Names

The stimuli for this test were the written names of the items used in the object pictures task.
The names were written in black upper-case letters on white cards measuring 14 cm x 4 cm.
The procedure was the same as for the object pictures task, with the exception that instead
of naming the item, the patient was asked to read the word aloud.

Patients were tested in two sessions, which were usually about one week apart. For the
object pictures and words test, the items were split into two lists. One list was presented in
each modality in each session. The order of presentation of the two stimulus modalities was
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counter-balanced across sessions.

3.8.5 Measurement of confounding variables

3.8.5.1 Frequency

Word frequency ratings for the 40 items used in the objects task were taken from the
American Heritage norms, using the ”U" measure, which is adjusted for the dispersion of
a word across the sources used in the calculation of the ratings. Frequencies were summed
over singular and plural forms of the word.

3.8.5.2 Familiarity

The 40 words used in the objects task were rated for familiarity, using the instructions used
by Snodgrass and Vanderwart (1980). Subjects were asked to judge the familiarity of each
item according to how usual or unusual the concept was in the realm of their experience,
where familiarity was defined as "the degree to which you come into contact with or think
about the concept". A 5-point rating scale was used, where 1 indicated "very unfamiliar" and
5 indicated "very familiar". Subjects were told that all words were to be considered to be
nouns, and to look through the | words before they began to get an idea of the range of
familiarity involved. Subjects were 12 students from University College London.

Inter-rater agreement (measured using Kendall's coefficient of concordance) was high (W
= 0.55 df = 39, p<0.0001). The mean of the 12 ratings of each object was taken as a single
rating of the familiarity of that object. Ratings for the 25 items that also appear in the
Snodgrass and Vanderwart corpus were strongly correlated with the ratings reported by
those authors (r = 0.92, 2-tail p < 0.001).

3.8.5.3 Age of acquisition

The 40 words used were also rated for age of acquisition, using the instructions used by
Gilhooly and Logie (1980). Subjects were asked to provide an estimate of when in their life
they probably first learned each word, i.e. first learned the word and its meaning either in
spoken or written form. A 7-point scale was used where 1 indicated an age between 0 and
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2 years, and 7 indicated 13 years or older, with the age ranges indicated by the intermediate
scores rising in 2 year bands. Subjects were 12 students from University College London.

Inter-rater agreement was high (W = 0.54 df = 39, p< 0.0001). The correlation with the 15
items that also appear in the Gilhooly and Logie corpus was also high (r = 0.92, 2-tail p <
0 . 001).

3.8.S.4 Visual complexity

The 40 pictures used in the objects task were rated for visual complexity, using the
Snodgrass and Vanderwart instructions. Subjects were told to rate the complexity of the
picture itself rather then the real-life object that it represented. Complexity was defined as
the amount of detail or intricacy in the picture. A 5-point scale was used, where 1 indicated
very simple, and 5 indicated very complex. Subjects were asked to look through the pictures
before they began to give themselves an idea of the range of complexity involved. Subjects
were 12 students from University College London.

Inter-rater agreement was high (W = 0.48 df = 39, p< 0.0001).

3.9 Results

The first question to be considered is whether each of these patients had a deficit at the
semantic level. A number of the characteristics of their performance suggested that this was
the case. All of the patients scored outside the range of the control subjects on picture
naming, and more than three standard deviations below the control mean on semantic probe
questions about both pictures and words. The scores for individual patients on the basehne
tests, picture naming and the semantic probe questions are given in Appendix B, together
with the grounds for concluding that each patient had a deficit at the level of semantic
memory.

It must then be established whether these semantic impairments were the result of damage
to stored semantic representations or to semantic access mechanisms, and whether different
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input modalities were equally affected. Group results on the access/storage criteria and the
semantic probe questions wül be presented in order to facilitate a direct comparison with the
results reported by Chertkow et al. Results for individual patients will then be presented in
order to determine whether these results correspond with the pattern of performance
suggested by the group data.

3.9.1 Analysis of group data

3.9.1.1 Access versus storage deficits

The findings of Chertkow et al. with regard to patients' performance on the access/storage
criteria were replicated with the present patient group.

Chertkow et al. reported that their patients demonstrated consistency in their performance
across tasks, in that they were better at answering probe questions about items which they
could also name. Chertkow et al. argued that the fact that their patients had difficulty with
the same items in different tasks suggested that they had sustained damage to stored
semantic representations, rather than access procedures. This pattern of performance was
also observed in the present study. The 10 patients were anomic on a mean of 23.8% of
items. For items that they could name, they answered a mean of 3.2 out of 4 subordinatelevel questions correctly, while for items that they were unable to name, they answered a
mean of 2.5 questions correctly. T-tests confirmed that the patients were significantly more
impaired on questions about items that they were unable to name. This was the case with
both pictorial (t = 5.60 df = 9, 2-tail p < 0.005) and verbal presentation (t = 3.77 df = 9, p
< 0.005).

Chertkow et al. also observed that the mean fi-equency of the items which their patients were
able to name was higher than the mean fi-equency of the items for which they were anomic.
Again this pattern of performance was replicated in the present study. Across the 10
patients, the mean word fi-equency of unnamed items was 25.50 (S.D. = 13.37), while the
mean fi-equency of named items was 55.04 (S.D. = 3.97). Across subjects there was a
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significant effect of word frequency on picture naming (t = 5.73, df = 9, 2-tail p < 0.001).

Finally, Chertkow et al. observed that their patients were better at answering superordinatelevel questions than more detailed questions. The same pattern of results was observed in
the present study. A mean of 91% of the superordinate questions were answered correctly,
as compared to a mean of 75% of the more detailed questions. A t-test confirmed that this
was a significant difference (t = 9.87, df = 9, 2-tail p < 0.001).

Chertkow et al. argued that these aspects of the performance of their patients suggested that
they had sustained damage to stored semantic knowledge, rather than to access mechanisms.
When results were analyzed across subjects, the performance of the present group of
patients demonstrated the same characteristics. The pattern of results obtained when the
data were analyzed across subjects therefore suggested that this group of patients had
sustained damage to stored semantic representations rather than to access mechanisms.

3.9.1.2 Semantic probe questions

Initially, the data were analyzed using the methods employed by Chertkow et al , in order
to facilitate a comparison with their findings. Table 3.2 shows the mean percentage of
questions that patients answered correctly about each category in each modality.

It can be seen that there was little effect of stimulus modality on patients' performance.
However, there does appear to have been some effect of taxonomic category, with questions
about man-made items being answered more successfully than questions about items from
other categories. In fact, when pictorial stimuli were used, eight of the ten patients achieved
their highest or joint-highest score on the man-made category, and when verbal stimuli were
used, six of the ten did so. A 2 x 4 repeated-measures ANOVA (modality x category)
confirmed that there was a significant effect of the category to which the target stimulus
belonged (F(3, 27) = 3.27, p < 0.05). The main effect of stimulus modality was not
significant. However, there was a significant interaction between the effects of stimulus
modality and category (F(3,27) = 3.38, p < 0.05). These results are illustrated in Figure 3.2.
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The interaction appears to be the result of a greater discrepancy between picture and word
scores for fruits/vegetables and foods than for the other categories.

Table 3.2: Performance by stimulus modality and category (Percentage correct)

Modality

Category
Animal

Fruit/
Veg

ManMade

Food

Total

Pictures

Mean
S.D.

77.6
10.9

75.2
7.6

83.6
14.3

71.0
11.7

76.9
11.8

Words

Mean
S.D.

75.6
16.1

80.0
6.9

84.2
12.3

79.8
15.4

79.9
13.1

Total

Mean
S.D.

76.6
13.4

77.6
7.5

83.9
13.0

75.4
14.1

78.4
9.7

It could be argued that the lack of a picture superiority effect across patients may be
explained in terms of some patients having problems with visual-perceptual processing. The
scores for the subset of patients who passed the object decision task were therefore
examined separately. (In order to pass the object decision task, visual processes up to and
including the attainment of a structural description must be intact.) However, even the
patients in this group did not demonstrate any picture superiority effect. These patients
scored a mean of 78% (S.D. = 11.5) on pictures and 80.5% (S.D. = 13.3) on words. This
difference was not statistically significant.

Thus, a group that would be considered to have sustained damage to stored semantic
representations, according to the criteria employed by Chertkow et al., does not appear to
demonstrate any picture superiority effect. This is the case even when the analysis is
restricted to patients who passed object decision. When the results for individual subjects
were examined, only one of the ten patients (BL) showed a picture superiority effect,
scoring 70% on pictures and 59.5% on words (t = 2.03 df = 39, 2-tail p <0.05). Three of
the patients (FL, AW and RV) actually performed worse with visual stimuli, scoring 74%
vs. 84% (t = -2.36 df = 39, p < 0.05), 78% vs. 87.5% (t = -2.24 df = 39, p <0.05) and 71%
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vs. 83% (t = -2.40 df = 39, p <0.05) on pictures and words respectively.
Figure 3.2: Performance by stimulus modality and category
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3.9.1.3 Picture naming

The trend observed across categories for probe questions was also observed for picture
naming. Table 3.3 shows the mean number of naming errors made in each category. The
patients made the largest number of errors when naming foods, followed by animals and
fixiits and vegetables, and the least for man-made objects. The effect of stimulus category
was confirmed by a one-way repeated-measures ANOVA (F(3, 27) = 19.61, p < 0.001).
44.2% of the naming errors were omissions, 22.1 were visual and semantic errors (e.g.
"lemon" for an orange), 16.8% were semantic errors (e.g. "bear" for a lion), 6.3% were
visual (e.g. "grater" for a typewriter), 3.2% were cases where the superordinate was given.
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2.1% were perseverations and 5.3% were none of the above.

Table 3.3: Picture naming errors

Category

Mean
S.D.

Animals

FruitA^eg

Food

Total

n = 10

ManMade
n = 10

n = 10

n = 10

n = 40

2.80
1.14

1.20
1.32

1.00
1.05

4.50
1.78

9.50
3.60

The analysis thus far has been of the type used by Chertkow et al. However, this type of
analysis has a number of shortcomings. In particular, it is difficult to interpret the effects of
taxonomic category, as factors such as word fi-equency, concept familiarity, age of
acquisition and visual complexity were not taken into account. In the ANOVA reported
above, the values of items on these dimensions would have to be represented by a single
value for each category (i.e. values would have to be summed across items). Given the large
degree of variability of values on these dimensions of items within the same category, it
would seem preferable to use the values of individual items. For this reason, the effects of
semantic category were examined using a multiple regression analysis, in which the values
of individual items on these dimensions were included as predictors. Regression analysis also
has the advantage of enabling a quantitative estimate of the relative contribution of each
factor to patients' performance.

However, there is a problem in using variables such as word fi-equency, concept familiarity
and age of acquisition as predictors in a multiple regression analysis, as these factors are
significantly correlated with one another (Carroll and White 1973; Stratton, Jacobus and
Brinley 1975; Gilhooly and Logie 1980). In the present data set there were correlations
between concept familiarity and age of acquisition (r = -0.44, 2-tail probability < 0.005) and
between word frequency and age of acquisition (r = -0.48, 2-tail probability < 0.005) that
were significantly different from zero. This multi-coUinearity suggests that these variables
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load on the same factor to a large degree. One possible remedy in this type of situation is
to replace the individual values from the three variables with principal component scores for
analysis. As, in the present context, the main objective was not to assess the relative
contribution of each of these variables, but to partial out their joint effect, this was the
method used.

3.9.1.4 Factor analysis

Three of the predictor variables - word frequency, concept familiarity and age of acquisition
- were subjected to a principal components analysis. Only one factor satisfied the latent root
criterion - i.e. had an eigenvalue greater than 1.0. However, the scree test indicated that 2
factors would be appropriate. The unrotated factor matrix indicated that 85.7% of the total
variance was represented by these two factors. The factor matrix is given in Table 3.4. All
three variables loaded significantly on Factor 1, while concept familiarity and word
frequency loaded significantly on Factor 2. The factor scores were then used to represent
the original variables in the regression.

Table 3.4: Factor matrix

Principal Component 1

Principal Component 2

Familiarity

-0.519

0.739

Age of Acquisition

0.658

0.025

Frequency

-0.546

-0.673

3.9.1.5 Multiple regression analysis

The data were then subjected to a multiple regression analysis (stepwise). Because a number
o f patients had shown modality effects, scores for pictures and words were entered into
separate analyses. This method also avoided the potential problem of the pattern across the
predictor variables for each item being repeated.
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In order to rule out the possibility that any effect of category could be an artifact of the
subjects having been asked different questions about items from different categories, the
analysis was restricted to 4 questions which had rough equivalents for 3 of the 4 categories.
The analysis was also restricted to these 3 categories (animals, fruits and vegetables and
man-made objects). The question-types were - a superordinate level question, a size
question, a contextual question ("Where does this animal live?"/"Where does this vegetable
grow?"/"Where is this object found?"), and a functional question ("What does this animal
eat?"/"How is this vegetable prepared?"/"What is this object used for?").

The predictor variables consisted of the two newly identified factors plus category
membership (animal, ffuit/vegetable or man-made). Visual complexity was included as an
additional predictor for the picture scores. The dependent variable was the mean number of
questions answered correctly across subjects for each item. The method of least-squares was
used to estimate the coefficients. Variable selection terminated when no more variables met
entry or removal criteria (Variables were entered if the significance of their F value was less
than 0.05 and removed if the significance was greater than 0.1.)

3.9.1.5.1 Data preparation

For each of the regression analyses that were carried out, the results were examined in order
to determine whether any of the basic assumptions of regression had been violated. The
assumptions that were examined were as follows:-

1. The linearity of the data.
2. The constant variance of the error terms.
3. The normality of the error term distribution.
(following Hair, Anderson, Tatham and Black, 1992).

Standardized residuals were plotted against the predicted dependent values. The plots for
these two regressions did not exhibit any non-linear pattern to the residuals. In addition,
there was no pattern of increasing or decreasing residuals with values of the predicted
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variable, indicating homoscedasticity (equal variances). A normal probability plot of the
standardized residuals showed no substantial or systematic departures from normality. The
Lilliefors test (which is based on a modification of the Kolmogorov-Smirnov test) confirmed
that there were no significant departures from normality. No outliers (defined as
standardized residuals greater than 3) were identified.

3.9.1.5.2 Regression results for group data

When the picture scores were analyzed. Factor 1 and the contrast between man-made
objects and other categories were found to be significant predictors of subjects' performance
(Factor 1 t-ratio = -2.79, p < 0.01; man-made t-ratio = 3.118, p < 0.005). Items with low
values on Factor 1 (i.e. those of high frequency and familiarity and low age of acquisition)
produced more correct responses than those with high values. In addition, man-made items
produced more correct responses than items from other categories. Together these factors
explained 32% of the total variance. For word scores. Factor 2 was the only significant
predictor of performance (t-ratio = 2.65, p <0.05). Items with high values on this factor (i.e.
those of high familiarity and low frequency) produced more correct responses than those
with low values. This factor accounted for 17% of the total variance.

3.9.1.6 Effects of question type

The data were also examined by question type (size, contextual or functional). Table 3.5
shows the mean percentage of questions of each type that were answered correctly in each
modality.

A 2 X 3 (modality x question-type) repeated-measures ANOVA showed that the main
effects of stimulus modality and question type were not significant. However, the 2-way
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Table 3.5: Performance by stimulus modality and question type (Percentage correct)

Question Type

Modality

Pictures

Words

Total

Size

Context

Function

Mean

75.7

75.0

74.7

75.1

S.D.

23.8

9.2

7.9

11.0

Mean

71.7

74.7

81.7

76.0

S.D.

23.4

10.3

7.7

12.5

Mean

73.7

74.8

78.2

75.6

S.D.

22.9

8.7

6.5

11.1

Figure 3.3: Performance by stimulus modality and question type
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interaction was significant (F(2, 18) = 6.55, p < 0.01).^ These results are illustrated in
Figure 3.3. The simple effect of question type within each modality was not significant.
There was a significant simple effect of modality for functional questions (F(l,9) = 6.52, p
< 0.05) but not for the other question types. The interaction between modality and question
type therefore appears to be the result of functional questions being answered more
successfijlly from words than fi'om pictures.

3.9.2 Analysis of individual subject data

3.9.2.1 Access versus storage

Although the pattern of performance observed across patients was suggestive of a storage
deficit, the scores on the access/storage criteria were also submitted to a case-by-case
analysis, in order to assess whether this was an adequate description of individuals within
the group. The results on these measures are given in Table 3.6.

The consistency of subjects' responses over modalities was examined in order to ascertain
whether patients had difficulty with the same items in both modalities. Consistency across
modalities would suggest that semantic representations accessed from both visual and verbal
input had been impaired. Consistency was assessed using the contingency coefficient (Siegel,
1956). This test was only carried out for patients whose performance in both modalities lay
between 20 and 80 per cent (this avoids artifacts arising from floor and ceiling effects). Two
o f the three patients that fulfilled this criterion (Patients LM and AB) demonstrated a
significant degree of consistency across modalities (C = 0.38, p < 0.001; C = 0.44 p <
0.001). However, patient BL did not show a significant degree of consistency (C = 0.12, p
>0.1).

^ It can be seen from Table 3.5 that the standard deviations were much larger for the size question than for the
other questions. In fact, there was a significant degree of heterogeneity amongst the variances of the cells (Levene
statistic = 2.4, p < 0.05). On examination of the data, it became clear that this heterogeneity was the result of
patient AB having produced perseverative responses for the size question. When this patient was excluded from
the analysis, the variances were not significantly heterogeneous (Levene statistic = 1.0, p > 0.4), and the overall
pattern of results remained the same. That is, the main effects of modality and question type were not significant,
but there was a significant interaction between the two (F(2,16) = 6.41, p < 0.01).
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Table 3.6: Storage vs access test results for individual patients

Consistency

Frequency Effects®

Across
Modalities

Named

Unnamed

C

Mean

Mean

BL

0.12

52

36

RV

n/a

48

GH

n/a

EB

Named vs

Superordinate vs

Unnamed**

Detailed Knowledge®

Pictures

Words

Pictures

Words

t

t

t

4.18*

0.80

0.15

10.98***

50

23.94***

4.27*

4.76*

1.74

58

6

10.39**

7.02**

1.76

7.14**

n/a

53

15

2.20

6.45*

0.96

4.87*

AW

n/a

60

25

12.87***

0.01

8.42**

4.57*

FD

n/a

59

14

8.23**

0.22

7.03**

6.45*

BW

n/a

53

37

9.24**

0.26

6.45*

6.82**

LM

0.38***

53

30

1.81

0.00

6.13*

4.30*

FL

n/a

56

16

24.23***

1.84

4.74*

6.78**

AB

0.44***

59

27

0.05

3.62

19.86***

4.90*

Patient

*= p < 0.05
**= p<0.01
***= p <0.001
'Mean frequency of named and unnamed items.
'’A comparison of performance on probe questions about items that were named and those that were not (df=1).
'A comparison of performance on superordinate and subordinate-level probe questions (df = 1).

In order to assess consistency across tasks, performance on detailed probe questions about
named and unnamed items was examined. With pictures, all subjects except EB, LM and AB
demonstrated better performance on named than unnamed items. This correspondence is not
surprising, given that naming and semantic knowledge were tested on the same presentation
of the pictorial stimulus. Even if a patient had an access deficit, some correspondence
between tasks involving the same presentation of a stimulus would be expected. This
measure will not, therefore, be given much weight in the analyses that follow. A comparison
between picture naming and probe questions about verbal stimuli is a more valid measure
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of cross-task consistency, as these tasks were performed on different occasions Seven of
the ten patients did not show any significant advantage on probe questions about named
rather than unnamed items when verbal stimuli were used.

The mean frequency of named and unnamed items was also examined. For all patients but
one (patient RV) named items were of higher frequency than unnamed items. However, for
a number of patients (BL, BW and LM) this difference was not very great.

Finally, the data were examined in order to determine whether superordinate-level
knowledge was better preserved than subordinate-level knowledge. Three patients failed to
show an advantage for superordinate-level questions when pictorial stimuli were used. For
two of these patients (GH and EB), this may be explained in terms of a ceding effect. These
patients had higher scores on subordinate-level questions about pictures than any of the
other patients, and so the disparity between their performance on superordinate- and
subordinate-level questions may not have been sufficiently great to reach significance. This
type of explanation is not, however, applicable to the third of these patients (BL) who
answered 73% of superordinate-level questions and 69% of subordinate-level questions
correctly. All of the patients but one (patient RV) demonstrated an advantage for
superordinate-level questions when verbal stimuli were used.

It can be seen fi'om the results shown in Table 3.6 that the impairments demonstrated by
some of the patients do not fit neatly into the categories of "storage deficit" or "access
deficit". However, an attempt was made to interpret the performance of each patient in
terms of this dichotomy.

The pattern of performance demonstrated by patients GH and EB suggests that these
patients had storage deficits. Both of these patients demonstrated fi*equency effects on
picture naming, and on probe questions about words they demonstrated better performance
on named than unnamed items and better superordinate than subordinate-level knowledge.
As noted above, their failure to show superior superordinate than subordinate-level
knowledge about pictures may be attributed to a ceiling effect. Although EB failed to show
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superior performance on named than unnamed items when pictorial stimuli were used, it
should be noted that this patient made so few naming errors that the relevant chi-squared
table included one expected frequency below 5. This means that the results of the statistical
test are doubtful. Overall, therefore, the pattern of performance is consistent with that which
is considered to be indicative of a storage deficit. It should be noted that neither of these
patients demonstrated any effect of input modality on their performance on semantic probe
questions.

Patients AW, FD, FL and AB all showed frequency effects on picture naming and better
preserved superordinate than subordinate-level knowledge in both modalities. However,
their performance on probe questions about words was equivalent for named and unnamed
items. These patients therefore demonstrate the characteristics of a storage deficit, but do
not demonstrate cross-modality consistency. For patients AW and FD, this lack of cross
modality consistency cannot be explained in terms of some impairment to pre-semantic
processing systems, as both of these patients performed well on auditory lexical decision and
object decision. It could, perhaps, be argued that their lack of cross-modality consistency
suggests that they have sustained damage to stored semantic representations in multiple
semantic subsystems. For AW, this impairment would appear to be,less severe in the verbal
semantic system, as his performance was significantly better with words than with pictures.

It is possible that patient AB's pattern of performance may be explained in a similar manner.
Although it could be argued that his lack of consistency across modalities may be explained
by the fact that he failed auditoiy lexical decision, his performance on probe questions about
words was actually not especially poor. There was no effect of input modality on his
performance on the semantic probe questions.

A tentative explanation of patient FL’s pattern of performance is that she had sustained
damage to stored semantic representations. The lack of correspondence between her
performance on named and unnamed items may be explained if it posited that she had some
difficulty with pre-semantic visual processing. (This view is supported by the fact that she
failed the object decision task, and was better at answering probe questions about words
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rather than pictures).

The pattern of performance demonstrated by patients BW and LM is difficult to explain in
terms of the access/storage dichotomy. These patients demonstrated superior retrieval of
superordinate than subordinate- level knowledge from both pictures and words, suggesting
that they had sustained damage to stored semantic representations. This view is supported
by the fact that LM's performance was found to be consistent across modalities (when
consistency was measured using the contingency coefficient). However, neither of these
patients showed any marked effect of word frequency on their picture naming, and their
performance on probe questions about words was found to be equivalent for named and
unnamed items. It is possible that the latter aspects of their performance may be accounted
for by the fact that they failed object decision. In other words, a tentative interpretation of
their pattern of performance is that it reflects a combination of pre-semantic visual
processing impairments and impairments to stored semantic representations.

Patient BL appears to show many of the characteristics of an access deficit. However, it
should be noted that this patient failed the object decision task. This may be sufficient to
explain the fact that her responses were not significantly consistent across modalities, and
that there was not any marked effect of word frequency on her picture naming. It may also
explain the fact that she did not demonstrate better superordinate than subordinate-level
knowledge about pictures. However, in the verbal modality she did demonstrate better
superordinate than subordinate-level knowledge. The latter observation suggests a deficit
of semantic storage. As noted above, this patient performed significantly better on probe
questions about pictures than words. If her deficit was indeed one of semantic storage, then
this would suggest that representations within a verbal semantic subsystem had been
disproportionately impaired.

Finally, patient RV*s pattern of performance does not seem to be explicable in terms of
either a storage disorder or an access disorder. For pictorial stimuli, the lack of an effect of
frequency on naming suggests an access deficit, while better preserved superordinate than
subordinate-level knowledge suggests a storage deficit. For verbal stimuli, equivalent
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performance on superordinate- and subordinate-level questions suggests an access deficit,
while better performance on probe questions about named than unnamed items suggests a
storage deficit. The latter observation also suggests that this patient's pattern of performance
cannot be explained entirely in terms of visual-perceptual difficulties, as within an account
of this sort no significant degree of consistency between picture naming and performance
on probe questions about words would be expected.

Hence it can be seen that, while the pattern of results obtained when the data were averaged
over subjects implicated a storage deficit, the patterns demonstrated by individual subjects
were much more complex.

3.9.2.2 Regression results for individual subjects

In order to examine whether any individual patients demonstrated unusual patterns of
performance across categories, separate regressions were carried out for each subject.* The
predictor variables were the same as for the regressions over subjects. The results are given
in Table 3.7.

As reported above, across patients Factor 1 and the Man-Made variable were significant
predictors of picture scores, while Factor 2 was a significant predictor of word scores. It is
not particularly surprising, therefore, that the performance of some individual patients was
affected by these variables. However, four patients demonstrated atypical patterns of
performance. The scores for these patients are given in Table 3.8.

^ See Laiacona et al. 1993 for a similar regression analysis of data from single subjects.
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Table 3.7: Results of regression analyses for individual patients
(a) Picture scores

Patient

Significant Factors

BL

None

RV

None

GH

t ratio

Probability

R:

Factor 1
Animal

-3.26
-2.29

<0.005
<0.05

.29

EB

Vegetables

-2.71

<0.05

.18

AW

None

FD

Man-Made

2.07

<0.05

.10

BW

Man-Made

2.22

<0.05

.12

LM

Man-Made

4.26

<0.005

.37

FL

Man-Made

3.05

<0.01

.22

AB

None

Significant Factors

t ratio

Probability

R square

BL

Animal

-2.42

<0.05

.14

RV

None

GH

Animal
Factor 1

-2.80
-2.50

<0.01
<0.05

.26

EB

None

AW

Vegetables

-3.08

<0.005

.25

FD

None

BW

None

LM

Man-Made

2.96

<0.01

.21

FL

None

AB

Factor 2

3.23

<0.005

.24

(b) Word scores

Patient

Contrasts for semantic categories are against members of all other categories. A positive t-ratio indicates that performance was better
for members of the relevant category, while a negative t-ratio indicates that performance was worse.
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One of these patients, GH, demonstrated a deficit for animals relative to other categories
in both input modalities. The remaining three patients (EB, BL and AW) appeared to
demonstrate category-specific deficits that were confined to one modality. The latter pattern
of performance, if it can be confirmed, has strong theoretical implications. As noted in
Chapter 1, McCarthy and Warrington (1988) have argued that deficits which are both
modality-specific and category-specific are problematic for the simple unitary semantics
hypothesis. This is because the category-specificity of the deficit suggests that the
impairment is within the semantic store itself, while the simple unitary semantics hypothesis
must explain modality effects in terms of damage to access mechanisms. These authors have
suggested that this contradiction may only be resolved by postulating that there are multiple
semantic systems, and that the impairment seen in this type of patient affects semantic
representations within one of these subsystems (see also McCarthy and Warrington 1990).
The results for the three patients in this study who appeared to show this pattern will
therefore be examined in more detail.

Table 3.8: Performance by category for case studies

Patient

GH

EB

AW

BL

Total Num )er of Probe Questions Correct

Modality

Animals
n = 50

Fmit/Veg.
n = 50

Man-Made
n = 50

Pictures

40

44

45

Words

41

45

47

Pictures

47

39

45

Words

44

43

44

Pictures

44

34

45

Words

45

38

47

Pictures

38

40

32

Words

22

39

33
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3.9.2.2.1 Case study 1: Patient EB

Patient EB shows a deficit for fruits and vegetables that is confined to the visual modality.
With category-specific deficits in the visual modality, the possibility that the category effect
is an artifact of the visual-perceptual properties of the stimuli must be considered. However,
this patient scored perfectly on the object decision task, and her performance on pictures
was not significantly affected by the visual complexity of the stimuli. It was argued above
that her performance on the relevant measures was indicative of a storage deficit rather than
an access deficit. At first, therefore, this case would seem to present a problem for the
simple unitary semantics hypothesis. However, her scores for vegetables presented visually
were not markedly different from her scores for the same items presented verbally. When
her scores on this category were compared across modalities using a t-test, no significant
effect of modality was found. Thus it would appear that although her performance on the
category of fitiits and vegetables with verbal stimuli was sufficiently poor to reach statistical
significance, the difference in her performance on this category across modalities was not
very large. Also, it should be noted that she named 9/10 of the finits and vegetables
correctly. This case does not, therefore, seem to constitute a strong example of a category
by modality interaction.

3.9.2.2.2 Case study 2: Patient AW

In contrast to Patient EB, patient AW shows a deficit for fruits and vegetables that is only
apparent with verbal stimuli. However, there is a trend towards poorer performance with
finits and vegetables in both modalities. When his scores on this category were compared
across modalities using a t-test, no significant effect of modality was found. Therefore,
although this patient may have a deficit that is specific to the category of finits and
vegetables, there wonld not appear to be sufficient evidence to argue that this deficit is also
modality-specific.
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3.9.2.2.3 Case study 3: Patient BL

Patient BL seems to have an impairment for the category of animals that is confined to the
verbal modality. Unlike the previous cases, this deficit was quite marked. When animals
were presented visually, she answered 76% of the probe questions correctly, as compared
to only 44% when they were presented verbally. A t-test confirmed that questions about
animals were answered more poorly in the verbal modality than in the visual modality (t =
3.75, df = 9; 2-tail p < 0.01). By contrast, her scores on the other categories were virtually
identical across modalities. In addition, her errors did not appear to be confined to questions
that might be considered to be quite difficult, as was the case for EB and AW. Some
examples of her responses are given in Table 3.9. It can be seen that the difference between
her responses in the two modalities was quite marked. On this evidence, therefore, patient
BL appears to exhibit a semantic deficit that is both category-specific and modality-specific.
For this reason, this patient was tested on this section of the test battery a second time.

Table 3.9: Examples of BL*s responses to visual and verbal stimuli

Stimulus

Question

Picture

Word

Cow

What type of animal?
Where does it live?
How big is it?
What does it eat?

Farm
Stable
Bigger than a cat
Grass

House-pet
Kennel
Bigger than a cat
Meat

Horse

What type of animal?
Where does it live?
How big is it?
What does it eat?

Farm
Stable
Bigger than a cat
Grain

House-pet
Kennel
Same size as a cat
Bamboo shoots

3.9.2.2.4 Patient BL: Results of repeated testing

BL was re-tested two weeks after the initial testing sessions. Her scores for this second
session are given in Table 3.10. Once again she demonstrated better semantic knowledge
when visual rather than verbal stimuli were used (t = 2.05, df = 39; 2-tail p < 0.05), but

109

there was no significant eflfect of semantic category on her responses in either modality.

The data from the second session are of little help in clarifying whether her deficit may be
considered to be one of semantic access or storage. In the second session there was a
significant degree of consistency in her performance across modalities (C = 0.23, p < 0.005),
suggesting that stored semantic representations were impaired. However, while her scores
on the verbal stimuli were consistent across the first and second administration of the battery
(C = 0.22, p < 0.005), there was no significant degree of consistency across sessions for
visual stimuli (C = 0.12).^ Furthermore, there was not any advantage of high word frequency
on picture naming (mean frequency of named items = 41; mean frequency of unnamed items
= 72). Her performance in terms of superordinate versus subordinate level knowledge
showed the opposite trend in terms of modalities to her performance when she was initially
tested, i.e. there was an advantage for superordinate level information with visual stimuli
= 9.97, df = 1; p < 0.01) but not with verbal stimuli.

Table 3.10: Results of repeated testing of BL

Modality

Total Number of Probe Questions Correct
Animals
n = 50

Fruit/Veg.
n = 50

Man-Made
n = 50

Pictures

28

34

32

Words

22

32

26

3.9.2.3 Effects of question type

When the results for individual patients were examined in terms of question type, only AB's
performance was shown to be significantly affected by this variable (Pictures;
df = 2; p < 0.001; Words:

= 24.27,

= 23.07, df = 2; p < 0.001). However, this was the result of

^ However, it should be noted that Shallice (personal communication) has suggested that only contingency
coefficients greater than 0.35 should be considered to be indicative of a storage impairment, in which case the
consistency data for this patient would implicate an access deficit.
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his perseverative responses to the "size" question.

3.10 Discussion

3.10.1 The absence of picture superiority: Theoretical implications

This study did not produce any evidence to support the view that superior retrieval of
semantic knowledge from pictures rather than words is a necessary consequence of damage
to stored semantic representations. A number of patients in this group appeared to have
storage deficits, and yet only one patient (BL) demonstrated superior retrieval of semantic
information from pictures rather than words. This general absence of picture superiority
effects cannot be explained in terms of visual-perceptual problems, as 50% of the patients
passed the object decision test. One of this subset of patients (AW) actually demonstrated
significantly better retrieval of semantic knowledge from words rather than pictures.

These results are problematic for any theory of semantic processing which predicts that
picture superiority will be a necessary consequence of damage to stored semantic
representations. Such theories include the Identification Procedures model and OUCH.

The majority of the patients did not demonstrate any significant effect of input modality on
their performance. The most parsimonious explanation for this is that all input modalities
have equal access to a single semantic system, as stated by the simple unitary semantics
hypothesis. This would mean that damage to stored semantic representations would affect
all input modalities to an equal extent. This finding is also compatible with the Cascade
model of unitary semantics. According to this model, any pictorial advantage would have
to be supported by information stored in structural descriptions. As relatively few visualperceptual questions were included in the present study, little pictorial advantage would be
expected. The absence of an effect of input modality is also compatible with the ModalitySpecific Content hypothesis, as it would be possible for visual and verbal semantic
subsystems to sustain comparable degrees of damage.

Ill

However, there were some patients whose semantic deficit did seem to be more severe in
one input modality than the other. For example, patient AW (who appeared to have a
storage deficit) demonstrated superior retrieval of semantic knowledge fi'om words rather
than pictures. This type of observation is difficult to explain in terms of the simple unitary
semantics hypothesis, and is also problematic for the modified versions of the unitary
semantics hypothesis. By contrast, modality effects are easily accounted for by the ModalitySpecific Content hypothesis, as it would be possible for one of the modality-specific
semantic subsystems to be more severely impaired than the other.

One way of testing competing theories of semantic processing is to examine the consistency
of patients' performance across tasks that involve different input modalities. In the present
study, it was observed that the performance of some patients (e.g. GH and EB) was
consistent across modalities. The most parsimonious explanation for this consistency is that
representations within a single, amodal semantic system were impaired. The extent to which
such consistency could be produced by damage to functionally separable, modality-specific
semantic subsystems is debatable. However, there were also a number of patients (who
also appeared to have storage deficits, e.g. AW and FD) who failed to show consistent
performance across modalities. Observations of this type are more compatible with the view
that there are multiple semantic subsystems. It can be seen, therefore, that the evidence from
the patients' consistency of performance across modalities is somewhat equivocal with
regard to the issue of whether or not there are multiple semantic subsystems.

Another method of comparing unitary and multiple semantics accounts is to compare intra
modality consistency with inter-modality consistency. Unitary semantics models predict that
consistency will be equivalent within and between input modalities, while multiple semantics
models predict that intra-modality consistency will be greater than inter-modality
consistency. However, the present group of patients could only be tested on the semantic
battery once, meaning that an evaluation of their intra-modality consistency was not
possible. The data that were obtained on the patients' consistency of performance in the

The degree of consistency would presumably depend on the extent to which the factors which determined the
vulnerability of concepts to the effects of brain damage were similar across subsystems.
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present study are not, therefore, sufficient to discriminate between these accounts.

3.10.2 The absence of picture superiority: Possible causes

It can be seen that the results obtained in the present study were very different to those
obtained by Chertkow et al. There are a number of possible explanations for this apparent
contradiction.

As noted above, in the present study, great care was taken to avoid the use of probe
questions that could be answered on the basis of information visible in the pictorial stimuli.
In addition, the distractor responses were designed so as to be compatible with the
perceptual features of the target object. These steps were taken in order to ehminate any
artifactual advantage for pictures. Such an artifact may have contributed to the picture
superiority effect observed by Chertkow et al.

A related factor is that few of the probe questions that were used in the present study
addressed perceptual attributes. This was because it was difficult to formulate questions of
this type that could not be answered on the basis of information that was visible in the
pictures." By contrast, half of the probe questions that were asked about each concept in
the studies conducted by Chertkow

al. addressed perceptual attributes. This may have

increased the number of questions that could be answered on the basis of information visible
in the pictures, and hence produced an apparent advantage for pictorial stimuli. Another
possible reason for the discrepancy between the results of the present study and those
reported by Chertkow et al. is that in this study the modality of stimulus presentation was
counter-balanced across testing sessions.

" The only percq)tual questions used were a question about the size of each item, and a question about texture
for the category of fruits and vegetables.
It should be noted that, as both Chertkow et al. and Caramazza et al. have taken pains to assert that their
models do not predict that picture superiority will be limited to perceptual attributes, the general absence of
picture superiority effects in the present study cannot be attributed to the small number of perceptual questions
asked.
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Finally, it is possible that the data reported by Chertkow et al. were distorted by the
inclusion of patients with access disorders (see section 3.10.3 below).

3.10.3 The identification of deficits of semantic storage and semantic access

When their pattern of performance on the relevant criteria was examined, some of the
patients in this group (e.g. patient RV) were difficult to classify in terms of the
access/storage dichotomy. There are two possible interpretations of this finding. The first
is that the "anomalous" patterns of performance were the result of mixed disorders. In other
words, it could be argued that some of the patients had a combination of access and storage
impairments. An alternative interpretation is that such patterns of performance suggest that
the classificatory criteria proposed by Warrington and Shallice are invalid. Indeed, some
authors have argued that the empirical evidence for such distinctive patient types is far fi’om
compelling (see, for example, Rapp and Caramazza [1993]; but see also Warrington and
Cipolotti [in press] for a counter-argument).

However, none of the patients described in the present study demonstrated a pattern of
performance that was so clear-cut as to be considered to be totally incompatible with the
access/storage dichotomy (particularly if the possibility of mixed disorders is taken into
account). The patients who demonstrated patterns of performance that were difficult to
interpret in terms of the dichotomy tended to be those who had difficulty with auditory
lexical decision or object decision. The possibility that pre-semantic processing deficits
contributed to their difficulties on the semantic tasks makes their pattern of performance on
the access/storage measures more difficult to interpret. The results obtained from these
patients are not, therefore, sufficiently clear-cut to constitute strong evidence against the
access/storage criteria themselves.

However, the present findings are more relevant to the issue of whether or not it is valid to
apply the access/storage criteria to data that have been averaged across patients. In the

" None of the patients demonstrated a pattern of perfonnance that could be explained entirely in terms of presemantic processing deficits. All of the patients performed below the normal range on probe questions about both
pictures and words, despite the fact diat none of them demonstrated pre-semantic impairments in both modalities.
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present study, the group's collective pattern of performance seemed to implicate a storage
deficit. The patients demonstrated significant effects of word frequency on their picture
naming, superior semantic knowledge about named rather than unnamed items (i.e.
consistency across tasks) and better superordinate- than subordinate-level knowledge.
However, as previously noted, when the performance of individual patients was examined,
the pattern was not so clear-cut. Thus it would appear that even a very mixed group can
produce a pattern of performance that appears to be indicative of a storage deficit when data
are averaged across patients. A group whose collective pattern of performance indicates a
storage deficit may, therefore, actually be composed of a mixture of access patients, storage
patients and/or patients with mixed access/storage deficits. This means that erroneous
conclusions may be drawn if other aspects of the group's performance are interpreted in the
context of an assumption that the group is composed of patients with storage deficits.

For example, Chertkow et al. reported that their patients' collective pattern of performance
implicated a storage deficit. However, it is possible that some of the patients in the group
actually had access deficits or mixed access/storage deficits. If this were the case, then the
fact that, across subjects, semantic knowledge was retrieved more successfully from pictures
than fi-om words would not necessarily indicate that damage to stored semantic
representations gives rise to picture superiority effects. For example, if the group included
some patients who had difficulty in accessing semantic information from verbal input, this
could have contributed to the observed picture superiority effect.

Whether the group tested by Chertkow et al. actually did include any patients with access
deficits cannot, of course, be established here. If the group did not include any access
patients, then the fact that a picture superiority effect was observed by Chertkow et al. but
not in the present study would have to be explained in terms of other factors, such as the
way in which probe questions were designed. However, the results of the present study do
indicate that a storage pattern across patients can be produced by a group of patients that
is, in fact, very mixed. This finding suggests that it may preferable to use data for individual
patients rather than group data when categorizing patients in terms of the access/storage
dichotomy.
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3.10.4 Category effects and confounding variables

The performance of several patients was found to be affected by the taxonomic category to
which the target stimulus belonged, even after the effects of a number of potentially
confounding variables were taken into account. These category-specific effects either
consisted of a disadvantage for a particular category of living things, or an advantage for the
man-made category. The fact that none of these effects involved an advantage for a living
category over the man-made category suggests that either the items/questions used for the
living categories were more difficult than those used for the man-made category, or that the
semantic representations of living things are generally less resistant to the effects of brain
damage than the representations of non-living things. Either of these effects could be caused
by characteristics of the stimuli other than their animacy. In either case, the general trend
for probe questions to be answered more successfully for living than non-living things
suggests that the members of these categories differ from one another on more dimensions
than were taken into account in the present experiment.

It is apparent that living and non-hving things differ from one another on a large number of
dimensions (such as size, dangerousness, operativity, etc). However, there are a number of
practical and theoretical difficulties involved in attempting to partial out the effects of such
characteristics. On a practical level, there is the problem of collecting ratings for each item
on aU of the dimensions that are potentially relevant. Even if this could be done, the ratio
of the number of predictor variables to the number of data points in a study of this kind
would make any meaningful analysis very difficult. On a more theoretical level, there is the
difficulty of determining which factors should be treated as true "nuisance variables" (and
whose effects should therefore be partialled out), and which factors should be considered
to be intrinsic to the concepts themselves. The decision is not a simple one even for factors

This is not to say that all category effects are artifacts of task difhculty, but onty that such factors may have
contributed to the pattern of results obtained in the present study.
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which, at first, appear to be clear examples of nuisance variables. For example, it could be
argued that a factor such as word fi'equency cannot be considered in isolation. The
frequency with which a word is used is not arbitrary, and must be determined by many
factors. Some of these factors, such as concept familiarity, have been identified as being
significantly correlated with word frequency. However, there are presumably many others,
such as the concept's usefulness, pleasantness, salience and so on. This means that when the
effects of a factor such as word fi'equency are partialled out, there is no way of knowing the
extent to which the effects of other characteristics that are important to the meaning of
concepts are also being partialled out. Take, for example, the word "chocolate". Amongst
the factors that determine the frequency with which this word is used would be the
pleasantness of the concept. Therefore, if the effects of frequency were partialled out, part
of the effect of the concept's pleasantness might also be partialled out. The problem then
arises of whether the effects of pleasantness should be partialled out at all, as it could be
argued that pleasantness is an intrinsic characteristic of the concept "chocolate". In other
words, it is difScult to determine the extent to which one may continue to partial out the
effects of "confounding factors" without also partialling out the effects of characteristics
which are important in the meaning of concepts. Once the effects of factors such as
frequency, familiarity, age of acquisition etc, have been taken into account, it is not clear
what one is left with. The resulting values may be rather unreliable, since much of what is
peculiar to individual concepts may have been removed. A possible solution to this problem
would be to try to match category exemplars on these factors, but there would be a limit to
the extent to which this would be possible.

However, more interesting than the simple effects of semantic category was the observation
of a possible interaction between the effects of stimulus modality and category on the
performance of patient BL (although this observation was not replicated when she was
tested a second time). This deficit was particularly interesting in that it affected the verbal
modality, and therefore could not be explained in terms of the particular visual
characteristics of animals. BL's pattern of performance appeared to be similar to that of
patient TOB (McCarthy and Warrington 1988; 1990), who demonstrated a semantic deficit
for living things that was confined to the verbal modality.
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McCarthy and Warrington have suggested that category-specific deficits are most plausibly
considered as arising from damage to stored semantic representations, arguing that "For a
category-specific deficit to arise in the first place it is necessary that the information should
have already been categorized along a semantic dimension" (1988, p. 428). If this is the
case, then deficits which are both category-specific and modality-specific would appear to
be diflBcult to explain in terms of the simple unitary semantics hypothesis. This is because,
within this model, modality-specific effects must be interpreted in terms of access deficits.
It could, therefore, be argued that examples of deficits that are both category-specific and
modality-specific constitute strong evidence in favour of the view that there are multiple,
modality-specific semantic subsystems. However, it should be noted that patient BL is not
as good an example of this type of deficit as TOB, as her pattern of performance was not
consistent across time.

Possible explanations for category-specific deficits of semantic memory will be examined
in more detail in Chapter 6.

3.10.5 EfTects of question type

When results were analyzed over subjects, an interaction between stimulus modality and
question-type was observed. This was the result of functional questions being answered
more successfijlly fi'om words than fi'om pictures.

An interaction of this type would appear to be most easily explained in terms of the
Modality-Specific Content hypothesis. According to this model, pictures have privileged
access to information about the visual attributes of objects (such as size), while words have
privileged access to information about non-visual attributes (such as function). The effect
of input modality would therefore be expected to be modified by the type of question asked.
However, as size questions were not answered more successfully fi'om pictures than fi'om
words, these results provide only partial support for this model.

More importantly, it should be noted that an interaction between stimulus modality and
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question type was only observed when data were averaged across subjects. For the reasons
outlined above, this is not the ideal form of data from which to draw theoretical conclusions.
When the data for individual subjects were examined, no effect of question type was
observed in either modality. This complete absence of an effect of question type is most
easily explained in terms of the simple unitary semantics hypothesis. It remains possible,
however, that the effect of question type was simply too weak to reach statistical
significance for individual subjects.

3.11 Conclusions

No evidence was found in the present study to support the view that picture superiority will
be a necessary consequence of damage to stored semantic representations. This finding is
problematic for both the Identification Procedures theory and OUCH.

The most parsimonious explanation for the general absence of picture superiority effects is
that all input modalities have direct access to a single semantic system, as stated by the
simple unitary semantics hypothesis. The fact that there was no interaction between the
effects of stimulus modality and question-type on the performance of individual subjects is
also compatible with this model.

However, some other aspects of the data favoured the view that there are multiple,
modality-specific semantic systems. For example, patient AW (who appeared to have
sustained damage to stored semantic representations) demonstrated superior retrieval of
semantic knowledge from words than from pictures. In addition, patient BL (when first
tested) demonstrated a deficit for the category of animals that was more severe in the verbal
modality. These findings appear to be incompatible with the view that there is only a single,
amodal semantic system.

Overall, only the simple unitary semantics hypothesis and the Modality-Specific Content
hypothesis received any support from this study. The Identification Procedures theory and
OUCH were not supported by the data. One important way in which the simple unitary
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semantics hypothesis and the Modality-Specific Content hypothesis differ fi'om one another
is that the former states that all input modalities have direct access to all types of semantic
information, while the latter states that different input modalities have privileged access to
difierent types of semantic knowledge. The relationship between different input modalities
and different types of semantic information will therefore be examined in more detail in the
next chapter.

Finally, a number of practical conclusions may be drawn fi'om this study. First, the
importance of taking great care over the formulation of probe questions has been
underlined. Second, the results of the study indicate that it may be preferable to use data for
individual subjects rather than group data when classifying semantic impairments as access
deficits or storage deficits.
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Chapter 4

The Organization of Semantic Memory:
Evidence from Reaction-Time Studies using Normal Subjects

4.1 Overview

The question of how semantic knowledge is organized has also been addressed using studies
of normal subjects. The particular question of interest here is whether semantic memory is
organized to any extent by input modality. A common approach to this problem has been
to examine the response latencies of normal subjects when they are asked to make semantic
decisions about concepts that are presented as pictures and words.

4.2 Support for the multiple semantics hypothesis from reaction-time studies

Paivio (1975; 1978) has claimed that evidence from reaction-time studies of normal subjects
supports the view that there are multiple semantic systems. Paivio's dual-coding theory
(1971; 1974) is very similar to the multiple semantics models that have been put forward by
some authors to account for data collected from neurological patients. The theory states that
knowledge is represented in independent but interconnected verbal and non-verbal systems,
which are differentially accessible from verbal and non-verbal stimuli. Linguistic stimuli,
such as printed words, have privileged access to the verbal system, whereas non-verbal
stimuli, such as pictures, have more direct access to the non-verbal system. In addition, the
two systems have different structural and functional characteristics. The verbal system is
specialized for representing and processing linguistic information, whereas the non-verbal
system represents and processes perceptual information concerning concrete objects and
events. Furthermore, Paivio has argued that semantic representations within the non-verbal
system have analog or continuous characteristics, rather than being digital or discrete. Hence
he has argued that representations within this system "contain information that bears a
continuous (analog) relation to the perceptual information directly aroused by the perceptual
objects themselves" (1978 p. 199). Thus, for example, representations in this system would
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reflect the relative sizes of the objects that they represent, rather than simply categorizing
objects in discrete linguistic terms such as large, medium or small. Finally, Paivio has
suggested that visual imagery is the mode in which such analog information is stored.

Paivio has claimed that a number of observations from reaction-time studies of normal
subjects support the visual component of this dual-coding model. Two of these observations
- symbolic distance effects and picture superiority effects - have received particular
attention.

4.2.1 Symbolic distance effects

Moyer (1973) found that when subjects were shown pairs of animal names and asked to
judge which animal was the larger, reaction times decreased as the difference between the
rated sizes of the animals increased. Moyer and Bayer (1976) referred to this inverse
relationship between the time taken to compare two symbols and the distance between their
referents on the judged dimension as the "symbolic distance effect". The similarity of these
results to those obtained when subjects are asked to compare the sizes of stimuli that are
actually physically presented (Curtis, Paulos and Rule 1973) led Moyer to suggest that
subjects make some kind of "internal psychophysical judgement" among memory
representations. It was suggested that these representations have analog characteristics, in
that the relationships that hold amongst them reflect the relationships that exist amongst the
objects themselves.

In an extension of Moyer's study, Paivio (1975) found that reaction times were negatively
related to the ratios of the rated sizes of the objects, suggesting that the memorial
representations used to make such comparisons contain interval information about the
degree to which objects differ in size, rather than just the ordinal rankings of objects along
this dimension. This suggests that the long-term memory representations used to make such
judgements have analog characteristics. Paivio has argued that the symbolic distance effects
observed when subjects are asked to make size comparisons therefore support the existence
of the visual component of his dual-coding model
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However, Kerst and Howard (1977) argued that if comparisons along abstract dimensions
also produced symbolic distance effects, then the distinction between visual and verbal
processes in terms of analog versus discrete representations would be undermined. In their
study, subjects were asked to compare pairs of animal, country or car names in terms of
concrete and abstract dimensions. The concrete dimension used was size, while the abstract
dimensions used for the three categories were ferociousness, mihtary power and cost,
respectively. These authors observed a significant tendency for reaction time to decrease as
the symbolic distance between members of a pair increased. In addition, it was observed that
comparison times on both concrete and abstract dimensions were better predicted by the
interval rather than the ordinal distance between test pairs. This suggests that comparison
processes for both concrete and abstract dimensions involve analog representations. Kerst
and Howard argued that the most parsimonious explanation of this pattern of results would
be that both concrete and abstract knowledge is represented in a single amodal code which
has analog properties. However, they also acknowledged that these data were not
inconsistent with a model in which concrete perceptual information and abstract information
are stored by different kinds of memorial representation (e.g. a visual imagery code and an
amodal code, respectively) if it is posited that both codes have analog properties. In other
words, concrete and abstract judgements could involve different mental operations which
have similar temporal characteristics. However, these authors emphasized that the
observation of a symbolic distance effect for abstract comparisons meant that the existence
of the visual component of a dual-coding model could not be supported by the observation
of symbolic-distance effects alone. The distinction between visual and verbal processes must
therefore be justified by other sources of evidence if a dual-coding model is to be supported.

4.2.2 Picture superiority effects

Paivio has argued that the visual component of a dual-coding model is also supported by the
observation that size judgements are made more quickly for pictures than for words (Paivio
1975). This pattern of results is predicted by the dual-coding model, as according to this
hypothesis, pictures have direct access to visual-perceptual information about objects.
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whereas words may only access this information indirectly, via the verbal system.

However, the claim that picture-word differences in response latencies support the
distinction between visual and verbal systems has been contested. This is because picture
superiority effects have also been found using comparisons on abstract dimensions Banks
and Flora (1977) replicated the finding of faster reaction times for pictures than words in
a size comparison task, but also found the same effect for comparisons on an abstract
dimension (the intelligence of animals). These authors argued that the pictorial advantage
in the latter task would not be predicted by a dual-coding model, as a response could not
be computed on the basis of visual imagery. They argued instead that the picture superiority
effect occurs because initial interpretation is faster for pictures than words, and that
following this interpretation, processing is the same for both kinds of stimuli. A number of
possible explanations for the initial advantage of pictures over words were suggested. For
example, it was suggested that an advantage of this type could arise because pictures are
less ambiguous than words, because they contain more information, or because they avoid
a phonemic recoding stage.

4.3 Paivio's defence of the dual-coding model

Paivio (1978) replicated the finding of a picture superiority effect and a symbolic distance
effect on abstract comparisons, using the dimensions of pleasantness/unpleasantness and
cost. However, he argued that such findings are completely consistent with a dual-coding
model, as pleasantness and cost, though conceptually abstract, are primarily characteristics
o f things rather than words, and are therefore represented in and processed by a system
specialized for dealing with non-verbal information. As, within a dual-coding model, pictures
are held to have more direct access to non-verbal information than words, faster reactiontimes with the former type of stimuli would be predicted.

Paivio argued that the fact that the information involved in making judgements about
pleasantness and cost has analog characteristics suggests that this information is more
closely associated with the image system than with the verbal system. However, he
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conceded that the information involved cannot be unidimensional visual information, as
such information is not directly correlated with pleasantness or value. Instead, he argued
that the relevant analog information may be carried by interoceptive and motor-response
systems that mediate affective reactions. These motor memories could be activated by
pictures or, more indirectly, by the names of objects when accompanied by particular
contextual cues. Imaginai representations could then be viewed either as integrated units,
incorporating visual, auditory, affective and motor information (see also Paivio, 1972), or
as consisting of a core representation based on form, with other properties stored as
associative information. Within both formulations, the sensory-motor information associated
with non-verbal objects would be stored in the non-verbal system.

This modified version of the dual-coding model appears to be able to account for the
symbolic distance effects and picture-superiority effects that have been observed using
comparisons on abstract dimensions. In addition, the explanation of picture superiority
efects within a common-coding fi’amework (i.e. that pictures have a constant advantage in
semantic access) has been undermined by the observation of an interaction between stimulus
modality and question type. Te Linde (1982) found that picture pairs produced faster
reaction times than word pairs when subjects were required to decide if two items were of
a similar size, but there was no effect of input modality when subjects had to decide if the
tvo items were associates of one another (see |Table 4.1). Te Linde argued that these data
cculd be accounted for by a dual-coding model in which size information is stored only in
ths image system, whereas associative information is stored in both the image system and
the verbal system. He suggested that a prediction of such a model would be that for
associative decisions, reaction times for mixed-modality pairs would be longer than for
siagle-modality pairs, because in the former case the items would require conversion to a
siigle symbolic code (either visual or verbal) before a decision could be made. For decisions
of size, however, reaction times for mixed-modality pairs would be faster than reaction times
f a word-word pairs, because in the former case only one of the items would need to be
trmslated into a visual code. Common-coding models would predict that mixed-modality
pars would produce intermediate reaction times, regardless of decision type. In a second
experiment, te Linde observed that decisions about size for mixed-modality pairs were
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slower than for picture pairs and faster than for word pairs, as predicted by the dual-coding
model. However, stimulus modality did not affect response latencies for decisions of
associative relatedness.

Table 4.1: Mean reaction-times for decisions about size and associative relatedness (Te
Linde 1982)

Pictures

Words

Size

1195 msec

1728 msec

Association

948 msec

1113 msec

Te Linde argued that the dual-coding model would need to be modified in order to account
for the results obtained with mixed-modality pairs. One hypothesis that he put forward was
that connections between the visual and verbal systems may exist at an associative level as
well as at a referential level. This would mean that associative decisions about mixedmodality pairs could be made without any translation between codes being necessary. A
second hypothesis was that there may be a common, abstract level of representation (in
addition to the two modality-specific systems) that is equally accessible to both pictures and
words.

However, such modifications may be unnecessary. These results may be explained in terms
of a dual-coding model in which the information used to make associative decisions is stored
solely within the verbal system, if it is also proposed that pictures have a pre-semantic
processing advantage over words. (Note that although the observed interaction between
stimulus modality and question type indicates that a pre-semantic processing advantage for
pictures cannot be the sole fector determining picture-word differences, it does not rule out
the possibility that an advantage of this type exists.) Within this fi’amework, the lack of an
effect of stimulus modality on associative decisions would be explained by the fact that
privileged access to the relevant information fi-om words would be off-set by the presemantic processing advantage of pictures No effect of stimulus modality would be
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expected if the route taken by pictures (i.e. rapid pre-semantic processing followed by
indirect access to the verbal system) took a similar amount of time to complete as the route
taken by words (i.e. slower pre-semantic processing, but more direct access to the verbal
system). Overall, therefore, this pattern of results would appear to be more compatible with
a dual-coding model than with a unitary semantics model in which picture-word differences
are explained in terms of a constant processing advantage for pictures.

However, Paivio's modified version of the dual-coding model differs in some important
respects fi*om the way in which the multiple semantics hypothesis has typically been
characterized in the neuropsychological literature. For example, Paivio has asserted that
representations within the verbal system "do not in themselves "carry" any information that
is directly related to the non-verbal world. They do so only by virtue of their connections
with the image system" (Paivio 1980, p. 136). By contrast, within the neuropsychological
literature, the concept of verbal semantics has often been assumed to incorporate many types
of knowledge about real-life objects. Many authors have asserted that information about the
non-visual (or at least non-sensory) properties of objects is stored in the verbal system. For
example, Silveri and Gainotti (1988) suggest that damage to the visual semantic system
would disrupt knowledge about the visual-perceptual features of objects, but would leave
functional knowledge (which is stored in the non-visual system) intact. Similarly, Hart and
Gordon (1992) state that "knowledge of... (functional) properties lies only in the language
system" (p. 63). Shallice (1988; 1993) has argued that, while visual stimuli may have
privileged access to some types of semantic information (e.g. the visual properties of an
object that are not directly observable, or knowledge about other objects which are likely
to be found in the vicinity), there are other types of information for which this would not
necessarily be the case (e.g. the habitat of an animal, or the function of an object).

The hypothesis that some types of knowledge about the properties of objects are at least
equally accessible fi^om words as fi'om pictures has not yet been supported by reaction-time
studies of normal subjects. The only study in which an interaction between stimulus modality
(picture or word) and question type (concrete or abstract) was observed, involved word
associative relatedness as the abstract dimension (te Linde 1982). The observed interaction
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was predicted on the basis that the association between some abstract concepts (such as
"law and order") may be represented solely within the verbal system, because such concepts
are used together in language. The stimulus pairs were chosen on the basis of wordassociation norms, and so consisted of pairs of words (such as "bread-butter" and "tablechair") which are associated with one another in a purely verbal sense, as standard phrases
(although they are also conceptually related to one another). Indeed, a number of authors
have argued that association strength reflects the fi'equent co-occurrence of particular words
in the language, rather than the semantic relationship between them (Glosser and Friedman
1991; Moss, Ostrin, Tyler and Marslen-Wilson in press; Shelton and Martin 1992). This
means that judgements of associative relatedness could be supported by purely verbal
knowledge, rather than knowledge about the properties of real-world objects. According
to the dual-coding model, words have direct access to verbal information, and so would not
be expected to be at a disadvantage relative to pictures on judgements of associative
relatedness. By contrast, size judgements would require information stored in the visual
system, and so words would be at a disadvantage for this type of decision. The observed
interaction between stimulus modality and question type may therefore be accommodated
by Paivio's assertion that the visual and verbal systems differ in that they deal with
"properties of things" and "properties of words" respectively. However, these results do not
provide any evidence as to whether words have direct access to other types of semantic
information (such as knowledge about the functions of objects) that have been suggested
to be stored within the non-visual system in the neuropsychological literature. In other
words, it is possible that verbal stimuli have direct access to some types of semantic
information beyond purely verbal knowledge, such as word associations.^

More recently, Paivio has modified his model of semantic memory in order to account for
results obtained when subjects are asked to make judgements about colour. Paivio and te
Linde (1980) found that when subjects were asked to compare pairs of stimuli for
brightness, or to match stimuli with appropriate colour names or colour chips, no picture

*It should also be noted that te Linde used different stimuli for judgements of size and judgements of associative
relatedness. It could, therefore, be argued that the observed interaction between stimulus modality and question
type may have been the result of different characteristics (e.g. recognizability of the pictures) of the two stimulus
sets.
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superiority effects emerged (see also te Linde and Paivio 1979). Paivio (1980) suggested
that the contrasting results that are obtained with different dimensions may be explained by
making a theoretical distinction between intrinsic and associative properties of internal
representations. He argued that form is the essential, intrinsic property of the internal
representations activated by both pictures and words. Other properties may be merely
associative, in that they are not intrinsic aspects of the core representation of an object. He
argued that colour may be an associative rather than an intrinsic attribute of concepts in that
it can be varied or removed without altering the identity of most objects. He suggested that
it would therefore be convenient for the brain to abstract colour out of the shape of an
object and store information about shape and colour in separate systems. The internal
representations of colours could therefore develop independent connections with the shapes
of objects and their names, meaning that colour attributes would be equally accessible from
line drawings and printed words. However, Paivio suggested that pleasantness, value,
intelligence and even size may be also viewed as associative rather than intrinsic attributes
of objects. If this were the case, then presumably the representations for each of these
properties could also develop equal connections with both line drawings and printed words.
This would mean that no picture superiority effect would be expected even for judgements
on a dimension such as size. As this theory does not provide any basis for predicting which
types of judgements will give rise to picture-superiority effects in reaction-time tasks, it does
not appear to be a productive extension of the dual-coding model. Furthermore, knowledge
about the colour of objects has been recognized as something of a special case in the
neuropsychological literature. It has been demonstrated in a number of studies that this type
of knowledge may be selectively impaired in patients with intact object recognition
processes. For example, patient EB (Varney and Digre 1983) was severely impaired on all
tasks where he was required to identify the characteristic colours of objects. This deficit was
observed in the context of preserved colour vision, normal speech and intact colour
recognition. Varney and Digre concluded that this patient's performance reflected "a true
and complete forgetting of the chromatic attributes of familiar objects" (p. 549). Perhaps as
a consequence of this type of finding, neuropsychological models of semantic memory have
not generally made explicit proposals about the storage of colour information. It is not
possible, therefore, to assess whether the absence of picture superiority effects for
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judgements about colour attributes is a problem for such theories.

Overall, therefore, it would seem that the type of multiple semantics hypothesis that has
been put forward in the neuropsychological literature (i.e. which holds that the semantic
information stored in the verbal system extends beyond properties of words) has not yet
been supported by the results of reaction-time studies using normal subjects.

4.4 Shortcomings of the response-latency studies

Before it is assumed that the results from reaction-time studies of normal subjects constitute
a strong case against the multiple-semantics hypothesis as it has been characterized in the
neuropsychological literature, a number of shortcomings of these studies should be
addressed.

First, and most importantly, most of the studies which have examined judgements about the
type of abstract properties that are held, in the neuropsychological literature, to be stored
in the verbal semantic system have not examined judgements on visual and abstract
dimensions within the same experiment (e.g. Banks and Flora 1977; Paivio 1978). The
picture superiority effects that have been observed in these experiments may therefore be
explicable in terms of a constant advantage for pictures in pre-semantic processing or in
semantic access. In order to ascertain whether later stages of processing of pictures and
words are equivalent for both types of judgement, questions about visual and abstract
properties must be tested within the same experiment. The possibility that the magnitude of
the picture superiority effect would be modified by the type of question asked could then
be addressed.

Pellegrino, Rosinski, Chiesi and Siegel (1977) did study judgements on visual and abstract
dimensions within the same experiment, and did not observe any interaction between
stimulus modality and question type. However, one potential problem with this study is that
the superordinate category of concepts was used as the abstract dimension. The
superordinate category of objects was also used in a speeded inference task employed by
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Friedman and Bourne (1976) to compare inferences on concrete and abstract dimensions.
Friedman and Bourne claimed that, when making judgements about superordinate category
membership, "The subject cannot determine the solution from any physical feature of either
a picture or a word and must perform a deeper analysis to obtain the information he needs"
(p. 173). However, it is not clear that this is the case, as it would appear that many decisions
of this type could be made on the basis of individual perceptual features. For example, in the
study by Pellegrino and his colleagues, subjects were required to decide whether stimuli
were animals or objects. Since it is clear that a number of perceptual features (such as eyes,
paws etc.) would provide sufficient information to make this decision prior to the
identification of the individual concept, judgements on this dimension would appear to
provide a poor estimate of access times to semantic representations from pictorial stimuli.
Faster reaction-times to pictures rather than words for judgements on the abstract dimension
may therefore have been the result of judgements being made on the basis of perceptually
salient features when pictorial stimuli were presented.

Finally, it is possible that a number of the picture superiority effects reflect the format in
which stimuli were presented, rather than the nature of semantic access from different input
modalities. A number of the studies described above have employed a method whereby the
subject is presented with two stimuli simultaneously, and must make a judgement about their
relative values on a particular dimension (Paivio 1975, 1978; Banks and Flora 1977).-It is
therefore possible that the observed picture superiority effect is the result of some advantage
that pictures have with this type of presentation.^ For example, it may be that two pictures
can be processed in parallel, as a "scene", whereas words must be processed serially, as in
reading.^ Again, te Linde's observation of an interaction between stimulus modality and

^la order to detennine wheüier pictures and words are equally discriminable as visual patterns, te Linde ( 1982)
performed a s tu ^ of die recognition thresholds of the two types of stimuli. Pictures and words were presented
tachistoscopicady to subjects, using die ascending method of limits, until a correct identification was made.
Threshold differences between pictures and words were extremely small. Te Linde therefore concluded that
picture-word différences in response latency on semantic decisions are not likely to be due to differences in the
recognizability of pictures and words as individual visual patterns. However, in this study of recognition
thresholds, single rather than paired stimuli were used. It therefore remains possible that pictures have an
advantage over words when the latter style of presentation is used.
^Paivio (1982) has made a similar distinction between sequential and synchronous processing within his dual
coding model. He has argued that verbal processing is sequentially constrained (even for printed words), while
visual processing is synchronous. He has argued that one important characteristic of synchronous processing is
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question type demonstrates that this possibility could not explain all of the observed effects
of stimulus modality on response latencies. However, it could be an important contributing
factor to picture superiority effects, and constitutes another reason why they should not be
considered without taking into account the possibility of interactions between stimulus
modality and question type."^

4.5 Introduction to Experiment 4.1

The present study examined response latencies to pictures and words for judgements on
both a visual (viz. size) and a non-visual (viz. haimfiilness) dimension, in order to investigate
the possibility of an interaction between stimulus modality and question type directly. The
stimuli were chosen such that the visual and non-visual questions could not be answered on
the basis of perceptually salient features of the objects. In addition, the same items were
used as stimuli for both types of judgement, in order to rule out the possibility that any
observed interaction between stimulus modality and question type could be explained in
terms of a confound between materials and question type. Finally, stimuli were presented
singly rather than in pairs, in order to eliminate the effect of any possible difference in the
way in which pairs of pictorial and verbal stimuh are processed (e.g. parallel versus serial
processing). This study therefore avoids a number of the shortcomings of previous studies
that were noted in section 4.4.

As outlined in Chapter 2, the various neuropsychological models of semantic memory make
different predictions about the results that will be obtained in a study of this kind (see Table
2 . 1) .

that "relative^ complex representational information can be processed as an integrated unit - commonly referred
to as holistic or gestalt processing" (p. 269). The visual semantic system is therefore considered to be specialized
for dealing witii synchronously organized information that is simultaneously available for processing, or on which
synchronously functioning processes operate.
* A number of studies have used single stimuli (Potter and Faulconer 1975; Hogaboam and Pellegrino 1978;
Guenther, Klatzky and Putnam 1980) and still found picture superiority effects, but these studies used
superordinate category membership to represent an abstract dimension. As argued above, decisions of
superordinate category membership may be made on the basis of perceptual characteristics of pictorial stimuli,
and so caimot be held to be an accurate means of assessing access times to semantic representations themselves.
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The simple unitary semantics hypothesis must explain picture superiority effects in terms of
a constant processing advantage for pictures, and so this model predicts that any effect of
input modality will not be modified by the type of question asked.

OUCH predicts that when questions are chosen so as to minimise the possibility of their
being answered on the basis of perceptually salient attributes, the picture superiority effect
will be eliminated. In addition, there should not be any interaction between the effects of
input modality and the type of question asked. (If the additional assumption were made that
pictures have a constant advantage in pre-semantic processing, then the predictions of this
theory would be equivalent to those of the simple unitary semantics hypothesis.)

The results will not be interpreted in terms of the Identification Procedures theory because,
as argued in Chapters 1 and 2, this model is not, as yet, suited to making predictions of this
type.

The Modality-Specific Content version of the multiple semantics hypothesis predicts that
there will be an interaction between stimulus modality and question type, such that pictorial
stimuli will have a relative advantage on the visual question, and verbal stimuli will have a
relative advantage on the non-visual question. If, within the Cascade model of unitary
semantics, it is argued that information about size is stored in the structural description
system, and that words may only access this system via the amodal semantic network, then
the predictions of this theory are equivalent to those of the Modality-Specific Content
hypothesis in this situation.

4.6 Method

4.6.1 Design

The present experiment involved a 2 x 2 x 2 within-subjects design. The three factors were Stimulus Modality (picture or word). Question Type (visual or non-visual) and Stimulus List
(list 1 or list 2). The visual question was "Is this item larger than a briefcase?", and the non
visual question was "Is this item harmful?". The four main presentation conditions (picture-
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harm question, word-harm question, picture-size question and word-size question) were
counterbalanced across subjects according to a Latin square. Each subject performed the
same sequence twice. The stimulus list used (1 or 2) was alternated after each presentation
condition. In addition, half of the subjects began the sequence with list 1, and the other half
with list 2. This resulted in eight different condition sequences, and meant that each subject
saw each individual picture or word twice.

Each subject was tested for 160 reaction time trials, which were divided into eight blocks
o f 20 trials each. In addition, directly before beginning the experimental session, each
subject was given 48 practice trials, consisting of 12 trials for each of the 4 presentation
conditions.

4.6.2 Materials

The experiment was run on an IBM-compatible computer, using the Micro Experimental
Laboratory software.

There were 40 stimulus items, which are hsted in Appendix C. Each item appeared as both
a picture and a word. The pictures were line drawings taken from the Snodgrass and
Vanderwart (1980) set. Each picture was enlarged so that it occupied the maximum possible
area of a 12 x 9.5cm white box that appeared in the centre of the computer screen. The
word stimuli were the names of the items depicted in the line drawings. The words were
written in white lower-case letters on a black background, and were approximately 1cm in
height.

The picture stimuli and the word stimuli were each divided into two sets of 20 items (list 1
and list 2). In each set there were 5 items that were "harmful" and "larger than a briefcase",
5 that were "harmful" and "smaller than a briefcase", 5 that were "non-harmful" and "larger
than a briefcase" and 5 that were "non-harmful" and "smaller than a briefcase". The items
that appeared in the pictorial version of each list were the same as those whose names
appeared in the word version of that list.
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Prior to the experiment, a list of the names of potential stimuli were given to 8 subjects (who
did not participate in the rest of the experiment) who were asked to decide whether or not
each item was harmful. Only items on which all 8 subjects agreed were included as stimuli
in the experiment.

4.6.3 Subjects
Subjects were 16 post-graduate students attending University College London. Subjects
were each paid £2 for their participation.

4.6.4 Procedure
Subjects were instructed that they would see a number of stimuli (pictures and words). They
were told that for some blocks of stimuli, they would be asked to decide if each item was
larger than a briefcase, and that in answering this question length was to take priority over
width or volume. They were told that in other blocks, they would be required to decide
whether each item was harmful. They were instructed that all of the following were to be
considered harmful;-

1. Animals that can cause harm to humans, e.g. shark or wasp.
2. Objects that are designed to

cause harm, e.g. sword or dagger.

3. Objects that are not designed to be harmful, but which may cause harm if used carelessly,
e.g. razor or dart.
4. Items that may cause harm in the long term, e.g. alcohol.

Subjects were asked to respond using the 1 and 3 keys in the numerical keypad at the
bottom right-hand side of the keyboard (the keys represented "No" and "Yes" respectively).
They were requested to respond as quickly as possible without sacrificing accuracy.

Instructions at the beginning of each block informed the subject whether that block involved
pictures or words, and which question they would be required to answer. The subject
initiated each trial by pressing the space bar. Stimuli were presented individually in the
centre of the computer screen. Each stimulus was preceded by a fixation point consisting
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o f three white asterisks on a black background that appeared for 0 .5 seconds in the centre
o f the screen. The screen was blanked while the graphics for the picture or word were
generated, and at the top of the next display refresh cycle the screen was turned on.
Response times were recorded from the top of the refresh cycle. The picture or word
remained on the screen until the subject had made a response. Subjects were not given any
feedback regarding the accuracy or speed of their responses.

This procedure was repeated for the eight experimental blocks.

4.7 Results

Only reaction times from correct responses were analyzed. The maximum error rate for any
subject in any of the 4 experimental conditions was 10%. This reduces the likelihood of
there having been any significant speed-accuracy trade-off. The mean error rates for each
condition are given in Table 4.2. A 2 x 2 repeated-measures ANC VA demonstrated that
there was no significant effect of either Stimulus Modality or Question Type on error rates.
In addition, there was no significant interaction between these variables.

Table 4.2 Mean error rates by stimulus modality and question type

Pictures

Words

Harm Question

Mean
S.D.

4%
3%

4%
4%

Size Question

Mean
S.D.

3%
3%

4%
4%

The median reaction time for each subject in each block was calculated (medians for "yes"
and "no" responses were calculated separately).^ A Lilliefors test showed that the resulting
distribution of reaction times was strongly positively skewed (z = 0.15 df = 256, p <

’ Reaction-times were not summed because the fact that the analysis was restricted to correct responses meant
that the number of data points in each condition was not equal.
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0.0001). A reciprocal transformation was therefore carried out on the data. (A reciprocal
transformation was selected because this type of transformation produced the greatest
improvement in the shape of the distribution [following Howell 1992] .) Following this
transformation, the distribution was much closer to normal (z = 0.06 df = 256, p > 0.1) and
there was no significant degree of heterogeneity amongst the variances of each cell (Levene
statistic = 0.9, dfl = 15 df2 = 240, p > 0.5).

Table 4.3 shows the mean reaction times for each of the 4 main conditions. These data are
illustrated in Figure 4.1. It can be seen that the "harm" question was answered more quickly
in response to words than in response to pictures. For the "size" question, the opposite was
the case, i.e. this question was answered more quickly in response to pictures than to words.

Table 4.3: Mean reaction times by stimulus modality and question type

Pictures

Words

Harm Question

Raw Mean
S.D.
Transformed Mean

844
157
806

815
216
765

Size Question

Raw Mean
S.D.
Transformed Mean

788
188
743

829
219
777

Hie transformed means shown were calculated by canying out the reverse transformation (following Howell 1992).

In order to test this effect, the data were subjected t o a 2 x 2 x 2 x 2 repeated-measures
ANOVA (Stimulus Modality by Question Type by Stimulus List by Yes/No answer). None
of the main effects were statistically significant. However, there was a significant interaction
between Stimulus Modality and Question Type (F(l,15) = 20.26, p < 0.001). This
interaction is illustrated in Figure 4.1. The interaction seems to have been primarily the
result of slower reaction times to pictures for the "harm" question than for the "size"
question. Reaction times to words were similar for both questions. There was an additional
and unexpected interaction between Question Type and Stimulus List (F(l,15) = 37.18, p
< 0.001). However, there was no evidence of a 3-way interaction between Stimulus
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Modality, Question Type and Stimulus List (F(l,15) = 0.00, p > 0.9), and none of the other
interactions were significant.

The simple effect of modality within each question type was also investigated. It was found
that words produced significantly faster reaction times than pictures for the "harm” question
(F(l,15) = 9.08, p < 0.01), while pictures produced significantly faster reaction times than
words for the "size" question (F(l,15) = 5.27, p < 0.05).

Figure 4.1: Mean reaction times by stimulus modality and question type
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4.8 Discussion

The results of this study demonstrated a significant interaction between the effects of
stimulus modality (picture or word) and question type (visual or non-visual) on subjects'
reaction times. For the size question, pictures produced significantly faster reaction-times
than words, while the opposite was true for the harm question. These findings are
incompatible with unitary semantic theories which explain picture superiority effects in terms
of a constant processing advantage for pictures (either at a pre-semantic stage, or in
semantic access), as such theories would predict faster reaction-times for pictures for both
question types. The results are also incompatible with the predictions of OUCH, as this
theory predicts that picture superiority effects will be eliminated when questions are
designed so as not to be answerable on the basis of salient perceptual features of the
pictorial stimuli. The results are most easily explained by a model in which pictures have
privileged access to information about the perceptual properties of objects, whereas words
have privileged access to more abstract information. Both the Modality-Specific Content
hypothesis and the Cascade model of unitary semantics fit this description. It should be
noted that the version of the multiple semantics hypothesis that is compatible with this data
is of the kind that has been described in the neuropsychological literature - i.e. one in which
various types of non-visual information are stored in the verbal semantic system. That is, the
information that is stored in the verbal semantic system is not restricted to knowledge about
the verbal properties of words, as suggested by Paivio.

The observation that reaction times for size judgements were faster for pictures rather than
words was not surprising, as this effect has been observed by a number of authors. More
interesting was the observation that judgements about harmfulness were made more quickly
for words rather than pictures. This observation is at odds with the results obtained by other
authors who have examined judgements on abstract dimensions. There are a number of
possible reasons for this discrepancy.

It was argued above that one problem with previous studies is that visual and non-visual
dimensions were not examined within the same experiment. Any possible modification of
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the efifects of input modality by the type of question asked could not, therefore, be explored.
It was suggested that it was possible that a general, pre-semantic processing advantage for
pictures had obscured differences in the higher-level processing of pictures and words for
visual and non-visual decisions. However, the interaction between stimulus modality and
question type that was observed in the present experiment cannot be explained in terms of
a general advantage for pictures that was simply less pronounced when judgements were
made on a non-visual rather than a visual dimension. There was actually an advantage for
words on the non-visual dimension. The fact that judgements on abstract dimensions have
produced picture superiority effects in previous experiments, but produced a word
superiority effect in the present experiment therefore remains in need of explanation.

As previously outlined, some of the studies where a picture superiority effect was found on
an abstract dimension used superordinate category membership as the abstract dimension.
It was argued that judgements of this type may be made on the basis of perceptual features
of the stimuli. By contrast, the abstract question used in the present study was specifically
chosen so as not to be answerable in this way. The fact that different patterns of results were
obtained is therefore, perhaps, not surprising. However, picture superiority effects on
abstract dimensions have also been found in studies in which the abstract dimension used
would not appear to bear a simple relationship to perceptual features of the stimuli (e.g.
pleasantness/ unpleasantness, cost and intelligence). The fact that the abstract question used
in the present study could not be answered on the basis of perceptual features is not,
therefore, sufficient to explain the absence of a picture superiority effect.

A further way in which the present study differed from some other studies of judgements
on abstract dimensions was that single rather than paired stimuli were used. It was argued
above that the use of paired stimuli may contribute to picture superiority effects if pictures
may be processed in parallel while words must be processed serially. It is possible, therefore,
that the contrasting patterns of results obtained in the present experiment and previous
studies arose because of this difference in method of stimulus presentation. However, as it
remains possible that the difference was caused by more trivial factors, such as particular
characteristics of the stimulus sets or subtle differences in the dimensions used, the
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possibility of an effect of the style of stimulus presentation should be tested directly.

4.9 Introduction to Experiment 4.2

This experiment was designed to replicate the word superiority effect that was obtained for
judgements of harmfulness using single stimuli in Experiment 4 .1, and to investigate whether
this effect would be modified when paired stimuli were used.

If the word superiority effect observed in Experiment 4.1 were to be found with both single
and paired stimuli, this would suggest that the difference between the results of Experiment
4.1 and those of previous studies of judgements on abstract dimensions was caused by
differences between the stimulus sets used, or some unknown difference between the
dimensions used. However, an interaction between stimulus modality and style of
presentation, such that the word superiority effect observed in Experiment 4.1 was
replicated for single stimuli, while the more common picture superiority effect was obtained
for paired stimuli, would suggest that the style of stimulus presentation is a critical
determinant of modality effects.

The data for the paired stimuli will also be examined in terms of the effect of the side of
presentation of the harmful member of the pair. It would seem that a response could be
made in this task as soon as the harmful member of the pair is recognized. If words are
processed in a more serial manner than pictures (i.e. left-to-right, as in reading), then the
side of presentation of the harmful stimulus will have a greater effect on reaction-times to
words than pictures. Pairs with the harmful stimulus on the left will have a greater advantage
over pairs with the harmful stimulus on the right when the stimuli are words rather than
pictures.

4.10 Method

4.10.1 Design

The main comparison of interest in this experiment involved a 2 x 2 mixed design, where the
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between-subjects factor was Style of Presentation (i.e. single stimuli or paired stimuli) and
the within-subjects factor was Stimulus Modality (picture or word).

Subjects in the single stimulus condition completed 2 experimental blocks consisting of 52
trials each. The order of the 2 presentation modalities was counter-balanced across subjects.
In addition, each block of experimental trials was preceded by a block of practice trials in
the appropriate stimulus modality. Subjects in the paired stimuh condition completed 4
experimental blocks, each consisting of 26 trials. The order of presentation of the 2 stimulus
modahties and of the 2 stimulus lists used were counter-balanced across subjects. A block
of practice trials immediately preceded the experimental trials in each stimulus modality.

4.10.2 Materials

The experiment was run on an IBM-compatible micro-computer, using the Micro
Experimental Laboratory software.

For the single stimulus condition, 52 items were used. These consisted of all the stimuli used
in Experiment 4.1, plus an additional 12 items. (These extra items are listed in Appendix D.
They had been excluded from Experiment 4.1 because they were not clearly larger or
smaller than a briefcase. It should be noted that the pattern of results is unchanged if these
extra items are excluded from the analysis.) Half of the items were "harmful" and half were
"non-harmful". Each item was presented both as a picture and as a word. The pictures were
enlarged so as to occupy the maximum possible area of a 11 x 9cm white box that appeared
in the centre of the computer screen. The words were written in white lower-case letters on
a black background, and were approximately 1cm in height.

For the paired stimuli condition, 26 different pairs (again excluding practice stimuli), were
constructed from the items used in the single stimulus condition, with each pair consisting
of one of the "harmful" items and one of the "non-harmful" items. The pairs are listed in
Appendix D. From these pairs, 2 stimulus lists were formed. In each list, half of the pairs
had the "harmful" item on the left, and half on the right. In the second list, the "harmful"
member of the pair appeared on the opposite side to that on which it had appeared in the
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first Cist. The pictures appeared in 2 11cm x 9cm white boxes that appeared side-by-side on
the computer screen. The words appeared side-by-side on the screen in white lower-case
letters on a black background, and were approximately 1cm in height.

4.10.3 Subjects

Subjects were 32 students attending University College London. The subjects were pseudorandomly assigned to either the single-stimulus condition or the paired stimuli condition
according to the order in which they volunteered for the experiment. Subjects were each
paid £2 for their participation.

4.10.4 Procedure

Subjects were instructed that they would see a number of stimuli (pictures and words). In
the single stimulus condition, they were asked to decide whether or not each item was
harmful. In the paired stimulus condition, they were asked to decide which member of the
pair was most harmful. Instructions were given about the range of items that were to be
considered harmful, as in Experiment 4.1.

Instructions at the beginning of each block informed the subject whether that block would
consist of pictures or words. They were asked to respond as quickly as possible without
sacrificing accuracy. The remaining procedural details were the same as for Experiment 4.1.

4.11 Results

Only reaction times for correct responses were analyzed. In the single stimulus condition,
4 subjects whose responses were less than 85% accurate were excluded and replaced by new
subjects. AH subjects in the paired stimulus condition were at least 85% accurate. The mean
error rates for each condition are given in Table 4.4. From this table it can be seen that
subjects made more errors with pictures rather than words, and more errors with single
rather than paired stimuli. A 2 x 2 mixed ANOVA confirmed that error rates were
significantly affected by both Stimulus Modality (F(l,30) = 12.57, p < 0.005) and Style of
Presentation (F(l,30) = 6.60, p < 0.05). However, there was no significant interaction
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between the effects of these variables (F(l,30) = 0.40, p > 0.5).

Table 4.4 Mean error rates by stimulus modality and style of presentation

Pictures

Words

Single

Mean
S.D.

10%
4%

8%
4%

Paired

Mean
S.D.

8%
4%

5%
3%

The median reaction time for each subject in each block of trials was calculated. In order to
compare the results of the two presentation conditions directly, the median reaction times
to pictures and words were averaged across lists in the paired stimuli condition (i.e. across
pairs with the harmful item on the left and on the right).^ A Lilliefors test showed that the
resulting distribution was significantly positively skewed (z = 0.18 df = 64, p < 0.0001). A
reciprocal transformation was therefore carried out, producing a distribution that did not
differ significantly from normal (z = 0.07 df = 64, p > 0.2). There was no significant
heterogeneity of variance amongst cells (Levene statistic = 0.29 dfl = 1 df2 = 30, p > 0.5).
The mean reaction times by Stimulus Modality and Style of Presentation are given in Table
4.5. These data are illustrated in Figure 4.2. It can be seen that reaction-times are faster for
single stimuli than for paired stimuli. In addition, while there is little effect of Stimulus
Modality on single stimuli, reaction times are faster for pictures than for words for paired
stimuli. A 2 X2 mixed ANOVA confirmed that there was a significant main effect of Style
of Presentation (F(l,30) = 6.45, p < 0.05) but not of Stimulus Modality. There was also a
significant interaction between the effects of these variables (F(l,30) = 7.98, p < 0.01).

^The mean of the medians from each block was used rather than the median across both blocks, because if the
latter method was used, the resulting score would only reflect reaction-times in one or other of the blocks.
depending on where the median fell.
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Table 4.5: Mean reaction times by stimulus modality and style of presentation

Pictures

Words

Single

Raw Mean
S.D.
Transformed
Mean

798
194
763

812
286
743

Paired

Raw Mean
S.D.
Transformed
Mean

958
454
859

1044
290
996

The transformed means shown were calculated by canying out the reverse transformation (following Howell
1992).

Figure 4.2: Mean reaction times by stimulus modality and style of presentation
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Paired

Analysis of simple efifects confirmed that there was a significant effect of Stimulus Modality
in the paired condition (F(l,30) = 10.87, p < 0.005) but not in the single condition (F(l,30)
= 0.49, p > 0.4).^

The data from the paired stimuli condition were also analyzed separately in order to
investigate the effect of the side of the screen on which the harmful member of the pair
appeared. The median reaction time for each subject for pairs with the harmful item on the
left and on the right in each block was calculated. Again a reciprocal transformation was
necessary to produce a distribution that did not differ significantly from normal. A 2 x 2 x
2 repeated measures ANOVA (Stimulus Modahty x Stimulus List x Side of the harmful
item) showed that there were significant main effects of both the stimulus modahty (F(l, 15)
= 18.18, p < 0.005) and the side of the harmful stimulus (F(l,15) = 9.72, p < 0.01) but not
of the stimulus list. There were no significant interactions. The mean reaction times
(averaged over stimulus hsts) are given in Table 4.6, and are illustrated in Figure 4.3. It can
be seen that reaction times to pictures were shorter than reaction times to words, and also
that subjects responded more rapidly when the harmful stimulus appeared on the left-hand
side of the screen.

Table 4.6: Mean reaction times for the paired stimulus condition (across subjects)

Harmful on Left

Harmful on Right

Pictures

Raw Mean
S.D.
Transformed Mean

934
491
817

1013
644
870

Words

Raw Mean
S.D.
Transformed Mean

1028
310
964

1090
355
1017

The transformed means shown were calculated by canying out the reverse transformation (following Howell 1992).

’ It should be noted that all 4 of the subjects that were rejected from the single stimulus condition produced
slower reaction times to pictures than to words.
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Figure 4.3: Mean reaction times for paired stimuli (across subjects)
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Analysis of simple effects confirmed that there was a significant effect of modality both for
stimuli where the harmfijl member of the pair appeared on the left (F(l,15) = 15.35, p <
0.005) and for stimuli where the harmful member of the pair appeared on the right (F(l,15)
= 15.73, p < 0.005). Also there was a significant effect of the side on which the harmful
member of the pair appeared whether the stimuh were pictures (F(,15) = 6.06, p < 0.05) or
words (F(l,15) = 5.51, p < 0.05).

The data were also analyzed over items rather than over subjects. This analysis was carried
out separately for the two presentation conditions, as the items in each condition were not
directly comparable, in that each stimulus from the paired condition consisted of two stimuli
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from the single stimulus condition.

The data from the items used in the single stimulus condition were analyzed in terms of the
stimulus modality and whether or not the item was harmful. A 2 x 2 mixed ANOVA showed
that there were no significant main effects of either of these variables, and there was no
significant interaction between them. Hence, the conclusion drawn when the data are
analyzed over subjects - i.e. that there is no significant effect of Stimulus Modality in the
single stimulus condition - is confirmed when the data are analyzed over items.

The data from the paired stimulus condition were analyzed in terms of the stimulus modality
and whether the harmful member of the pair appeared on the left or on the right. A 2 x 2
repeated-measures ANOVA showed that there were significant main effects of the stimulus
modality (F(l,25) = 51.91, p < 0.001) and of the side on which the harmful member of the
pair appeared (F(l,25) = 4.57, p < 0.05). There was no significant interaction.

Table 4.7: Mean reaction times for paired stimuli (analyzed across items)

Harmful on Left

Harmful on Right

Pictures

Raw Mean
S.D.
Transformed Mean

855
172
827

881
153
859

Words

Raw Mean
S.D.
Transformed Mean

970
115
957

1029
116
1017

The transformed means shown were calculated by carrying out the reverse transformation (following Howell
1992).

The mean reaction times for paired stimuli are given in Table 4.7. It can be seen that
reaction times were faster for pictures rather than for words, and faster when the harmful
member of the pair appeared on the left rather than on the right. Analysis of simple effects
confirmed that there was a significant effect of Stimulus Modality both for stimuli where the
harmful member of the pair appeared on the left (F(l,25) = 34.7,9 p < 0.001) and for stimuli
where the harmfiil member of the pair appeared on the right (F(l,25) = 43.46, p < 0.001).
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There was a significant effect of the side on which the harmful member of the pair appeared
when the stimuli were words (F(l,25) = 7.25, p < 0.05) but not when they were pictures.
Thus the general pattern of results seen when the data are analyzed across subjects is
confirmed when they are analyzed across items, with the exception that in the latter case,
no significant effect of the side of the harmful stimulus is seen with pictorial stimuli.

4.12 Discussion

The results of Experiment 4.2 demonstrated that there was a significant interaction between
the effects of stimulus modality and the style of stimulus presentation on judgements on an
abstract dimension. Pictures were responded to more quickly than words when stimuli were
presented in pairs (a result which corresponds to those obtained in previous studies of
judgements on abstract dimensions), but there was no effect of stimulus modality when
single stimuli were presented. This indicates that the style of stimulus presentation is a
critical determinant of modality effects.

It is not clear why the word superiority effect for judgements on an abstract dimension using
single stimuli that was observed in Experiment 4.1 was not replicated in the present
experiment. However, the fact that neither input modality demonstrated an advantage for
judgements on an abstract dimension when single stimuli were used in the present
experiment is still of interest, in that the usual picture superiority effect was not found, and
that these results contrast sharply with those obtained using paired stimuli.

There are a number of possible reasons why the effect of stimulus modality should be
modified by the style of stimulus presentation. One possible explanation is that there is some
difference in the pre-semantic processing of single and paired pictures and words. One
explanation of this type was considered above. It was suggested that pairs of pictures may
be processed in parallel, whereas pairs of words must be processed in a more serial manner.
However, the results of Experiment 4 .2 do not support this view. While reaction times to
paired stimuli were faster when the harmful member of the pair appeared on the left rather
than on the right, this effect was not modified by stimulus modality. If the picture superiority
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efifect observed with paired stimuli had been the result of words being processed in a more
serial manner than pictures, then the left/right dimension would have been expected to have
had a greater effect on words than pictures. However, no interaction of this type was
observed. There is therefore no evidence from this experiment that pictures are processed
in a more parallel fashion than words.

This observation does not rule out the possibility that a pre-semantic processing advantage
of another kind could have been responsible for the picture superiority effect with paired
stimuli. However, the fact that te Linde (1982) found no picture superiority effect for
decisions of associative relatedness using paired stimuli suggests that the use of paired
stimuli is not, in

itself, sufficient to produce an effect. Hence the fact that the effect of

input modality was modified by the style of stimulus presentation in this experiment remains
to be explained.

A potential criticism of this study would be that the results obtained with single and paired
stimuli differed because the two conditions involved slightly different task requirements. In
the single stimulus condition, subjects were required to make a yes/no decision about
whether or not a given item was harmful, whereas in the paired stimulus condition, they had
to compare the relative harmfulness of two items. It might be suggested that these tasks
differ in terms of the semantic information that is required to perform them - for example,
that more detailed semantic information is required in order to produce the correct response
in the latter situation. It could then be argued that the pattern of results obtained in
Experiment 4.2 indicates that pictures have privileged access to the more specific semantic
information that is required to make comparisons between objects. This notion could be
incorporated within either a unitary or a multiple semantics framework.

For example, Durso and Johnson (1979) have suggested that pictures and words may differ
in terms of the semantic information that they make available within a common semantic
system. They have argued that an unfamiliar picture is a unique entity, and that the semantic
information that is accessed from a picture will reflect this specificity. The semantic features
that are activated will be those that are tied to that particular picture. By contrast, they
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argue that because a word will have been encountered many times, it will activate the
semantic features that are shared by many instances of the concept. This means that pictures
and words will activate different aspects of the same semantic representation. Pictures will
activate more specific information, while words will activate more general information. If
comparisons do, in fact, require access to specific semantic information, while yes/no
answers do not, this would explain why there is a picture superiority effect when paired
stimuli are used but not when single stimuli are used. (It should be noted, however, that this
hypothesis does not account for the fact that a picture superiority effect is observed for size
judgements even when no comparison process is involved (see below)).

Within a multiple semantics framework, it could be argued that information about an
attribute such as harmfulness may be available within both a visual and a verbal semantic
system, but that this information may be represented in a different way in each system. As
noted in Chapter 1, Shallice (1988a) has advanced this argument using the example of
knowledge about the habitat of an animal. He has suggested that "... in its verbal semantic
representation hedgehog would have associated with it, in terms of an at-location link,
England (amongst other habitats). The visual representation would in turn be associated
with the type of scene in which it would be experienced" (p. 137). An analogous argument
could be made for knowledge about harmfulness. For example, in the verbal semantic
system, lion could be associated with harmful, whereas in the visual semantic system, lion
could be associated with a scene involving a lion hunting. It could then be argued that the
way in which information about harmfiilness is represented in the visual semantic system is
better suited to making comparisons than the way in which this information is represented
in the verbal semantic system (perhaps because of the richer informational content of the
former type of representation).* In the single stimulus condition, where only a simple yes/no
decision is required, both pictures and words would have direct access to sufficient
information to make the judgement. This would mean that there would be no effect of input
modality with this style of presentation. By contrast, in the paired stimulus condition, where
a more precise evaluation of the relative harmfulness of each stimulus is required, the more

^It should be noted that a model of this kind would not correspond to a simple version of the Modality-Specific
Content hypothesis, and would appear to have more in common with the Modality-Specific Context hypothesis.
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detailed information stored in the visual semantic system would have to be accessed. If this
were the case, then reaction-times would be expected to be faster for pictures than for
words in this condition. In order to explain the fact that picture superiority effects have been
observed for size judgements even when single stimuli are used, it would have to be argued
that information about size is mainly represented within the visual semantic system.

Both of these accounts would explain the interaction between the style of stimulus
presentation and stimulus modality observed in Experiment 4 .2 in terms of the fact that the
paired stimulus condition involved a comparison process, whereas the single stimulus
condition did not. However, it could be argued that if the picture superiority effect observed
with paired stimuli was a product of the comparison process involved, then the results of
Experiment 4.1 are undermined. This is because the question used to test visual semantic
knowledge in Experiment 4.1 involved a comparison to a reference point (i.e. the size of a
briefcase) whereas the verbal semantic question did not. The degree to which this is a
problem depends on whether one takes the view that the involvement of a comparison
process is relevant even when the comparison is to be made with a reference point which
could be processed prior to the beginning of the experiment, or only when two new stimuli
must be processed on-line. If the former view is taken, it could be argued that the interaction
between stimulus modality and question type observed in Experiment 4.1 was the result of
a confound between question type and the presence or absence of a comparison process.
However, as Pellegrino et al. (1977) observed a picture superiority effect when subjects
were simply asked to decide whether individual objects were "large" or "small", it would
seem fair to conclude that picture superiority effects for size judgements are not attributable
solely to the involvement of comparison processes.

Overall, therefore, the reasons for the observed interaction between stimulus modality and
the style of stimulus presentation are not yet clear. It may be that the style of stimulus
presentation itself is the relevant factor, but it is also possible that the interaction may be
explained in terms of differences in task demands. However, the fact that such interactions
can occur means that researchers should be cautious when making generalizations about the
effects of stimulus modality from results obtained using only one experimental methodology.
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A fiirther point is that it is possible that an effect of the style of stimulus presentation could
help to explain why, in the past, the results of reaction-time studies of normal subjects have
supported a multiple-semantics model in which the verbal semantic system only contains
information about properties of words, whereas the results of some studies of neurological
patients appear to support a multiple-semantics model in which the verbal semantic system
also stores information about certain properties of real-life objects.

The results of previous reaction-time studies of normal subjects (which used paired stimuli)
have suggested that pictures have privileged access to information about concepts such as
harmfulness. By contrast, the pattern of performance of certain neurological patients
suggests that words have direct access to this type of knowledge. For example, Sartori,
Coltheart, Miozzo and Job (1993) have described a patient (Michelangelo) who, they
suggested, had a specific deficit of visual form knowledge. They argued that this deficit
impaired his performance with pictorial stimuli, regardless of the type of semantic
information being probed (visual or non-visual), and also impaired his performance when
visual information was being probed, regardless of the modality of stimulus input (picture
or spoken word). However, the patient demonstrated good non-visual knowledge from
verbal input. This pattern of performance suggests that words have direct access to non
visual semantic knowledge. It is interesting, in this context, to note that Michelangelo's non
visual knowledge was tested using yes/no questions about individually presented pictures
and words (e.g. "Is this animal ferocious or not?", "Is this animal domestic or not?"), as the
results of Experiment 4.1, which also involved a yes/no question and individually presented
stimuli, also suggested that words have direct access to non-visual semantic information.

4.13 Conclusions

In Experiment 4.1, a significant interaction between the eSects of stimulus modality (picture
or word) and question type (visual or non-visual) was observed, such that a visual question
was answered more quickly for pictures than words, while the opposite was the case for a
non-visual question. This pattern of results cannot be accounted for by models of semantic
processing which explain picture superiority effects in terms of a constant processing
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advantage for pictures. Instead, these results suggest that pictures have privileged access to
visual semantic information, while words have privileged access to non-visual semantic
information. These findings are compatible with the Modality-Specific Content hypothesis
and the Cascade model of unitary semantics.

In Experiment 4.2, a picture superiority effect was found for judgements on a non-visual
dimension when paired stimuli were used, but not when single stimuli were used. This
suggests that the style of stimulus presentation is an important determinant of modality
effects.

However, it could be argued that different patterns of results were obtained with single and
paired stimuli because these two conditions were associated with slightly different task
requirements. Subjects were required to make a comparison between concepts when paired
stimuli were used, but not when single stimuli were used. It could therefore be suggested
that the picture superiority effect observed with paired stimuli reflects privileged access from
pictures to the specific semantic information that is required to make comparisons between
objects. The possibility that the effect of input modality will be modified by the presence or
absence of a comparison process (when the style of stimulus presentation is held constant)
will therefore be investigated in the next chapter.
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Chapter 5

The Influence of Output Task on the Effects of Input Modality

5.1 Overview

In the previous chapter it was observed that the effect of input modality on the time taken
to make semantic decisions on an abstract dimension was modified by the style of stimulus
presentation. Pictures produced faster reaction-times than words when paired stimuli were
used, but not when single stimuli were used. This pattern of results suggests that the style
of stimulus presentation may be a critical determinant of modality effects. However, it could
instead be argued that this interaction arose simply because the different styles of stimulus
presentation were associated with slightly different output tasks. The present chapter
therefore addresses the question of whether the effects of input modality will be affected by
the type of task to be performed (viz. whether the task involves a comparison process) when
the style of stimulus presentation is held constant. If such an interaction were to be
observed, it would suggest that the pattern of results obtained in Experiment 4.2 may indeed
reflect differences between the output tasks that were used. However, if no such interaction
were to be observed, this would suggest that it was the style of stimulus presentation rather
than the presence or absence of a comparison process that modified the effect of input
modality in Experiment 4.2.

5.2 A deflnition of an "output task"

In Chapter 1, four possible organizing principles of semantic memory were considered. Of
these four principles, organization by input modality, information type and taxonomic
category have been discussed at great length in the cognitive neuropsychological literature.
A large amount of empirical data relevant to these dimensions has been reported, and these
organizing principles have been incorporated into many models of semantic processing. By
contrast, the possibility that the organization of semantic memory reflects, to some extent.
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the different types of object-centred tasks that an individual must be able to perform has
been relatively neglected in cognitive neuropsychological models of semantic memory.

As the concept of a "task" is very broad, it is necessary to formulate a more constrained
definition of this term before the possibility that the organization of semantic memory
reflects, in some way, the different types of task that it must be used to mediate can be
properly considered. A full characterization of an individual semantic task might include
information about the stimulus modality, the type of semantic information being probed (e.g.
visual or non-visual), the type of manipulation to be carried out on that information and the
type of response to be produced. Semantic tasks may therefore differ from one another on
any of these dimensions. However, as the effects of stimulus modality and the type of
information sought (visual or non-visual) have been examined in some detail in previous
chapters, the concept of an "output task" will be taken here to refer to the manipulations to
be carried out on appropriate semantic information, and the type of response to be
produced.

One way of categorizing different output tasks would be in terms of the modality in which
responses must be produced. For example, some tasks require verbal output, while others
require non-verbal output. Verbal responses include those which are spoken or written
while, in an experimental setting, non-verbal tasks include such things as object decision,
drawing from memory and object-colour matching. The range of non-verbal responses that
must be produced in everyday life is much wider. Shallice (1993) has pointed out a number
of complex non-verbal operations for which semantic mediation would be necessary, such
as the triggering of action schemas (which would not necessarily be directed to the object),
the triggering of thought schemas, mental model formation and intention formation.

However, different output tasks could also be categorized in terms of the nature of the
required response (where this is not related to output modality). Researchers in the area of
cognitive neuropsychology have examined the semantic knowledge of neurological patients
with a wide range of tests that vary considerably in their response requirements. Such tests
include simple "yes/no" or "true/false" questions, forced-choice questions, comparisons of
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concepts on target dimensions, concept categorization, the generation of word lists and
open-ended questions such as concept definition.

It is possible that these tasks differ in terms of the demands that they make on semantic
memory These differences could be simply quantitative, but they could also be qualitative.
That is, various tasks may differ slightly in terms of the semantic information that is required
to perform them despite the fact that, at a broad level, the type of information being probed
by them is ostensibly the same. A further possibility is that the organization of semantic
memory may reflect in some way the demands that are made on it by various tasks in the
real world.

5.3 Current models of semantic memory on the issue of output tasks

According to the simple unitary semantics hypothesis, the same semantic store is used to
perform all output tasks, and this store is not organized in any way that reflects the different
types of task that it must be used to mediate. The modified versions of the unitary semantics
hypothesis are similar to the simple unitary semantics hypothesis in this respect. For
example, Hillis, Rapp, Romani and Caramazza (1990) have argued (in the context of their
OUCH model) that the fact that their patient, KE, produced comparable patterns of
semantic errors across a number of tasks which involved a range of input and output
modalities supports the view that a single conceptual system is used to perform all semantic
tasks. Proponents of the Cascade model of unitary semantics have also claimed that the
same semantic system is used to perform all output tasks (Riddoch et al. 1988). The issue
of output task has not been explicitly addressed within the Identification Procedures theory.

Many proponents of the multiple semantics hypothesis also do not address the issue of
output task explicitly. However, in Shallice’s description of the multiple semantics
hypothesis in terms of a distributed network (1988b; 1993), he has argued that the region
of the semantic net in which a particular type of information is stored is determined by the
input-output pathway with which that information is most associated. The type of output
that must be produced is, therefore, an important organizing principle within this
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framework. However, it appears that Shallice is differentiating between different types of
output in terms of the modality in which that output must be produced. Hence, while output
modality is an important organizing principle within this framework, the effect of different
types of task per se (i.e. different types of task which make use of the same output modality)
was not considered.

According to current neuropsychological models of semantic memory, therefore, the
conceptual system is not organized in any way which reflects the different types of output
task that it must be used to mediate, where this is not related to output modality.

5.4 The possibility of an influence of output task

Experiment 4.2 was designed in order to investigate whether the difference between the
pattern of results obtained in Experiment 4.1 and the results of previous studies of semantic
decisions on abstract dimensions could be explained in terms of the different methodologies
used (more specifically, whether stimuli were presented singly or in pairs). The results of
Experiment 4.2 suggest that this may indeed be the case. A picture superiority effect was
observed when paired stimuli were used, but not when single stimuli were used. This
suggests that the style of stimulus presentation may be an important determinant of modality
effects.

However, it was also noted that it would be possible to suggest that this interaction reflected
the fact that the different styles of presentation were associated with slightly different task
requirements. With single stimuh, subjects were asked "Is this item harmful or not?",
whereas with paired stimuli subjects were asked "Which of these items is more harmful?".
Thus the former question required a simple yes/no answer, while the latter required subjects
to compare two stimuli. This was necessary in order to make a direct comparison between
the methodology used in Experiment 4.1 and the methodology used in previous studies.
Nevertheless, it could be argued that the presence or absence of a comparison process was
critical in modifying the effect of input modality. For example, it could be suggested that
these tasks differ in terms of the specificity of the semantic information that is required to
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perform them - that is, that rather non-specific semantic information may be used to answer
the simple yes/no question, whereas more precise semantic information is required in order
to perform the comparison task. This would open up the possibility that the picture
superiority effect observed with paired stimuli reflects privileged access from visual stimuli
to the precise semantic information that is required to perform fine-grained semantic
decisions. As noted in Chapter 4, an hypothesis of this kind could be incorporated within
either a unitary- or a multiple-semantics framework.

If the effect of input modality were found to be modified by the presence or absence of a
comparison process, this would represent an important influence of the precise nature of the
question asked on the performance of this type of semantic task. An effect of this kind could
indicate that the organization of semantic memory is directly influenced by the different
types of task that an individual must be able to perform. For example, it could be that, rather
than there being a general pattern of privileged relationships between particular input
modalities and particular modalities of information (e.g. visual or verbal information),
particular input modalities have privileged relationships with the semantic information that
is required to perform particular tasks. This pattern of privileged relationships could reflect
the frequency with which input from each modality is associated with the performance of
particular tasks. Alternatively, an interaction between the effects of stimulus modality and
the type of task to be performed could be an emergent property of a semantic system whose
organization is not directly influenced by the nature of the different types of task that it must
be used to mediate. An example of this kind of framework would be if visual and verbal
input had privileged relationships with information acquired in visual and verbal contexts
respectively, and the way in which information was represented in the visual and verbal
semantic subsystems happened to be better suited to performing different types of task. In
either case, if the effects of stimulus modality and output task were found to interact with
one another, this would underline the importance of giving careful consideration to the
precise nature of the required response when designing tests of semantic memory.

The present experiment is therefore designed to investigate whether it was the style of
stimulus presentation or the presence of a comparison process that modified the effect of
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input modality in Experiment 4.2. This will be done by examining whether the effect of
stimulus modality interacts with the presence or absence of a comparison process when the
style of stimulus presentation is held constant. As noted above, if such an interaction were
to be observed, this would indicate that the nature of the task to be completed is an
important factor to take into account when interpreting modality effects. However, if there
were no such interaction, the results of Experiment 4 .2 would suggest that it is the style of
stimulus presentation that is an influential factor.

5.5 Introduction to Experiment 5.1

In this experiment, as in Experiments 4.1 and 4.2, subjects will be required to make
judgements about the harmfulness of various stimuli. The stimuli will be presented as both
pictures and words, but they will always appear singly, rather than in pairs. However, the
type of decision to be made will vary across conditions. In one condition, subjects will be
required to decide whether or not each item is harmful (i.e. this condition will be a
replication of one of the conditions used in Experiments 4.1 and 4.2). In the second
condition, they will be required to decide whether each item is more or less harmful than the
preceding item. This means that in the first condition subjects will have to make a yes/no
decision, whereas in the second they will have to make a comparison between two concepts.
Hence, it would appear that, as in Experiment 4.2, one condition only requires the use of
fairly general semantic information, while the other requires the use of more precise
semantic information. Thus the two types of decision will be as similar as possible to those
involved in Experiment 4.2, but the confounding between the style of stimulus presentation
and the type of decision to be made will be removed.

5.5.1 Predictions of current theories

The simple unitary semantics hypothesis predicts that any effect of input modality will be
limited to any difference in pre-semantic processing between pictures and words, and that
any effect of decision type will be limited to the simple effect of question difficulty. This
means that, although there may be differences in reaction-times between different modalities
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of input or between different types of decision, the effects of these variables will not interact
with one another. The Cascade model of unitary semantics makes the same predictions as
the simple unitary semantics hypothesis in this situation. The Identification Procedures
theory is not, as yet, suited to making predictions of this type (see Table 2.1 for a summary
of the predictions of each theory).

According to OUCH, the effect of input modality will depend on whether decisions on the
target dimension can be made on the basis of semantic information gleaned fi’om
perceptually salient features of the target objects. The stimuli used in the present experiment
will be the same as those used in Experiments 4.1 and 4.2. These items were selected such
that their harmfulness could not be determined on the basis of visually salient features.
Hence, OUCH predicts that there will be no effect of input modality in this experiment. This
model also predicts that any effect of the type of decision to be made will be limited to the
simple effect of question difficulty. This means that, according to this model, there will not
be any interaction between the effects of input modality and decision type.^

Different predictions are made by different versions of the multiple semantics hypothesis.
According to the Modality-Specific Content hypothesis, stimuli presented in different input
modalities have privileged access to modality-congruent semantic information. Functional/
associative semantic information, such as knowledge about harmfulness, is stored in the
verbal semantic system. Verbal stimuli will therefore have privileged access to this
information. However, semantic memory is not organized in any way that reflects the
different types of output task that may be encountered. This theory therefore predicts that
there will not be any interaction between the effects of input modality and decision type.

^If it were argued that haimfulness is a dimension on which decisions can be made on the basis of perceptually
sahent features of pictorial stimuli, then OUCH would predict that a picture superiority effect would be observed
in the present study. More interestingly, any such advantage would be expected to be greater for questions which
only tapped veiy general semantic information. This is because the semantic information that could be gleaned
fixm perceptually sahent features of the stimuh would be sufficient to support general semantic decisions, but
inadequate to support more fine-grained decisions. Hence if any picture superiority effect were observed, it
would be expected to be greater when subjects were only required to make yes/no decisions about the
harmfulness of each item than when they were required to compare the harmfiilness of two items.
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As argued in Chapter 1, it is difficult to make any specific theoretical predictions from the
Modality-Specific Context hypothesis, because of the difficulty in determining the modality
in which a particular piece of knowledge might have been acquired. For example, it is
equally plausible that a person would have learned to associate the concept of <lion> with
the concept <harmful> through seeing this animal perform a ferocious act, as it is that they
would have learned this association in a verbal context. Equally, it is not clear whether or
not there would be extensive duplication of information across systems. If there was no
duplication across systems, then some influence of input modality would be expected, but
it would not be possible to predict the direction of this effect. This is because pictures would
have privileged access to information stored in the visual system, and verbal stimuli would
have privileged access to information stored in the verbal system, but it would not be
possible to predict which system would store a particular piece of information. However,
no interaction between the effects of input modality and decision type would be expected,
as there would be no additional organization in terms of different output tasks. However,
if there was extensive duplication of information across systems, then information about
harmfulness could be stored in both the visual and verbal semantic systems. If this were the
case, there would be less of an effect of input modality. However, there could be an
interaction between the effects of input modality and decision type, if the way in which
information about harmfulness was represented in each system was better suited to making
different types of decision. For example, if the visual system stored quite specific
information about the harmfiilness of objects, whereas the verbal system only stored quite
general information about the harmfulness of objects, then pictures would be expected to
have a processing advantage for specific questions about harmfulness, but not for more
general questions.

If, within Shallice’s (1988b; 1993) description of the multiple semantics hypothesis in terms
of a distributed network, it is posited that the representation of information about
harmfiilness is one of the semantic processes that occur predominantly with verbal input,
then the predictions of this model with regard to the effects of input modality are the same
as those of the Modality-Specific Content hypothesis in this context. That is, words will
have privileged access to information about the harmfiilness of objects. The region of the
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net in which a particular piece of information is represented is also determined by the output
pathway with which that information is most associated. However, in this context "output
pathway" refers to the output modality, which will remain constant in the present study.
Shallice has not made any specific claims about the relationship between different input
modalities and different types of output task (within the same output modality), and so it
would appear that this model predicts that the effects of input modality and output task will
not interact with one another.

In the present study, any simple effect of the modality in which stimuli are presented, or the
type of decision to be made, will not be particularly informative. The former could be the
result of differences between modalities in the time taken to complete pre-semantic
processing, while the latter could simply reflect differences in question difficulty. However,
if the effects of input modality and decision type were to be seen to interact with one
another, this would represent an influence on the time taken to make semantic decisions that
has not, hitherto, been explored. An interaction of this type would suggest that the effect
of input modality on the time taken to make semantic decisions is modified by the type of
task to be performed. This would, in turn, suggest that the interaction between input
modality and the style of stimulus presentation that was observed in Experiment 4.2 may be
explained in terms of the fact that the different styles of presentation were associated with
slightly different questions.

However, if no interaction were to be observed, this would suggest it was the style of
stimulus presentation rather than the type of output task to be performed that modified the
effect of input modality in Experiment 4.2.

5.6 Method

5.6.1 Design

The present design involved two within-subjects factors. The first factor was Stimulus
Modality (picture or word), and the second was Decision Type (yes/no or comparison). In
the yes/no condition, subjects were required to decide whether or not each item was
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harmful, and in the comparison condition they were asked to decide whether each item was
more or less harmful than the preceding item.

The four resulting presentation conditions were fully counterbalanced across subjects
according to a Latin square. This produced a total of 24 different presentation sequences.

Each subject completed 4 experimental reaction-time blocks, which consisted of 52 trials
each. Each experimental block was immediately preceded by a block of 40 practice trials.

5.6.2 Materials

The experiment was run on an IBM-compatible computer, using the Micro Experimental
Laboratory software.

There were 52 experimental stimuli. Each stimulus appeared as both a picture and a word.
There were also 40 practice stimuli. The items in the experimental set were the same as
those used in the single stimulus condition of Experiment 4 .2 (see Appendices C and D).

As in Experiments 4.1 and 4 .2, the pictorial stimuli consisted of line drawings taken from
the Snodgrass and Vanderwart (1980) set. Each picture was enlarged so as to occupy the
maximum possible area of a 12 x 9.5cm white box that appeared in the centre of the
computer screen. The verbal stimuli consisted of the names of the items depicted in the line
drawings. These words were written in white lower-case letters on a black background. The
letters were approximately 1cm in height.

The stimuli were presented in a fixed sequence, and this sequence was the same in each
presentation condition. The reason for adopting this procedure was that if the stimuli were
presented in a random order, it would be highly likely that subjects would be required to
make a large number of nonsensical decisions in the comparison condition. (For example,
subjects may have found themselves being asked to decide whether a chair is more or less
harmful than a table.) The order of presentation that was used is given in Appendix E.
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Half of the items in the yes/no condition were '’harmful" and half were "non-harmful" (as
determined by the pre-raters in Experiment 4.1). The fixed presentation sequence was
arranged such that, for the comparison condition half of the items were followed by items
more harmful than themselves, and half by items less harmful than themselves. In addition,
the list was constructed such that, of the items that would be considered to be "harmful" and
"non-harmful" in the yes/no condition, approximately half would be followed by something
more harmful than themselves and half by something less harmful than themselves in the
comparison condition. This was to avoid the possibility that in the comparison condition
subjects would be able to use information about whether or not the current item was harmful
in order to predict the appropriate response to the following item. This also meant that many
of the "harmful" items were followed by items that were also harmful, and that many of the
"non-harmful" items were followed by items that were also non-harmful. Thus (in contrast
with Experiment 4.2, in which pairs of stimuli always included one "harmful" item and one
"non-harmful" item), subjects were required to make a true comparison of the degree to
which each item in the pair was harmful.

5.6.3 Subjects

Subjects were 24 students attending University College London. Subjects were each paid
£2 for their participation in the experiment.

5.6.4 Procedure

Subjects were instructed that they would see a number of stimuli (pictures and words). They
were told that in some blocks, they would be required to decide whether each item was
harmful, and that in other blocks they would be required to decide whether each item was
more or less harmful than the preceding item.

The instructions as to the range of items that were to be considered harmful were the same
as for Experiments 4.1 and 4.2.

Subjects were instructed that they would be told at the beginning of each block whether that
block consisted of pictures or words, and whether they were to decide whether or not each
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item was harmful or if each item was more or less harmful than the preceding item.

Finally, subjects were asked to respond as quickly as possible without sacrificing accuracy.

The subject initiated each trial by pressing the space bar. Each stimulus was preceded by a
fixation point consisting of three white asterisks on a black background that appeared for
1 second in the centre of the screen. The screen was blanked while the graphics for the
picture or word were generated, and at the top of the next display refresh cycle the screen
was turned on. Each stimulus was presented individually in the centre of the computer
screen. Subjects responded using the 1 and 3 keys in the numerical keypad at the bottom
right-hand comer of the keyboard. These keys represented "No" and "Yes" respectively in
the yes/no condition, and "Less" and "More" in the comparison condition. Response times
were recorded from the top of the refresh cycle. The picture or word remained on the screen
until the subject had made a response. Subjects were not given any feedback regarding the
accuracy or speed of their responses.

This procedure was repeated for each of the four experimental blocks.

5.7 Results

The median reaction-time for each subject for each block was taken as a measure of that
subject's performance in the relevant condition.^ A Lilliefors test showed that the resulting
distribution of reaction-times differed significantly from a normal distribution (z = 0.11 df
= 96, p < 0.05). In addition, a Levene test demonstrated that there was a significant degree
of heterogeneity amongst the variances of the reaction-times in each condition (Levene
statistic (3, 92) = 4.56, p < 0.01). A reciprocal transformation was therefore carried out on
the data. Following this transformation, the distribution did not differ significantly from
normal, (z = 0.05 df = 96, p > 0.2) nor was there any significant degree of heterogeneity
amongst the variances of the reaction-times in each condition (Levene statistic (3, 92) =

^ All reaction-times were used, but the pattern of results remains the same even if only correct responses are
considered.
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1.03, p > 0.3).

The mean of these reaction-times in each condition are given in Table 5.1, and are illustrated
in Figure 5.1. It can be seen that subjects were able to answer the yes/no question more
rapidly than the comparison question, but that there was little effect of the modality in which
stimuli were presented. A 2 x 2 (Stimulus Modality by Decision Type) repeated-measures
ANOVA conjBrmed that this was the case. Response latencies in the yes/no condition were
significantly shorter than in the comparison condition (F(l,23) = 19.26, p < 0.001).
However, there was no significant main effect of Stimulus Modality, nor was there any
significant interaction between the two factors (p = 0.4). Finally, there was no significant
simple effect of Stimulus Modality for either of the two Decision Types.

Table 5.1: Mean reaction-times by stimulus modality and decision type

Stimulus Modality

Yes/No Question

Comparison
Question

Pictures

Raw Mean
S.D.
Transformed Mean

730
106
715

871
216
827

Words

Raw Mean
S.D.
Transformed Mean

726
91
715

823
151
793

The transformed means shown were calculated by carrying out the reverse transformation (following Howell
1992).

An analysis of error rates was also carried out. The mean percentage of errors made in each
condition are shown in Table 5.2. It can be seen that there was little difference in error rates
across conditions. A 2 x 2 repeated-measures ANOVA (Stimulus Modality by Decision
Type) confirmed that there were no significant main effects of the factors of interest, nor
was there any significant interaction between them.
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Figure 5.1: Mean reaction times by stimulus modality and decision type
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Table 5.2: Mean error rates by stimulus modality and decision type

Stimulus Modality

Yes/No Question

Comparison
Question

Pictures

Mean
S.D.

10%
7%

8%
4%

Words

Mean
SD.

10%
7%

8%
4%
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5.8 Discussion

The only variable which had a significant effect on response latencies in this study was the
type of decision to be made. Subjects responded more quickly when they were asked to
decide whether or not each item was harmful than when they were asked to determine
whether each item was more or less harmful than the preceding item. There was no effect
of the modality in which stimuli were presented, nor was there any interaction between the
effects of input modality and decision type.

The results of this study are therefore entirely consistent with the predictions of the simple
unitary semantics hypothesis. The fact that there was no interaction between input modality
and decision type is also compatible with other current cognitive neuropsychological models
of semantic processing. However, when the results of the present experiment are considered
in conjunction with the results of Experiments 4.1 and 4 .2, the pattern of findings becomes
more complex. More specifically, the absence of an interaction between input modality and
decision type in the present experiment suggests that the interaction between input modality
and style of stimulus presentation observed in Experiment 4.2 cannot be explained in terms
of the fact that slightly different questions were used with the different styles of
presentation.

Together, these three reaction-time studies have demonstrated that, when single stimuli are
used, there is no evidence that subjects are able to make decisions on an abstract dimension
more quickly for pictures than words. In the present study and in Experiment 4.2, there was
no effect of input modality on the time taken by subjects to make decisions about the
harmfulness of single stimuli. Furthermore, in Experiment 4.1, subjects actually made this
type of decision more quickly for words than pictures.

By contrast, it was demonstrated in Experiment 4.1 that when subjects are required to make
decisions about a visual property of single stimuli, a picture superiority effect emerges. The
fact that a picture superiority effect is observed for decisions on a visual dimension but not
for decisions on an abstract dimension undermines explanations of picture superiority effects
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in terms of pictorial advantages in pre-semantic processing, or in semantic access in general.
It would appear that pictures have privileged access to visual semantic information but not
to non-visual semantic information.^ The fact that the effect of input modality is modified
by the type of information sought is problematic for the simple unitary semantics hypothesis.
It is also problematic for OUCH, given that the stimuli for these experiments were chosen
so that neither their size nor their harmfulness could be determined from their perceptual
features. However, the findings are consistent with the Cascade model of unitary semantics,
if size is considered to be one of the visual attributes that are stored within structural
descriptions. They are also consistent with the predictions of the Modality-Specific Content
hypothesis. As the authors of the Identification Procedures theory have not yet stated
whether words have direct access to identification procedures or must access this system
indirectly, via the amodal network, it is not possible to determine the implications of these
findings for this theory.

However, the results of Experiment 4.2 suggested that some caution should be exercised
when interpreting results obtained using only one methodology. In that experiment it was
demonstrated that, while there was no effect of input modality on the time taken to make
abstract decisions about single stimuli, pictures produced faster reaction-times than words
when stimuli were presented in pairs. There are a number of possible reasons why picture
superiority effects should be found vrith paired stimuli but not with single stimuli. One
possibility is that this pattern of results is caused by differences between modahties in presemantic processing. Although, as described in Chapter 4, Te Linde (1982) has reported that
there is no evidence to support the view that picture-word differences in response latency
on semantic decisions are caused by differences in the recognizability of pictures and words
as individual visual patterns, it remains possible that pictures have an advantage when stimuli
are presented in pairs. One way in which pictorial stimuli could gain a disproportionate

^ Experiment 4.1 it was observed that reaction-times for decisions on an abstract dimension were faster for
words than for pictures. This finding could be taken as evidence to support the view that as well as pictures
having privileged access to visual semantic information, words have privileged access to non-visual semantic
information. However, although a trend in the same direction was observed in Experiment 4.2, this trend was
not statistically significant. In addition, the reaction-times for pictures and words in the present experiment were
almost identical. The combined results of these studies do not, therefore, give strong evidence for rejecting the
null hypothesis that neither input modahty has privileged access to non-visual semantic information.
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advantage from dual presentation was considered. It was suggested that pictures may be
processed in parallel as a "scene" whereas written words must be processed in a serial
manner. However, this hypothesis was rejected on the basis that there was no evidence that
words were processed in a more lefr-to-right manner than pictures.

It was also noted in Chapter 4 that it could be argued that the interaction between input
modality and style of presentation was an artifact resulting from the fact that slightly
different questions were used with the two styles of presentation. If pictures had privileged
access to the precise semantic information required to make comparisons between stimuli,
this would be sufficient to explain why picture superiority effects were found with paired
stimuli but not with single stimuli.

However, the present experiment did not produce any evidence to support this argument.
When single stimuli were used, there was no evidence that pictures had privileged access
to the semantic information used to make comparisons. The present experiment, like
Experiment 4.2, involved both a yes/no question and a comparison question, but the type
of question asked did not alter the effects of stimulus modality. It would seem, therefore,
that the modification of the effects of input modality observed in Experiment 4.2 was indeed
caused by the manipulation of the style of stimulus presentation.^

It remains to be explained how the style of stimulus presentation might alter the effect of
stimulus modality. The fact that different patterns of results were obtained with comparison
questions involving single stimuli (Experiment 5.1) and paired stimuli (Experiment 4.2)
would not appear to be explicable, in any simple way, in terms of differences in the type of
semantic information used to perform each task. In both cases subjects would need to access
sufficient semantic information to compare the harmfulness of two objects. The possibility
that the different patterns of results reflect some other variation in task demands should

^ The present findings also rule out the possibihty that the interaction between input modahty and question type
(visual or non-visual) that was observed in Experiment 4.1 was a result of the fact that the visual question
involved a comparison while the non-visual question did not. The results of Experiment 5.1 demonstrate that the
use of a comparison question does not, in itself, produce a picture superiority effect for decisions about single
stimuh.
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therefore be considered.

Although the comparison question used in the current experiment (with single stimuli) and
the comparison question used in Experiment 4.2 (with paired stimuli) were similar to one
another in that they both involved relative rather than absolute judgements of harmfiilness,
they differed from one another in that the former involved a yes/no question while the latter
involved a forced-choice question. In the field of episodic memory it is well recognized that
different patterns of results may be obtained using different measures of performance such
as yes/no judgements and forced-choice judgements.^ It could be argued that the results of
the present experiments suggest that the same may be true in the area of semantic memory.
It is possible that different tests of semantic knowledge can produce different patterns of
results, even if the semantic representation mediating performance in each task is the same.

Indeed, a number of authors have suggested that patients may produce different patterns of
performance on different tasks which draw upon the same underlying semantic
representation if the tasks vary in terms of the quantity of semantic information that is
required to perform them correctly. For example, as noted in Chapter 1, Hillis et al. (1990)
have argued that optic aphasies may demonstrate superior miming than naming from vision
simply because intact miming may be supported by less specific semantic information than
naming. A further possibility is that different tasks may produce different patterns of
performance even if the same semantic information is used to perform them. This could
occur if the tasks tapped that semantic information in different ways. For example. De Renzi
and Lucchelli (1994) reported that their patient (Felicia) was unable to produce functional
semantic information in her definitions of living things, despite the fact that this information
was found to be available to her on direct questioning.

However, the fact that, in Experiment 4.2, the effect of the type of question asked (yes/no
or forced-choice) interacted with the effect o f input modality still remains to be explained.

^ For example, Warrington and Weiskrantz (1970) found that for normal subjects (aged 18-39) the 25th
percentile for yes/no recognition of single words was 29% errors, as compared to only 10% errors for forcedchoice recognition (using Warrington's Recognition Memory Test [1984]). In other words, subjects made three
times as many errors when their memory was tested using yes/no rather than forced-choice recognition.
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This interaction might be accounted for if is advanced that, although responses to both
single and paired stimuli in Experiment 4.2 took the form of key-presses, the responses to
single stimuli may actually be considered to be verbal and the responses to paired stimuli
non-verbal. This is because with single stimuli, subjects had to make a yes/no decision as to
whether each item was harmful, whereas with paired stimuli, they simply had to press the
key which was on the same side as the more harmful member of the pair. This second task
may be considered to be equivalent to non-verbal tests, such as picture-pointing. A tentative
explanation of the observed interaction could then be that picture and words are more
compatible with non-verbal and verbal responses respectively. If information about the
harmfulness of objects is not strongly associated with one input modality over another (as
suggested by the fact that neither input modality demonstrated consistently superior access
to this type of information), then the effect of input modality on decision times might be
largely determined by the compatibility between the nature of the given input and the nature
of the required response.

The notion of privileged relationships between particular input modalities and particular
types of response has been incorporated into the multiple semantics hypothesis. According
to this theory, verbal output may only be produced via the verbal semantic system. Hence
some permutation of the multiple semantics hypothesis might be able to account for an
interaction between input modality and response type. For example, within the ModalitySpecific Context hypothesis, it could be suggested that information about harmfulness is
stored within both the visual and verbal semantic systems, but that the way in which it is
represented in each of these systems is more compatible with non-verbal and verbal
responses respectively. Hence the effects of input modality and response type would be
expected to interact with one another. Decision times would be shorter when the nature of
the given input was compatible with the nature of the required response, as there would be
no need to transfer information between the verbal and non-verbal semantic systems.^

®Note that the Modality-Specific Content hypothesis, which is able to account for the interaction between input
modality and information type observed in Experiment 4.1, has more difficulty in explaining this interaction
between input modahty and response type. In order to account for this interaction, it would be necessary to
suggest that decisions about harmfiilness may.be made on the basis of either visual semantic information or
verbal semantic information.
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5.9 Conclusions

The results of the present experiment demonstrate that there is no interaction between the
effects of input modality and decision type (yes/no or a comparison) on the time taken to
make semantic decisions on an abstract dimension. This means that the interaction between
the effects of input modality and the style of stimulus presentation in Experiment 4.2 cannot
be explained in terms of the fact that a comparison process was involved in the paired
stimulus condition but not in the single stimulus condition.

It is not yet clear why the effects of stimulus modality and the style of stimulus presentation
should interact with one another. It could be argued that the responses to single stimuli in
Experiment 4.2 may be considered to be verbal and the responses to paired stimuli non
verbal. This would open up the possibility that the observed interaction arose because verbal
and non-verbal input are more compatible with verbal and non-verbal responses respectively.
This possibility is, of course, highly speculative at present. However, the results of these
experiments do suggest that different patterns of results may be produced by using different
experimental methods, even when the semantic information that is required to perform the
experimental tasks is ostensibly the same. If this is indeed the case, then this is an important
factor to be taken into account when interpreting the results of tests of semantic knowledge.
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Chapter 6

Can Modality-Specificity account for Category-Specificity?

6.1 Overview

It has recently been claimed that the characteristics of a category-specific impairment of
semantic memory can be simulated by a parallel distributed computational model of semantic
memory which only distinguishes between modalities of knowledge (i.e. functional versus
sensory information; Farah and McClelland 1991). If this is the case, it would provide
support for models that posit that semantic memory is organized by modality in some way,
as such models would be able to account for both modality-specific effects and categoryspecific effects in a parsimonious manner. In this chapter, the literature on patients with
category-specific deficits of semantic memory is discussed together with a re-examination
of one such patient in order to assess whether this particular computational model has in fact
produced an adequate characterization of the pattern of performance observed in these
patients. The issue of whether the performance of the model lends support to any of the
current theories of semantic processing is also discussed.

6.2 Category-specific deficits of semantic memory

In recent years there have been a number of reports of patients who have developed
category-specific recognition disorders following brain damage. Such deficits have aroused
considerable interest within cognitive neuropsychology, as they have important implications
for theories concerned with the structure of our stored knowledge about the world. The
most commonly reported pattern is for identification of the broad category of living things
to be more impaired than non-living things (Warrington and Shallice 1984; Sartori and Job
1988; Silveri and Gainotti 1988; Farah, McMullen and Meyer 1991; Hart and Gordon 1992;
Laiacona, Barbarotto and Capitani 1993; Sheridan and Humphreys 1993; Sartori, Miozzo
and Job 1993). However, Warrington and McCarthy (1983; 1987) have observed the
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opposite dissociation in two global aphasies (using picture-word matching techniques), and
Hillis and Caramazza (1991) and Sacchett and Humphreys (1992) have reported cases of
patients with good naming of living relative to non-living things. These contrasting patterns
of impairment demonstrate that category-specific deficits cannot be explained simply in
terms of task difficulties, and suggest that the organization of semantic knowledge in the
brain may honour these categorical distinctions.

6.3 Are category-specific deficits for living things artifactual?

The original reports of semantic impairments that were more severe for living than non
living things (Warrington and Shallice 1984) have been criticized on methodological
grounds. A number of authors have pointed out that animate objects are at a disadvantage
relative to inanimate objects on several dimensions that are known to affect processing
difficulty (Riddoch and Humphreys 1987; Funnell and Sheridan 1992; Stewart, Parkin and
Hunkin 1992). It could, therefore, be argued that category-specific impairments for living
things are an artifact of the differences in processing difficulty between different categories.
In support of this view, Stewart et al. (1992) have described the case of a patient whose
apparently category-specific naming impairment (which selectively affected animals) was
eliminated when word fi’equency, concept familiarity and visual complexity were controlled
for simultaneously. Similarly, Funnell and Sheridan (1992) demonstrated that an apparently
category-specific deficit in picture-naming disappeared when living and non-living things
were matched for familiarity. Furthermore, they demonstrated that in a widely used set of
published pictures (Snodgrass and Vanderwart 1980), living things are generally of lower
familiarity than non-living things. They concluded that there was therefore no convincing
evidence to support the theory that semantic memory is organised into dissociable categories
of living and non-living things.

However, although it may be true that some reported cases of apparently category-specific
deficits of semantic memory are of an artifactual nature, not all cases may be explained in
terms of differences in processing difficulty between categories. First, Warrington and
Shallice (1984) did take the potential effects of word frequency and visual familiarity into
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account using an analysis of covariance. Second, a number of authors have demonstrated
that a category-specific deficit for living things may still emerge when the factors that
Funnell and Sheridan and Stewart et al. suggest are responsible for category-specific effects
are controlled for (Farah McMullen and Meyer 1991; Hart and Gordon 1992; Sheridan and
Humphreys 1993; Laiacona, Barbarotto and Capitani 1993; Sartori, Miozzo and Job 1993).
It has also been pointed out that the initial effect found by Funnell and Sheridan was found
with repeated presentations of a small stimulus set, and that the effect that "disappeared"
may therefore never have existed (Saffran and Schwartz 1992). Furthermore, selective
deficits for non-living things cannot be accounted for in terms of differences in processing
difficulty, because artifacts have an advantage relative to natural kinds on variables such as
word fi-equency, concept familiarity and visual complexity (Warrington and McCarthy 1983;
1987; Sacchett and Humphreys 1992). However, perhaps the strongest evidence that
category-specific disorders of semantic memory are not an artifact of task difficulties comes
fi'om a report of two patients who showed a double dissociation of semantic categories on
the same stimulus materials (Hillis and Caramazza 1991). One patient (PS) was reported to
be selectively impaired for animals but not artifacts across a variety of tasks, while the other
patient (JJ) showed a selective preservation of knowledge about animals. In addition, PS
performed much better than JJ on artifacts, whereas the reverse was the case for animals.
This means that at least one of the deficits cannot be explained in terms of task difficulties.^
It appears, therefore, that it is possible for impairments of semantic memory to be genuinely
category-specific.

6.4 Is Hving/non-living the relevant distinction?

The existence of apparently non-artifactual selective deficits for living and non-living things
suggests that processes that deal with these categories may be functionally isolable in the
brain. The question then becomes whether the grouping in terms of taxonomic categories
that has been used to capture the distinction between the knowledge that is impaired and
preserved in these patients - i.e. living versus non-living things - actually represents an
organizing principle of semantic knowledge in the brain, or whether the observed category

’ See Shallice 1988b, Chapter 10 for a discussion of the valid definition of a double dissociation.
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effects are in fact simply an emergent effect of some other organizing principle.

A number of findings suggest that membership of a biological category is not the critical
factor. For example, although the general pattern of performance demonstrated by patient
JBR (Warrington and Shallice 1984) indicated that he had impaired knowledge of living
relative to non-living things, his comprehension of most musical instruments, fabrics and
precious stones (all inanimate categories) was extremely poor, whereas he successfully
identified most body parts (which are animate). Such anomalies led Warrington and Shallice
to suggest that categorical distinctions may not be a first-order organizing principle of
semantic memory. Instead they argued that categorical distinctions may be the result of
semantically similar concepts being represented by similar underlying semantic primitives.
Category-specific deficits could then arise from damage to a subset of primitives that is
particularly important for the representation of a group of related concepts.

In one version of this hypothesis, Warrington and her colleagues suggested that
dissociations between knowledge of living and non-living things may be explained by making
a distinction between functional and sensory attributes (Warrington and McCarthy 1983;
Warrington and Shallice 1984). They argued that the identification of inanimate objects
crucially depends on determination of their functional significance, but that this type of
information is largely irrelevant for the identification of living things. By contrast, the defining characteristics of living things consist primarily of sensory attributes, which are less
important for the identification of inanimate objects. They therefore speculated that a
semantic system based on functional attributes may have evolved for the identification of
inanimate objects, whereas other semantic systems based on sensory features may have
developed for the identification of living things. Members of each category might have some
representation in the converse system, but this would be inadequate for precise
identification. Category-specific deficits for living or non-living things could then arise as
a result of damage to semantic systems based on sensory or functional features respectively.
For example, JBR may be considered to have impaired knowledge of semantic information
about sensory features, which would disproportionately affect his ability to identify living
things. His impaired performance for objects fi’om certain inanimate categories (musical
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instruments, fabrics and gemstones) may be the result of their being principally defined in
terms of their sensory properties. By contrast, body parts (which he was able to identify
successfully) may be defined mainly in terms of their function, and hence be spared. This
interpretation is strengthened by the finding that patient YOT (Warrington and McCarthy
1987), whose general pattern of performance on living and non-living things was the
opposite to that demonstrated by JBR, was good at identifying fabrics, but poor at
identifying body parts.

The functional/sensory distinction has therefore been shown to be able to accommodate a
number of findings that are problematic for the living/non-living distinction.

6.5 Is functional/sensory the relevant distinction?

Although the distinction between functional and sensory properties provides an adequate
account of the broad dissociations that have been observed between knowledge of living and
non-living things, and also some of the fractionations that have been observed within these
categories, some further fractionations appear to present a problem for this formulation. For
example, one of the patients (JJ) described by Hillis and Caramazza (1991) demonstrated
a selective preservation of the ability to name animals (i.e. animals dissociated from fruits
and vegetables), whilst a patient (MD) described by Hart, Bemdt and Caramazza (1985) had
a selective deficit in identifying fiuits and vegetables. Yamadori and Albert (1973) have
described a patient with particularly impaired comprehension of indoor objects as compared
with outdoor objects, while Warrington and McCarthy (1987) reported that their patient
(YOT) had impaired knowledge of small, manipulable objects (e.g. chair, shoe), but
preserved knowledge of large, outdoor objects (e.g. aeroplane, bridge). These fine-grained
fractionations of semantic categories appear to undermine an explanation of categoryspecific deficits that is cast purely in terms of the fimctional/sensory distinction, as
information about sensory properties would appear to be equally important for the
identification of both animals and fruits and vegetables, and knowledge about functional
attributes would seem to be equally relevant to the identification of both indoor and outdoor
objects.
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Warrington and McCarthy (1987) recognised that the functional/sensory distinction did not
provide an adequate account of the pattern of performance shown by YOT. They therefore
attempted to extend the framework in order to account for the fine-grained dissociations
that had been observed within the categories of living and non-living things. They proposed
that category-specific impairments may arise "not only as a consequence of different
weighting values between information from each of the major sensory/motor modalities, but
also as a consequence of different weighting values on more specialized channels within
each modality" (p. 1291). For example, they suggested that within the visual modality, there
may be specialized channels for the processing of colour, shape, motion and location.
Impairment to information in one of these more specialized channels would give rise to a
very specific semantic impairment. For example, they suggested that an impairment to
knowledge about colour could produce a deficit specific to naming fruits and vegetables.
They argued that this category would be disproportionately impaired compared to, for
example, the category of flowers, as although visual information would be the dominant
sensory channel for the representation of both categories, colour rather than shape would
be the critical attribute for fiuits and vegetables, whereas the opposite would be the case for
flowers. Similarly, in order to account for the observed dissociations between knowledge
about small, manipulable objects and large, outdoor objects, they argued that although both
of these classes of object may have a core meaning that is represented in terms of function,
the weightings on sensory/motor information may differ in the two cases. Visual information
may be important for differentiating between large objects, but be less salient for small,
manipulable objects. Meanwhile, somatosensory information and information derived from
actions may be highly salient for small, manipulable objects, but less so for large objects.
Hence Warrington and McCarthy argued that each of these specialized sensory/motor
channels will differ with respect to the amount of information that they contribute to the
processes involved in the initial acquisition and later comprehension of the meaning of
objects.

6.6 Criticisms of the revised functional/sensory hypothesis

Caramazza, Hillis, Leek and Miozzo (1994) have argued that there are a number of
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problems with Warrington and McCarthy's revised version of the functional/sensory
hypothesis. Firstly, they have argued that it is not obvious that the categories of living things
which have been shown to dissociate from one another (i.e. animals and fruits and
vegetables) do in fact differ in terms of the importance of shape and colour to the
differentiation of their members. Indeed, although the pair of fruits (blackberry/raspberry)
chosen as an example by Warrington and McCarthy are primarily differentiated from one
another in terms of their colour, this is not the case for other possible pairs of fruits, such
as banana/lemon, peas/green beans or apple/pear. Caramazza et al. also attempt to make the
complementary argument about the category of flowers - i.e. that shape information is not
necessarily more important for their differentiation than information about colour. However,
although they do provide an example (daisy/black-eyed susan) that illustrates that it is
possible for this to be the case, this would appear to be the exception rather than the rule.
Few flowers are so similar to other flowers in shape that colour becomes a crucial factor,
and few have a colour that is so distinctive as to render information about shape
superfluous. It is perhaps more accurate to say that, while both colour and shape
information may be extremely important in the semantic representations of fruits and
vegetables, colour information may be less important than shape for flowers. Damage to
stored colour information would therefore result in a semantic deficit specific to the
category of fruits and vegetables.

However, Caramazza et al. (1994) have argued that an explanation of MD's inability to
name fruits and vegetables in terms of an impairment to information about colour is
undermined by his ability to name colours, and by his inability to name fruits and vegetables
from tactile stimulation (Hart, Bemdt and Caramazza 1985). However, this is not
necessarily the case. Firstly, the ability to name colours has been demonstrated to be
dissociable from the ability to identify the correct colours of objects see, for example,
Geschwind and Fusillo 1966; Farah, Levine and Calvanio 1988). This suggests that the
knowledge that is necessary for naming colours is stored separately from knowledge about
the typical colours of objects. It is the latter type of information that would be crucial in the
semantic representations of fruits and vegetables. Secondly, the fact that MD's impairment
was also apparent with tactile input is not necessarily problematic for Warrington and

181

McCarthy's theory. Caramazza et al. (1994) have taken the view that the visual/verbal and
fimctional/sensory distinctions made by Warrington and McCarthy are synonymous with one
another. This is demonstrated by their statement that "On this hypothesis, a categoryspecific deficit for living things would be the result of selective damage to a visual semantic
subsystem and a category-specific deficit for non-living things would be the result of
selective damage to a fimctional semantic (verbal) subsystem" (p. 74). However, this is not
an accurate characterization of Warrington and McCarthy's theory. The latter authors have
argued that semantic information is organised by both input modality and information type.
Thus they have argued that the organization of semantic memory into functional and sensory
attributes occurs within semantic systems that are accessed by different modalities of input.
Hence, damage to colour information could occur within systems accessed by visual, verbal
or tactile input. Even within Caramazza et al.'s characterization of the multiple semantics
hypothesis (which corresponds to the Modality-Specific Content hypothesis) it would not
necessarily be the case that an impairment to the visual/sensory system would only affect
tasks involving visual stimuli. The identification of fruits and vegetables from tactile input
might also be affected if information stored in the visual/sensory system is necessary for the
identification of members of this category.

Nevertheless, Caramazza et al. maintain that there are a number of observed dissociations
which are difficult to explain in terms of the revised fimctional/sensory hypothesis. They
argue that it is difficult, for example, to identify specific functional or sensory channels
which, if damaged, would explain impaired processing of animals and vegetables, but not
modes of transport (patient JBR [Warrington and Shallice 1984]), or impaired processing
of vegetables but not animals and modes of transport (patient JJ, late in his recovery [Hillis
and Caramazza 1991]). Caramazza et al. conclude that the proposal that category-specific
deficits reflect damage to specialized subregions of functional and sensory channels cannot,
therefore, account for the reported data. However, although such fine-grained fractionations
of semantic categories are indeed, at first sight, difficult to incorporate within the revised
fimctional/sensory hypothesis, they do not necessarily represent insurmountable problems
for it. The dissociations between the categories of animals, fhiits and vegetables and forms
of transport may be explicable in terms of different weightings on information about shape.
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colour, function and motility in their representations. For example, the selective impairment
of knowledge about the broad category of living things (observed in JBR) may be the result
of damage to sensory information in general, while the selective preservation of knowledge
about animals and modes of transport (observed in JJ) may be the result of a selective
preservation of knowledge about motility.

The criticisms put forward by Caramazza et al. do not, therefore, constitute a strong case
against the revised form of the fimctional/sensory hypothesis favoured by Warrington and
McCarthy. However, a number of alternative accounts of category-specific deficits of
semantic memory have been advanced.

6.7 The Cascade model of unitary semantics on category-specific deficits

Humphreys and his colleagues (Riddoch and Humphreys 1987a; 1987b; Riddoch,
Humphreys, Coltheart and Funnell 1988; Sacchett and Humphreys 1992; Sheridan and
Humphreys 1993) have suggested that semantic impairments for living things may be
accounted by their Cascade model of picture naming, in which partial information can be
passed between different representations (structural, semantic and phonological). Sheridan
and Humphreys have argued that problems with natural categories may arise as a result of
damage at several different levels of this system. For example, particular patients may have
an impaired ability to make fine visual-perceptual discriminations (Riddoch and Humphreys
1987a), impaired structural descriptions (Sartori and Job 1988), an impairment to an amodal
semantic store (Sheridan and Humphreys 1993) or impaired transmission of information
fi*om intact structural descriptions to an intact semantic system (Riddoch and Humphreys
1987b).

In addition to their claim that deficits for living things can arise from damage sustained at
various functional loci, Humphreys and his colleagues have suggested that their model can
account for the observation that for certain patients it is knowledge of living relative to non
living things that is impaired, while for others, the converse is true. Sheridan | and
Humphreys suggest that "General damage at a particular processing level may ... affect some

183

categories more than others, according to the parameters defining similarity at each level”
(1993, p. 169), and go on to state that "Various forms of category-specific impairment can
be found in different patients because the parameters defining similarity differ at contrasting
levels of the system. Hence dissociations between the category-specific impairments can be
accommodated (e.g. biological objects v. artifacts and vice versa) providing the patients
have lesions at differentfunctional loci in the system" (p. 171, my italics).

However, although this account is useful in terms of explaining why category-specific
deficits for living things may be apparent on different tasks for different patients, it does not
contribute any particularly novel ideas as to why different categories are impaired in
different patients. The patients which Sheridan and Humphreys cite as examples of deficits
at each level of the Cascade system (see above) were all impaired on living things. Hence
the level-of-impairment account does not explain why for some patients it is knowledge of
non-living things that is impaired. Secondly, it is not clear that non-living things would have
representations that are more similar to one another than living things at any level of
processing in the Cascade model. For example, similarity at the level of structural
descriptions would be defined in terms of structural properties, and so a deficit at this level
would affect categories with structurally similar members. Living things would therefore be
more impaired than non-hving things. As the system is defined as operating in cascade,
structural similarity would also be expected to determine which categories would b&
disproportionately affected by a deficit in transmitting information from structural
descriptions to the semantic system. Hence a deficit at this level would also result in greater
difSculty with living things. The only level at which Sheridan and Humphreys suggest that
similarity of representations could disadvantage items from the non-living category is within
the semantic system. They argue that damage at this level could affect categories whose
members are fimctionally similar (such as foods) or whose members are used in similar ways
(such as small manipulable objects). However, the level-of-impairment hypothesis does not,
in itself, indicate what would determine which of these categories would be
disproportionately impaired in a particular patient. Also, it does not provide an account of
category-specific deficits for living things that appear to arise from damage to semantic
representations themselves. Hence this hypothesis does not provide any account of the
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double dissociation that has been observed between knowledge of living and non-living
things.
In order to account for the fact that different patients are impaired on different categories,
it was necessary for Sheridan and Humphreys to elaborate on their hypothesis and to
suggest that "there may be direct links between memory deficits for particular object
properties (such as colour) and recognition impairments for particular categories of object
(such as food, and to a lesser extent animals" (p. 171). However, this additional assumption
renders their account of category-specific deficits arising fi-om damage to stored semantic
representations indistinguishable from the revised fimctional/sensory hypothesis proposed
by Warrington and McCarthy.

The similarity between the extended version of the Cascade model and the revised
fimctional/sensory hypothesis can be seen in another paper in which Sacchett and
Humphreys (1992) describe a patient with impaired knowledge of non-living relative to
living things. These authors concede that this type of impairment cannot be explained in
terms of vyithin-category visual similarity, as the impaired categories are those with less
structural similarity between their members. Instead they conclude that the double
dissociation between knowledge of living and non-living things indicates that semantic
information is, to some extent, organized along categorical lines. They argue that there are
a number of reasons why this might be expected to be the case. Firstly, they suggest that
categorical organization may arise because different categories vary in their associations
with different modalities. They suggest that, for example, living things may be strongly
associated with colour, while small objects may be associated with fine hand manipulations
(following Warrington and Shallice 1984 and Warrington and McCarthy 1987). They also
concur with Warrington and Shallice (1984) that categories differ in terms of the type of
information that is crucial for the discrimination of their members (e.g. functional and
perceptual properties may be particularly important for identifying inanimate objects and
living things respectively). Finally, they argue that living and non-living things differ in that
the former are discriminated from one another by the relative scaling of similar parts in the
same spatial relations, while for the latter, discrimination depends on distinguishing between
the local spatial relations between the same local parts.
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Sacchett and Humphreys argue that category-specific deficits could then arise from an
impairment to associations with particular modalities, damage to stored information about
functional or perceptual attributes or an impairment to specific visual processing routines.
At least the first two of these possibilities appear to be reducible to the view that categoryspecific impairments (arising from damage at the semantic level) are caused by impairments
to information from particular sensory or motor channels (or more specialized channels
within these domains). Hence, this explanation of category-specific deficits is equivalent to
the revised functional/sensory hypothesis put forward by Warrington and McCarthy.

6.8 OUCH on category-specific deficits

Caramazza and his colleagues base their account of category-specific effects on the
supposition that the semantic system consists of a set of representations that incorporate
both perceptual and functional features, and that the representations of items from the same
category contain overlapping subsets of features. They argue that brain regions are
specialized for certain semantic features, but that these attributes are not simply reducible
to a fimctional/sensory distinction. Damage to some of these features would affect a number
of related items. For example, they suggest that damage to the features <domestic>, <fiirry>
and <camivorous> would impair processing of items from the category of animals (Hillis
and Caramazza 1991; Caramazza, Hillis, Rapp and Romani 1990). Furthermore, they argue
that the specificity of the categories that have been impaired or preserved in some patients
(such as the selective preservation of JTs knowledge about animals [Hillis and Caramazza
1991]) suggests that the underlying features correspond quite closely to the boundaries of
conceptual categories. This is in contrast to the view that such features might correspond
to subgroups within and across categories (see, for example, Damasio [1990]).

6.9 The Identification Procedures theory on category-specific deficits

Chertkow and his colleagues do not attempt to account for category-specific deficits of
semantic memory vrithin their Identification Procedures theory.
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6.10 Predictions of each theory with regard to category-specific deficits

One of the ways in which these theories differ is that some of them predict that the
performance of patients with apparently category-specific deficits will be characterized by
category-specificity itself, while others predict that the performance of such patients will be
characterized by attribute-specificity. That is, some of these theories predict that a patient
with a semantic deficit for living things will demonstrate impaired knowledge of all of the
properties of living things, and intact knowledge about non-living things, while others
predict that such a patient will demonstrate impaired knowledge of the visual properties of
all categories, with better preserved knowledge of the functional properties of all categories.
(See Table 2.1 for a summary of the predictions of each theory).

The most simple explanation of category-specific semantic deficits would be to posit that
semantic memory is organized by category, and that brain damage may selectively impair
particular categories. Such a theory would predict that patients with category-specific
deficits should be impaired on items fi'om the affected category, regardless of whether visual
or functional knowledge is tapped. This impairment would be observed in the context of
relatively preserved knowledge about items from other categories.

The same predictions are also made by OUCH. This theory states that category-specific
deficits are the result of damage to semantic predicates that correspond quite closely to the
borders of taxonomic categories. Category-specific deficits are therefore expected to be
characterized by category-specificity rather than by attribute specificity, particularly when
the latter is cast in terms of a distinction between functional and sensory properties.

According to the revised fimctional/sensory hypothesis of Warrington and McCarthy,
category-specific deficits are the result of damage to information fi'om particular
sensory/motor channels. This theory therefore predicts that category-specific deficits will
be characterized by attribute-specificity.

Within recent versions of the Cascade model, category-specific deficits (arising from damage
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at the level of semantic representations) are again said to be the result of damage to
particular types of information that are especially important for the identification of certain
categories. This means that this theory also predicts that the performance of a patient with
a category-specific deficit arising from an impairment at the semantic level will be
characterized by attribute-specificity.

Within Shallice's description of the multiple semantics hypothesis in terms of a distributed
network, he suggests that regions of the net are specialized for particular processes (such
as the representation of functional or sensory attributes). Category-specific deficits are
considered to be the result of damage to subregions of these specialized processing areas.
This statement seems to imply that category-specific deficits will be characterized by
attribute-specificity. However, Shallice has further suggested that the semantic
representations of related concepts form semi-modules because they make use of similar
input-output pathways. The latter statement suggests that the specific region of the net used
to identify members of a particular category is determined not only by the type of process
that is crucial for the representation of members of that category (e.g. the representation of
sensory or functional information), but also by the input and output modalities which are
most used in the context of members of that category. However, as Shallice does not state
which type of organization (by input modality, output modality or type of process) is
primary, it is not possible to determine whether category-specific impairments of semantic
memory would be expected to be characterized by category-specificity or by attribute
specificity, or indeed whether it would be possible for such deficits to be both categoryspecific and attribute specific.

6.11 Empirical evidence with regard to the functional/sensory distinction

Since Warrington and her colleagues suggested that category-specific deficits may be
explained in terms of disproportionate impairment to information from particular
sensory/motor modalities, a number of authors have examined the performance of patients
with category-specific impairments for living things on tasks designed to differentiate
between various types of semantic knowledge. Although the fimctional/sensory hypothesis
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has been extended to include specialized channels within each of the main sensory/motor
modalities, these studies have concentrated on the broad distinction between sensory and
functional (or visual and non-visual) information.

One of the first studies of this type was carried out by Silveri and Gainotti (1988). These
authors found that, in a task of naming animals to definition, their patient (LA) performed
much better when the definitions consisted of verbal metaphorical expressions or functional
descriptions than when they stressed visual perceptual features. At first these results appear
to support the view that the patient's deficit for the category of animals was associated with
an impairment to visual knowledge. However, Stewart, Parkin and Hunkin (1992) have
pointed out that the mean word frequency of the items described by functional attributes
was higher than the mean frequency of the items that were described in terms of visual
properties, suggesting that the superior performance with the former type of definition may
have been an artifact of word frequency. Furthermore, Hillis, Rapp, Romani and Caramazza
(1990) have noted that in all tasks, the patient demonstrated superior knowledge of
domestic animals than wild animals. This distinction is important because 79% of the
definitions containing verbal features referred to domestic animals, whereas only 18% of the
definitions containing perceptual features did so. The possibility that this patient's greater
success with functional rather than visual definitions was an artifact of other factors cannot,
therefore, be ruled out.

A number of other studies support the view that category-specific deficits for living things
are associated with an impairment to visual knowledge. Hart and Gordon (1992) and De
Renzi and Lucchelli (1994) have both described patients who, when tested in the verbal
modality, demonstrated impaired knowledge of the visual attributes of living things in the
context of intact knowledge of their non-perceptual properties. Sartori and his colleagues
(Sartori and Job 1988; Sartori, Coltheart, Miozzo and Job 1994) and Farah, Hammond,
Mehta and Ratcliff (1989) have also reported patients whose knowledge of the visual
characteristics of living things was much worse than their knowledge of their non-visual
properties. Finally, Riddoch and Humphreys (1993) have described a patient who was good
at naming living things from functional definitions, but poor at naming them from visual
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definitions. These findings suggest that category-specific deficits for living things may
indeed be related to impairments of visual knowledge, and hence lend some support to those
theories of semantic processing which explain category-specific deficits in terms of damage
to information from particular sensory/motor modalities.

However, another set of findings seems to contradict this view. Patients have been described
whose deficit for living things affects both visual and non-visual information. For example,
Laiacona, Barbarotto and Capitani (1993) tested the semantic knowledge of two patients
(FM and GR) with a verbal questionnaire, and found a category effect that was unrelated
to question type. They observed a general deficit for living things, which did not spare
associative information, in the context of preserved knowledge of both the perceptual and
fimctional attributes of non-living things. Sheridan and Humphreys (1993) have reported a
similar case. Although their patient (SB) had intact stored perceptual knowledge when
tested visually (by object decision), her ability to retrieve both visual and verbal information
about concepts from their names was significantly poorer for living things. Finally, Mehta,
Newcombe and de Haan (1992; see also Newcombe, Mehta and de Haan 1994) have also
described a patient (MS) who had impaired knowledge of both the visual and functional
attributes of living relative to non-living things.

The latter pattern of performance undermines the view that category-specific deficits for
living things are the result of damage to visual knowledge, as these patients each
demonstrated an impairment to both visual and functional knowledge about living things.
This pattern of performance suggests that, for these patients, the impairment may be
genuinely category-specific rather than attribute-specific. Hence cases such as these would
appear to support models of semantic processing that posit that the semantic system is
organized by taxonomic category.

However, Farah and McClelland (1991) have recently presented a model of semantic
processing which, they claim, demonstrates that the observation of impaired functional
knowledge of living things can be accounted for without rejecting the notion that categoryspecific deficits for living things are the result of damage to visual knowledge.
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6.12 A computational model of semantic memory impairment

Farah and McClelland have recently developed a computational model of semantic memory
which, they claim, demonstrates that category-specific impairments can be accounted for by
a system that is organized by modality, without requiring further organization by category
(Farah and McClelland, 1991; Farah 1994). The basic model consisted of three pools of
units, corresponding to verbal inputs or outputs (name units), visual inputs or outputs
(picture units) and semantic memory representations. There were bi-directional connections
both within and between pools, with the exception that there were no direct connections
between the name and picture units. The semantic representations were divided into visual
and functional units. Any particular item was represented by a pattern of activation over the
name and picture units, and a pattern of activation over a subset of the semantic units. The
average ratios of visual to functional units in the semantic representations of living and non
living things were determined by asking normal subjects to identify the number of visual and
functional descriptors used in the dictionary definitions of the items used. The resultant
ratios of visual to functional units were 7.7:1 for living things and 1.4:1 for non-living
things. The overall ratio of visual to functional units was roughly 3:1.

The model was trained using the delta rule (Rumelhart, Hinton and McClelland 1986) to
associate the correct semantic and name pattern when presented with each picture pattern,
and the correct semantic and picture pattern when presented with each name pattern. The
model was then damaged by eliminating different proportions of visual and functional
semantic units, and the effects of such "lesions" on the model's performance on a simulated
picture-name association task were explored. (Half of the trials simulated picture naming,
while the other half simulated auditory matching-to-sample.) The normalized dot product
of the observed pattern across the semantic units and the correct pattern, which provides
a measure between 0 (completely dissimilar) and 1 (identical) served as the dependent
measure. It was found that, with increased damage to visual semantics, the performance of
the model on the picture-name association task dropped, and that this decline was more
precipitous for living than for non-living things. This would appear to correspond to a
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selective impairment of semantic memory for living things. By contrast, damage to
functional semantic memory impaired knowledge of non-living things to a greater extent
than living things.

The ability of the model to simulate category-specific deficits in this way is not particularly
surprising, given the manner in which the two categories were represented by different ratios
of visual to functional semantic units. However, it was also claimed that the model could
simulate the observation that for some patients with impaired knowledge of living things,
the deficit extends to the functional properties of these items. When the model's ability to
produce the correct pattern in functional semantics on presentation of a name pattern or
picture pattern was assessed, it was observed that, for all levels of damage to visual
semantic units, the ability to retrievefunctional semantic knowledge was more impaired for
living than for non-living things.

Farah and McClelland therefore argued that the characteristics of a category-specific
semantic memory impairment can be simulated by a parallel distributed model which only
distinguishes between modalities of knowledge, as long as the model also incorporates the
idea of active, distributed representations, in which the activation of a representation
depends on mutual support amongst different parts of the representation. They argued that,
although such representations are quite robust, large amounts of damage will deprive intact
portions of the representation of the support necessary to attain their proper activation
levels. Because the semantic representations of living things include more visual units than
the representations of non-living things, the former category would be more impaired by
damage to visual semantic units. In addition, because living things have a high ratio of visual
to functional semantic units, damage to visual units would deprive the functional units of
living things of the collateral activation necessary to attain their proper activation levels.
Hence, the quality of functional semantic information about living things would be inferior
to functional information about inanimate objects, despite the fact that functional units
themselves would not be impaired.

This model appears, therefore, to be able to account for a pattern of performance
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demonstrated by some patients with category-specific impairments that initially posed a
problem for those models of semantic processing which explain category-specific deficits
for living things in terms of damage to visual information.

6.13 Which theory of semantic memory does the Farah and McClelland model
operationalize?

In order to assess the extent to which results obtained from the Farah and McClelland model
may be considered to be a useful means of comparing the relative merits of current theories
of semantic processing, it is necessary to examine the extent to which this model
corresponds to any of these theories.

One important characteristic of Farah and McClelland's model is that both picture units and
name units have direct access to visual semantic units and to functional semantic units. Thus
when these authors claim that their model is organized by modality, this does not mean that
the model is organized by input modality, but rather that it is organized by modality of
information. This lack of any influence of input modality means that the model is not an
accurate characterization of any permutation of the multiple semantics hypothesis. Neither
is it an accurate characterization of any unitary semantics model that posits a privileged
relationship between any input modality and any part of the semantic system (such as
OUCH, the Identification Procedures theory, or even the Cascade model of unitary
semantics^). However, it was not Farah and McClelland's aim to simulate the aspects of
these theories which are concerned with the effects of input modality. Rather, their aim was
to evaluate the extent to which a system that only distinguishes between modalities of
information can account for category-specific effects.

As the model makes a broad distinction between fimctional and sensory attributes, it
corresponds in this respect to the relevant aspects of Warrington and McCarthy's version
of the multiple semantics hypothesis and the Modality-Specific Content hypothesis. The

^ It could be argued that the representation of perceptual information in structural descriptions in the Cascade
model is an example of privileged access to semantic information from visual input.
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model also corresponds to some aspects of the extended Cascade model, although the
authors of the latter hypothesis have been less clear as to the extent to which the
ftinctional/sensory distinction constitutes a major organizing principle of semantic memory.
For the reasons outlined earlier, it is not possible to ascertain the extent to which the model
may be considered to correspond to the organizing framework described by Shallice.
However, what is certain is that Farah and McClelland's model does not correspond to those
theories of semantic processing which posit that taxonomic category itself is a first-order
organizing principle of semantic memory, or to those which state that the organization of
semantic memory corresponds very closely to such a pattern (such as OUCH).

Overall, therefore, Farah and McClelland's model is not a complete characterization of any
one theory of semantic processing. However, it is similar to some theories in that it
incorporates the fimctional/sensory distinction as a major organizing principle. The extent
to which the model can account for the broad characteristics of category-specific deficits
may therefore be used as a means of discriminating between those theories which posit that
the fimctional/sensory distinction is a major organizing principle of semantic memory and
those that do not.

6.14 Introduction to Experiment 6.1

In this study, some of the predictions of the Farah and McClelland model that have not been
addressed by the model's authors will be tested. In order to assess the extent to which these
predictions correspond to the actual pattern of performance demonstrated by patients vrith
category-specific deficits for living things, results obtained from the model will be compared
to results obtained from a re-examination of patient JBR (who was originally studied by
Warrington and Shallice 1984).

Farah and McClelland have demonstrated that their model is able to account for the fact that
patients with impaired knowledge of living things sometimes show impaired knowledge of
the fimctional properties of the affected items. This effect was simulated by ablating only
visual semantic units. However, these authors do not present data with respect to the quality
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of visual semantic information about living and non-living things that is available when
visual semantic units are damaged.

When the relevant data (from personal communication) are examined, it can be seen that the
model predicts that, when visual semantic units are damaged, the amount of visual
information available will, (not surprisingly), be much reduced. More importantly, the model
predicts that visual knowledge about living and non-living things will be affected to a similar
extent. These data are given in Table 6.1, and are illustrated in Figures 6. la and 6. lb.

Table 6.1: Performance of the basic model of Farah and McClelland (1991) on visual
and functional knowledge of living and non-living things after different amounts of
damage to visual semantic units (as measured by the dot product of the correct and
obtained visual and functional semantic patterns).

Amount of
Damage
(% of Visual
Semantic Units
Destroyed)

Visual Knowledge

Functional Knowledge

Living

Non-living

Living

Non-living

Mean

Mean

Mean

Mean

0

1.00

1.00

1.00

1.00

20

.75

.77

.92

.95

40

.53

.51

.84

.91

60

.38

.43

.80

.89

80

.12

.14

.70

.84

The data for Functional Knowledge are taken from Farah and McClelland (1991) and the data for Visual
Knowledge are taken from personal communication.

On examining Figures 6.1a and 6.1b, it can be seen that Farah and McClelland's model
predicts that a category-specific deficit for living things will be characterized by attributespecificity. Visual information about all categories will be greatly impaired. The model
predicts that there will also be some degree of impairment to functional knowledge about
living things relative to non-living things, as a result of the lack of support from visual
semantic units to functional semantic units. However, this effect will be very slight in
comparison with the much larger effect of attribute-type. In other words, this model predicts
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that the quality of information available to a patient with a category-specific deficit will be
influenced to a much greater extent by the type of information that is asked for than by the
category to which the target concept belongs.

Figure 6.1: Performance of the basic model of Farah & McClelland (1991) after
different amounts of damage to visual semantic units
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The aim of the present study is to investigate the extent to which these predictions
correspond to results obtained from a re-examination of patient JBR's semantic knowledge.

6.14.1 Patient JBR: Background

Patient JBR was first described by Warrington and Shallice in 1984. The background data
given here are taken from that study.

JBR was a 23-year-old electronics undergraduate who had made a partial recovery from
herpes simplex encephalitis. A CT scan demonstrated that he had sustained bilateral
temporal damage.

His performance on intelligence tests was average - he had a Verbal IQ of 101 and a
Performance IQ of 103. However, he was extremely disorientated in time and place, and had
a dense anterograde and retrograde amnesia. His visual-perceptual skills were good. For
example, he achieved a perfect score on Warrington and Taylor's (1978) test of matching
photographs of objects taken from usual and unusual views. His spontaneous speech was
fluent, although he did demonstrate some word-finding difficulties. He made no errors on
the modified version of the Token Test (Coughlan and Warrington 1978). However, he
failed to score on a graded difficulty naming test (GNT) (McKenna and Warrington 1983)
and on the NART (Nelson 1982). He also scored very poorly on the Peabody Picture
Vocabulary Test. Finally, his performance on the Shallice and McGill Concrete/Abstract
Picture Word Matching Test was very impaired. Warrington and Shallice therefore
concluded that JBR's visual identification and word comprehension abilities were
significantly impaired.

Clinical observation suggested that JBR's problems with identification and comprehension
were more severe for living things than for inanimate objects. His visual identification and
auditory comprehension capabilities were therefore examined in more detail. A number of
studies demonstrated that JBR had an impairment of semantic memory that was much more
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severe for living things than non-living things (despite the fact that the two sets did not differ
significantly in terms of spoken word frequency). This general pattern of performance was
observed using both visual and verbal stimuli.

JBR's pattern of performance also demonstrated a number of the qualities that Warrington
and Shallice (1979) have argued are indicative of damage to stored semantic representations
rather than a problem of access to those representations. His performance was characterized
by greater preservation of superordinate-level information than attribute-level information
and marked frequency effects. In addition, his responses within a modality were more
consistent than his responses across modalities. The latter observation led Warrington and
Shallice to conclude that separate visual and verbal semantic systems were implicated, and
that both had been damaged in this patient.

6.14.2 JBR and the effects of concept familiarity

More recently, Funnell and Sheridan (1992) have claimed that JBR's pattern of performance
may be explained in terms of the effects of concept familiarity. These authors found a
significant positive correlation between the mean familiarity ratings of 11 semantic
categories taken fi'om the Snodgrass and Vanderwart (1980) set and JBR's ability to define
the spoken names of items belonging to those categories. However, the fact that there may
have been an effect of concept familiarity on JBR's performance does not necessarily imply
that his entire pattern of performance may be explained in terms of familiarity effects. First,
as previously noted, Warrington and Shallice (1984) took the potential effects of concept
familiarity into account using analysis of covariance in their original study. In addition, it can
be seen from Funnell and Sheridan's paper that in the mid-range of familiarity (i.e. where
items would not be passed or failed simply because of their very high or very low familiarity)
JBR scored 8/10 on a non-living category (tools) which had a mean familiarity rating that
was very similar to those of two living categories on which he failed to score (fiuits and
vegetables).^ This suggests that JBR's deficit for living things cannot be explained entirely

^ Tools had a mean familiarity rating of 3.2; finits and vegetables had mean familiarity ratings of 3.4 and 3.2
respectively.
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in terms of familiarity effects. However, as it is important to consider the potential effects
of concept familiarity when interpreting the performance of patients with apparently
category-specific semantic impairments, the effects of this variable will also be taken into
account in the present study.

6.15 Method

6.15.1 Design

The aim of this study was to examine the extent of JBR's knowledge about the perceptual
and non-perceptual properties of hving and non-living things.

This was explored using the information that JBR had given in his definitions of the spoken
names of 87 objects. 42 of these items belonged to the "living" category, and 45 belonged
to the "non-living" category. The "living" category included animals, fruits and vegetables.
Body parts were excluded from this category, because Warrington and Shallice had found
JBR's performance on these items to be atypical of his performance on living things in
general. Musical instruments were excluded from the "non-living" category for the same
reason.'^ Two sets of definitions were formed from this information. The first included all of

^ Whether or not body parts and musical instruments should be excluded from the hving and non-hving
categories depends to some extent on one's theoretical standpoint. If one takes die view that semantic memory
is organized by taxonomic category, one might argue that body parts and musical instruments are individual
categories which may be selectively preserved or impaired in their own right, and whose inclusion within the
hving and non-living categories might therefore obscure the effect of a general impairment of animals and fruits
and vegetables relative to most non-hving things. (In addition, body parts are not strictly hving things in their
own right, but parts of living things). However, if one takes the view that category-specific deficits are simply
an artifact of the effects of concept famiharity, one might argue that these categories should be included within
the hving and non-living sets, in orda^ to examine whetha the difference in performance between hving and non
living thmgs remains even when the hving category includes some items of uncharactensticahy high famiharity^
(i.e. body parts) and the non-hving category includes some items of uncharacteristically low famiharity (i.e.
musical instruments). Similar^, if one takes die view that category-specific deficits for hving things are the result
of an impairment to sensory knowledge, one might argue that these categories should be included within the
living and non-living sets in order to investigate whedier the difference in performance between hving and non
living things remains even when the hving category includes some items which are defined primarily in terms
of dieir functional attributes (i.e. body parts) and the non-hving category includes some items which are defined
primarily in terms of their sensory attributes (i.e. musical instruments). I have chosen to exclude body parts and
musical instruments from the hving and non-livh^ categories in order to avoid die possibihty that their inclusion
might obscure a general impairment of animals and fruits and vegetables relative to most inanimate objects. If
the category-specific effects observed in JBR are indeed an artifact of famiharity effects or the result of impaired
visual knowledge, this should still be apparent even with the items that remain. Hence the "hving" category
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the information that JBR had given about the perceptual attributes of the target items, while
the second set included all of the information that he had given about their non-perceptual
attributes.

The main factors of interest were therefore:-

(i) whether the amount of semantic information available to JBR would be affected by the
category (living or non-living) to which the target item belonged and

(ii) whether the amount of semantic information available to JBR would be affected by the
type of property (perceptual or non-perceptual) concerned.

The information that JBR had given about each property for each item was given a score
out of 3 by each of 4 independent raters (see Scoring below). Half of the raters scored the
perceptual definitions first, while the other half scored the non-perceptual definitions first.

6.15.2 Materials

The information used in this experiment was taken from a study of JBR by Behbehani,
Baxter and Shallice (1990 [unpublished]).

The original procedure used by Behbehani et al. took the form of a structured interview in
which a series of questions was used to elicit a detailed picture of JBR's semantic knowledge
about items fi'om various semantic categories. The stimuli consisted of the spoken names
of items taken from the Snodgrass and Vanderwart (1980) set. Initially, JBR was asked to
tell the experimenter all that he knew about the target item. This initial open-ended question
was followed by more specific questions concerning various perceptual and non-perceptual
properties of the object. These questions varied according to the category of the target item.
For example, the questions about animals included questions about the animal's shape,
texture, colour, sound, distinctive features, use by man, diet and habitat. JBR's responses

within this study should be understood as referring to animals, fruits and vegetables.
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to these questions were transcribed and used as the basis for the materials used in the
current study.

For the present study, the information that JBR had given about this set of items was used
to form two sets of definitions. The first set of definitions included all of the information that
JBR had given about the perceptual properties of each item, with the exception of any
information that he had given regarding absolute size. Absolute size was excluded for two
reasons. Firstly, for many objects, JBR gave a great deal of contradictory information about
absolute size, which would be difficult for raters to score. Secondly, there was some
evidence that his use of measurements was questionable. For example, when he was asked
to state the width of the bristles on a hairbrush, he replied "one centimetre", but when he
was asked to demonstrate how large 1 centimetre was, he demonstrated about 4mm. For
this reason it was decided that it would be impossible for raters to interpret statements
where he had made use of measurements. Information that he had given regarding the size
of an object was therefore only included where it might help to convey the shape of that
object - for example, if he had described an object as being longer than it was wide.

The second set of definitions consisted of all of the information that JBR had given
regarding the non-perceptual properties of the same items.

In both sets of definitions, the points at which JBR had been unable to provide answers to
specific questions were indicated.

6.15.3 Control

In order to provide some index of the difficulty of providing perceptual and non-perceptual
information about each item, a control subject was asked to give definitions of the same
objects. The control subject was a 23-year-old male physics undergraduate attending
University College London. Hence this subject was of a similar age and had attained a
similar level of education to JBR. Initially, he was asked to give his own definition of each
item. He was then asked the questions that JBR had been asked regarding additional
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attributes of the target concept. The control subject's definitions were then divided into two
sets, containing all of the information that he had given regarding the perceptual and nonperceptual properties of the target items, and this information was scored in the same way
as JBR's definitions.

6.15.4 Raters

The raters were 4 post-graduate students attending University College London.

6.15.5 Scoring

The raters were given both sets of JBR's definitions and told that they had been collected
during a study of a neurological patient. They were asked to bear in mind the fact that this
patient had some word-finding difficulties.

In the case of the perceptual definitions, subjects were asked to indicate whether or not they
thought that the patient knew what the shape of each object was. In doing so, they were
asked to ignore the absolute size of the object. Where relevant, they were also required to
judge whether or not JBR had correctly identified other perceptual properties of the object.
These additional properties included the object's taste, colour and sound, its inner and outer
texture, and the material fi'om which it was made. Their answer sheet indicated which of
these additional properties were to be rated for each object.

Subjects were asked to rate the non-perceptual definitions according to whether or not they
thought that JBR knew what the function of each object was. They were instructed that in
the case of items for which it would seem inappropriate to speak of their "function" (e.g.
living things), they were to understand "function" to mean the non-perceptual properties of
that item. For example, for animals such properties would include the creature's general
behaviour, habitat and native country, what it ate, and whether it was a solitary or
gregarious animal. For a vegetable, such properties would include how the vegetable grew,,
the country in which it was grown, how it was prepared, and the meal-time at which it was
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eaten.

Subjects were instructed to use the following marking scheme to rate the definitions;-

3 points

The patient clearly knew what the shape/function of the object was.

2 points

The patient seemed to know the shape/function of the object, but
there was some ambiguity. For example, the response may not have
been sufficiently precise to merit a score of 3, or erroneous details
may have been included in a response that was generally correct.

1 point

The patient had some limited knowledge about the shape/ function
of the object. Responses which contained only super-ordinate
information were to be included in this category.

0 points

The patient did not know what the shape/function of the object was.

6.16 Results

The scores given by the four judges were compared in order to determine whether there was
general agreement amongst them. There was a significant degree of inter-rater reliability for
each of the 8 properties on which JBR was tested:- function (W = 0.79, df = 80, p <
0.0001); shape (W = 0.73, df = 77, p < 0.0001); material (W = 0.81, df = 36, p < 0.0001);
outer texture (W=0.82, df=38, p < 0.0001); inner texture (W=0.75, df=12, p < 0.001); taste
(W = 0.88, df = 10, p < 0.001); colour (W = 0.89, df = 39, p < 0.0001) and sound (W =
0.90, df = 17, p < 0.0001). There was also a significant degree of reliability between the
ratings of the information given by the control subject about each of these properties:function (W = 0.53, df = 86, p < 0.0001); shape (W = 0.40, df = 86, p < 0.00 05); material
(W = 0.38, df = 40, p < 0.05); outer texture (W = 0.38, df = 44, p < 0.05); inner texture (W
= 0.43, df = 13, p < 0.05); taste (W = 0.44, df = 12, p < 0.05); colour (W = 0.46, df = 44,
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p < 0.001) and sound (W = 0.60, df = 20, p < 0.0005).^

Once inter-rater reliability had been established, the median of the judges’ ratings was taken
as a single score for each item for each property.

As stated above, the main comparisons of interest were between living and non-living things
and between perceptual and non-perceptual information. The ’’shape” and ’’function” scores
were taken to represent perceptual and non-perceptual information respectively. These were
also the only properties about which JBR had been asked for every item in the original
study.

Table 6.2 shows the mean scores for the information given by JBR and the control subject
about the shape and function of living and non-living things.

Table 6.2: Mean shape and function scores for living and non-living things

Living
N = 42

Non-Living
N = 45

JBR

Control

Shape

Mean
S.D.

1.31
1.06

2.32
0.45

Function

Mean
S.D.

1.50
0.83

2.52
0.48

Shape

Mean
S.D.

2.32
0.97

2.32
0.53

Function

Mean
S.D.

2.41
0.99

2.44
0.56

It can be seen that JBR scored at a level almost identical to the control subject on non-living
things, and that this was the case for information about both shape and function. By

’ It can be seen that inter-rater reliability was lower for the definitions given by the control subject than for those
given by JBR However, it is likely that this was the result of die fact that there was more variability in the quality
of JBR's definitions than in diose of the control. Hence inter-rater reliability would be expected to be greater for
JBR's definitions, as the difference between relatively good definitions and relatively poor definitions would be
more marked.
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contrast, he scored much more poorly than the control subject on living things. This deficit
for living things affected information about shape and function to a roughly equal extent.
These data are illustrated in Figures 6.2a and 6.2b. These results were subjected to a
multiple regression analysis (stepwise). The predictors of interest were whether or not the
target item was a living thing (Animacy), whether or not the question concerned the shape
of the target item (Visual Question) and whether the subject was JBR rather than the control
(Patient). As concept familiarity and word frequency have been shown to be important
determinants of success in semantic processing, it was important that these factors should
be included in the analysis. Familiarity ratings were taken from Snodgrass and Vanderwart
(1980), and frequency counts were taken from Kucera and Francis (1967). (Unfortunately,
age of acquisition scores could not be included, as Carroll and White (1973) ratings were
only available for approximately half of the stimuli). As there was a significant degree of
correlation between the familiarity and word frequency of items in this set, (r = 0.44, 2-tail
probability < 0.001), a composite score was calculated in order to represent the combined
effect of these factors. This was done by producing z-scores for both concept familiarity and
word frequency, and then taking the mean of these z-scores as a single score for each item.
This new score was highly correlated with the original familiarity and frequency ratings (r
= 0,85 in both cases, 2-tail probability < 0.001). This new score will be referred to as the
Processing Advantage of each item.

A number of interactions of theoretical interest were also included in the analysis. The 2-way
interactions that were included were: - Patient x Animacy, Patient x Visual Question, Patient
X Processing Advantage and Animacy x Visual Question. The 3-way interaction between
Patient, Animacy and Visual Question was also included in the analysis.

The dependent variable was the median score out of 3 for each item. The method of least
squares was used to estimate the coefficients, and variable selection terminated when no
more variables met entry or removal criteria (p < 0.05 and p > 0.1 respectively). There were
a total of 340 data points.^

^ 2 items had to be eliminated from the analysis because familiarity ratings were unavailable.
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Figure 6.2: Mean scores for living and non-living things
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When the data were analyzed, only the Patient x Animacy interaction (t-ratio = - 9.87, p <
0.0001), Processing Advantage (t-ratio = 4.18, p < 0.0001) and Visual Question (t-ratio =
-1.99, p < 0.05) were found to be significant predictors of scores. Together these factors
accounted for 30% of the total variance.

The influence of the Patient x Animacy interaction demonstrates that JBR scored more
poorly than the control subject on living things. The effect of Processing Advantage shows
that scores were generally better for items with high values on this scale, while the effect of
Visual Question demonstrates that shape questions were generally answered more poorly
than fimction questions. No other factors had a significant effect on the scores when the
influence of these predictors had been accounted for.

The fact that neither the Patient x Processing Advantage interaction nor the Patient x Visual
Question interaction were included in the model means that there was no evidence to
suggest that JBR was disproportionately affected by concept familiarity, word frequency or
question type compared with the control. In addition, the absence of an effect of the 3-way
interaction between Patient, Animacy and Visual Question means that there was no evidence
to support the view that JBR's problems with living things were restricted to questions about
shape.

Unfortunately, it was not possible to compare the information that JBR gave about the other
sensory properties of items across the categories of living and non-living things. This was
because in the original study these properties had been tested almost exclusively for only one
or other of these categories (In fact, some of these attributes, such as the material from
which an item is made, are not relevant to one or other of the categories). However, despite
the fact that cross-category comparisons were not possible, JBR's scores on these other
properties will be presented, as they appear to suggest that his overall pattern of
performance may in fact be more complex than is implied by his scores on shape and
function.

Tables 6.3a to 6.3c show JBR's performance on the subset of items from each category that
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were tested on all of the sensory properties relevant to that category. Living things were
sub-divided into animals and fixiits and vegetables, because different sensory properties were
relevant to each of these sub-categories. These data are illustrated in Figures 6.3a to 6.3c.

Table 6.3: Mean scores on additional sensory properties

(a) Animals (n = 18)

JBR
Property

Control

Mean

S.D.

Mean

S.D.

Function

1.64

0.89

2.58

0.39

Shape

1.00

0.82

2.44

0.42

Outer Texture

1.28

1.32

2.31

0.49

Sound

0.61

0.85

2.25

0.81

Colour

0.83

1.21

2.42

0.60

(b) Fruits and Vegetables (n = 12)

JBR
Property

Control

Mean

S.D.

Mean

Function

1.50

0.85

2.63

0.43

Shape

1.50

1.22

2.04

0.54

Outer Texture

1.54

1.42

2.08

0.36

Inner Texture

1.29

1.08

1.63

0.61

Taste

1.04

1.27

2.13

0.48

Colour

0.71

1.10

2.63

0.43
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S.D.

(c) Non-living things (n = 41)
JBR
Property

Control

Mean

S.D.

Mean

S.D.

Function

2.37

1.02

2.46

0.56

Shape

2.29

1.01

2.28

0.54

Material

2.06

1.23

2.38

0.48

The data for each category were examined in order to determine whether there was any
effect of the subject tested (i.e. JBR or the control subject) or the type of property tested.

For the category of animals, the relevant properties were function, shape, outer texture,
sound and colour. From Figure 6.3 a it can be seen that JBR's performance was worse than
that of the control, and there also seems to be some variation in performance across different
types of property. A 2 x 5 mixed ANOVA (Subject by Property) confirmed that there were
significant main effects of both the Subject tested (F(l, 34) = 47.26, p < 0.001) and of the
Property tested (F(4,136) = 4.96, p < 0.005). However, there was no significant interaction
between these factors.

For the category of fiiiits and vegetables, the relevant attributes were function, shape, outer
texture, inner texture, taste and colour. A 2 x 6 mixed ANOVA (Subject by Property)
showed that there was a significant main effect of the Subject tested (F(l, 22) = 13.23, p <
0.005), but not of the Property tested. However, these factors were seen to interact with
one another (F(5, 110) = 4.08, p < 0.005). From Figure 6.3b it can be seen that JBR's
performance was again worse than that of the control subject on all properties. In addition,
JBR's pattern of performance across properties is different to that of the control. The
disparity in performance for information about colour is particularly striking. The control
subject achieved his highest score on this property, while JBR's produced his lowest score.

The only properties tested for the majority of items from the category of non-living things
were function, shape and material. From Figure 6.3c it can be seen that JBR's performance
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was very similar to that of the control, and that there was little effect of the property tested.
A 2 X 3 mixed ANOVA (Subject by Property) confirmed that neither variable had a
significant effect on performance. More importantly, there was no significant interaction
between these factors.^

Given that there was a significant interaction between the effects of Subject and Property
for the subset of fiuits and vegetables for which the full range of sensory properties had been
tested, it is possible that a similar interaction would be found for this category even if the
analysis were restricted to shape and function scores. An analysis of this type was therefore
carried out using all of the items from this category, rather than just the subset of items
described in Table 6.3a. A similar analysis was also carried out for the total set of items from
the category of animals

Figure 6.3: Mean score on additional sensory properties
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^ Sub-categories of non-living things were also considered in order to investigate whether or not this pattern of
results was generally applicable. Of three such sub-categories that were examined (kitchen utensils, household
objects and tools) none showed any main effect of Subject. Only one category (tools) showed a significant main
effect of Property (F(2, 28) = 3.44, p < 0.05). Most importantly, however, there was no significant interaction
between the effects of Subject and Property for any of these sub-categories. The absence of such an interaction
for the category of non-living things as a whole cannot, therefore, be attributed to the fact that objects fi'om
several different categories were subsumed under this general title.
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The shape and function scores for the complete categories of animals and fruits and
vegetables are given in Tables 6.4a and 6.4b. These data are illustrated in Figures 6.4a and
6.4b.
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Table 6.4 Mean function and shape scores for sub-categories of living things
(a) Animals (n = 26)
JBR
Property

Control

Mean

SD.

Mean

S.D.

Function

1.60

0.80

2.48

0.52

Sh^e

1.13

0.92

2.44

0.38

(b) Fruits and Vegetables (n = 16)
JBR
Property

Control

Mean

S.D.

Mean

S.D.

Function

1.34

0.87

2.59

0.42

Shape

1.59

1.24

2.13

0.50

For the category of animals, a 2 x 2 mixed ANOVA (Subject by Property) demonstrated
significant main effects of both Subject (F(l, 50) = 46.65, p < 0.001), and Property (F(l,
50) = 5.72, p < 0.05). There was also a significant interaction between the effects of these
two variables (F(l, 50) = 4.09, p < 0.05). From Figure 6.4a it can be seen that this
interaction was the result of JBR's poorer performance on information about shape than
information about function. The type of Property tested had little effect on the performance
of the control subject.

When the same test was carried out for the category of fiuits and vegetables, there was a
significant main effect of the Subject tested (F(l, 30) = 13.74, p < 0.005), but there was no
significant effect of the Property tested. However, there was again a significant interaction
between the effects of Subject and Property (F(l, 30) = 4.73, p < 0.05). From Figure 6.4b
it can be seen that this interaction came about because the control subject produced higher
function scores than shape scores for this category, while JBR demonstrated the opposite
pattern of performance.
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Figure 6.4: Mean function and shape scores for sub-categories of living things
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The mean function and shape scores for the non-living category are, of course, those given
in Table 6.2, from which it was noted previously that the difference in performance between
JBR and the control subject was minimal.

6.17 Discussion

The discussion will initially be restricted to the findings on JBR's knowledge about the shape
and function of members of the general categories of living and non-living things. This is
because shape and function were the only properties which were tested for all categories,
and so the data on these attributes are the only means of making legitimate cross-category
comparisons. The data on sub-categories of living things and properties other than shape
and function will then be addressed.

6.17.1 JBR's semantic deficit: Category-specific or attribute-specific?

JBR's performance on questions about the shape and function of living and non-living things
suggests that his semantic deficit may be genuinely category-specific rather than attributespecific. His performance was much poorer for living things than for non-living things,
regardless of whether knowledge about shape or function was tested.

This pattern of findings appears to be problematic for models of semantic processing which
explain category-specific deficits for living things in terms of disproportionately impaired
sensory knowledge. These theories predict that a patient of this type will demonstrate
poorer knowledge of the shapes of objects than their functions, and that this will be the case
for objects from all semantic categories.

The fact that JBR demonstrated very impaired knowledge about both the visual and
functional properties of living things is not, in itself, an insurmountable problem for this type
of theory because, as previously noted, Farah and McClelland demonstrated that "lesioning"
visual semantic units in their computational model resulted in impaired functional semantic
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knowledge about living things. However, his well preserved visual and functional knowledge
about non-living things (which was equivalent to that of a normal control) contrasts sharply
with their model's prediction that damage to visual semantic units will result in very impaired
visual knowledge about non-living things.

By comparing Figures 6. la, 6. lb and 6.2a the contrast between the predictions of Farah and
McClelland's model and the results obtained with JBR can be seen quite clearly. The model
predicts that the main factor determining the degree of semantic knowledge available will
be the type of information sought - i.e. visual or fimctional. Visual semantic information will
be very impaired while fimctional semantic information will be largely preserved. There will
be a slight degree of impairment to functional knowledge about living things relative to non
living things, but this effect vsdll be very mild compared to the much greater effect of
information type. By contrast, it was observed that the main factor determining JBR's
success at providing semantic information was whether or not the target concept was a
living thing. His knowledge of living things was much poorer than his knowledge of non
living things, and this was the case for information about both shape and function.

In fact, it appears to be generally the case that patients vyith category-specific deficits for
living things demonstrate relatively well preserved knowledge of the visual properties of
inanimate objects

comparison with the visual properties of living things (Farah,

Hammond, Mehta and Ratcliff 1989, Hart and Gordon 1992, Mehta, Newcombe and de
Haan 1992, Laiacona, Barbarotto and Capitani 1993, Sheridan and Humphreys 1993, De
Renzi and Lucchelli 1994). Such findings are problematic for the Farah and McClelland
model, and hence perhaps for the functional/sensory hypothesis in general.

A number of the studies cited above described patients who demonstrated the same pattern
of performance as JBR - i.e. impaired knowledge of living relative to non-living things,
regardless of the type of information tested (Mehta, Newcombe and de Haan 1992;
Laiacona et al. 1993; Sheridan and Humphreys 1993). Such cases might be taken to support
the view that taxonomic category constitutes a first-order organizing principle of semantic
memory. At the very least, they would appear to demonstrate that disproportionate damage
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to sensory information is not necessary for the emergence of selective deficits for living
things.

6.17.2 Possible modifications of the Farah and McClelland model

Mehta, Newcombe and de Haan (1992) have argued that the preserved knowledge of the
visual properties of inanimate objects demonstrated by patients with category-specific
deficits for living things may also be accounted for within a model which incorporates the
principle of active, distributed representations. They have argued that the high ratio of
functional to visual units in the semantic representations of non-living things would allow
the semantic representations of non-living things to attain critical mass even if visual units
were damaged. Thus all of the functional features of these concepts and also their few, but
adequate visual features would be activated. As a result, both visual and functional
information about non-living things would remain relatively unimpaired if visual semantic
units were destroyed.

However, Farah and McClelland's model did not actually show any signs of producing this
pattern of performance. When visual semantic units were damaged, there was little evidence
of the sparing of visual information about non-living things.

That the model performed in this way is hardly surprising given the way in which the
"lesioning" of semantic units was carried out in this instance. Farah and McClelland
simulated the lesioning of visual semantic information by actually destroying visual semantic
units. Units which have been totally destroyed obviously cannot be activated, no matter
what amount of collateral activation they receive from other semantic units. It would
therefore be impossible, following lesioning of this type, for collateral activation from
functional units to support visual units in the manner suggested by Mehta et al. However,
it is possible that a model similar to that of Farah and McClelland, in which lesioning took
a different form (for example, if lesioning were carried out by raising the thresholds of
affected units), might be able to produce a closer approximation to the pattern of
performance demonstrated by JBR. In other words, it might be that a model which only
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distinguishes between modalities of information is indeed capable of simulating the
performance of patients such as JBR if the semantic units which are impaired are not
damaged in an all-or-none manner. However, such a simulation would have to be carried
out in order to determine whether or not a model of this type would actually result in the
major determinant of performance being category rather than information type. It seems
unlikely that information type would in fact be found to be less influential than semantic
category in any system in which units representing a particular type of information were
selectively damaged.

Hence Farah and McClelland's model does not, as it stands, seem to provide an adequate
simulation of the very striking effect of category rather than information type on JBR's
performance. If the contrast between the pattern of performance produced by the model and
by JBR was less distinct, the assertions of Farah and McClelland and Mehta et al. with
regard to the potential for collateral activation (or the lack of it) to account for such patients'
impaired knowledge of the functional properties of living things and their preserved
knowledge of the visual attributes of non-living things would be more convincing. That is,
these assertions would carry more weight if the impairment to JBR's knowledge about the
functional properties of living things had been less severe, or if he had demonstrated some
impairment to his knowledge about the shape of non-living things. However, it was not the
case that the model and JBR produced similar patterns of performance which differed only
in terms of the precise degree to which each category and each type of information were
impaired. Rather, the relative influence of semantic category and information type on the
performance of the model was exactly opposite to their relative influence on the
performance of JBR.

The failure of Farah and McClelland's model to provide an adequate characterization of
JBR's pattern of performance is also important for another reason. Farah (1994) has used
the performance of this model (amongst others) to support the view that connectionist
models are able to produce a more accurate characterization of the performance of
neurological patients than are traditional box-and-arrow models. In particular, she has
argued that the ability of the Farah and McClelland model to account for the fact that
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patients with category-specific deficits for living things often demonstrate impaired
knowledge of the functional attributes of items from the affected category means that this
model is able to provide a more adequate explanation of the pattern of performance
produced by such patients than box-and-arrow models. Whatever the merits of each type
of model may be in general, the fact that the Farah and McClelland model does not, in fact,
produce a particularly accurate simulation of the performance of patients with impaired
knowledge of living things undermines the support in favour of connectionist models over
box-and-arrow models that was drawn from this particular example.

6.17.3 JBR's knowledge of sub-categories of living things

It has been shown that, when items were grouped according to the broad categories of living
and non-living things, category was a much more important predictor of JBR's performance
than information type. However, when the category of living things was sub-divided into
animals and fruits and vegetables, the pattern of results became more complex. For the
category of animals, JBR's deficit was disproportionately severe for information about
shape. This greater impairment of sensory information is predicted by the functional/sensory
hypothesis. However, for the category of fruits and vegetables he demonstrated better
knowledge about shape than about function. In addition, there was no evidence of an effect
of the property tested on his performance on non-living things.

Hence the data on JBR's knowledge about the shape and function of items from these subcategories suggests that he did not have a general deficit for sensory information. Neither
was his knowledge about shape disproportionately impaired compared to his knowledge
about fimction for all living things. This was only the case for the category of animals - by
contrast, he showed better knowledge about shape than function for the category of fruits
and vegetables.

6.17.4 JBR's knowledge of sensory properties other than shape

The findings with regard to JBR's knowledge about shape and function do not completely
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undermine an explanation of category-specific deficits for living things in terms of damage
to knowledge about sensory properties. This is because it is possible that damage to
information about sensory properties other than shape is responsible for JBR's impairments.

Unfortunately, the data on properties other than shape and fimction in this study are of
limited value, because different properties were tested for living and non-living things in the
original study. However, the data may be useful as a means of giving some indication of the
quality of JBR's knowledge about other properties. For the category of animals, JBR's
performance across various properties was not significantly different to that of the control.*
However, for the category of fruits and vegetables his performance did demonstrate an
unusual effect of the property tested. His performance on this category appeared to be
particularly poor for certain sensory properties, such as colour. From Figure 6.3a it can be
seen that there was also a trend towards colour information being particularly impaired for
the category of animals. It is possible, therefore, that for the category of living things some
sensory properties were more impaired than others ^

Information about colour was only tested for a very small number of non-living things. This
means that it is not possible to determine whether JBR's poor performance on questions
about colour extended to all categories, or only affected living things. Of five non-living
items whose colour JBR had been asked about in the original study, at least three (balloon,
glove and pen) were objects that can take any colour. He correctly stated that this was the
case for two of these items, but said that a glove was "black or brown". (Although these are
common colours for gloves, they are, of course, not the only possibilities). For the two
remaining items, JBR correctly stated that a glass was "see-throughable" but said that a plug
was "black or brown". This small amount of evidence does not, therefore, give any clear

*Although, as previousfy noted, shape scores were worse than function scores when scores for the entire category
of animals were analysed.
^ It could be argued that JBR's poor performance on questions about the colour of living things arose because
colour is in some sense a secondary characteristic of objects. That is, that colour information is difficult to
retrieve without first retrieving some information about more essential attributes such as function and shape.
However, an argument of this nature is undermined by the fact that JBR's ability to give information about outer
texture (which would appear to be just as specific an attribute as colour) was equivalent to his abihty to give
information about shape for hving things.
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indication of the quality of information available to JBR about the colours of non-living
things.

The observation that JBR demonstrated a disproportionately severe impairment for certain
sensory properties (such as colour) which may or may not have been confined to the
category of living things means that the findings with regard to his knowledge about shape
and fimction do not constitute unequivocal evidence against an explanation of deficits for
living things in terms of damage to sensory attributes. However, the performance of other
patients who have demonstrated impaired knowledge of both the visual and non-visual
attributes of living things may be used to explore the issue further. Patient SB (Sheridan and
Humphreys 1993) did show a general impairment of colour knowledge, lending some
support to the view that damage to sensory information may have caused her deficit. Mehta,
Newcombe and de Haan (1992) tested the visual knowledge of their patient (MS) by asking
her to decide which two of three named items were the most similar to one another in
outline shape. As this task only tested knowledge about shape, the results of this study
cannot be used to resolve the current issue. However, Laiacona, Barbarotto and Capitani
(1993) tested their patients using a semantic questionnaire which tapped knowledge about
sensory attributes such as weight and size, as well as shape. Nevertheless, these patients still
demonstrated impaired knowledge of living things relative to non-living things, irrespective
of whether questions tapped perceptual or associative knowledge. Hence deficits which
affect living things relative to non-living things regardless of whether visual or non-visual
information is tested can be found even when the visual questions used do not only tap
information about shape.

6.17.5 Interactions between semantic category and information type

As argued above, cases where patients demonstrate impaired knowledge of living things
regardless of the type of information tested support the view that semantic memory is
organized by taxonomic category. However, this proposition alone cannot account for the
fact that some patients demonstrate a deficit that is confined to the visual properties of
living things (Farah, Hammond, Mehta and Ratcliff 1989, Hart and Gordon 1992, De Renzi
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and Lucchelli 1994. See also Sartori and Job 1988; Sartori, Job and Coltheart 1993; Sartori,
Miozzo and Job 1993; Job, Miozzo and Sartori 1993; Sartori, Coltheart, Miozzo and Job
1994). Such patients demonstrate preserved knowledge of the functional properties of living
things and all properties of inanimate objects. Furthermore, the performance of these
patients cannot be explained simply in terms of the visual properties of living things being
more difficult to retrieve than their functional properties, as Laws, Evans, Hodges and
McCarthy (1995) have recently described a patient (SE) who demonstrated a selective
deficit for the functional attributes of living things.

Finding such as these suggest that semantic knowledge may be organized by both taxonomic
category and information type (see, for example, Farah, Hammond, Mehta and Ratcliff
1989; Hart and Gordon 1992; Sartori, Coltheart, Miozzo and Job 1994; Laws et al. 1995;
Powell and Davidoff 1995).

6.17.6 An alternative explanation

Although the proposition that semantic memory is organized by both information type and
semantic category is able to account for cases in which the effects of these variables are seen
to interact with one another, this statement appears to be little more than a re-description
of the data. For this reason, a number of alternative hypotheses have been put forward. One
such theory has been suggested by De Renzi and Lucchelli (1994).

De Renzi and Lucchelli have argued that the categories which are impaired and preserved
in these patients may be differentiated from one another in terms of the strength of the
bonds between the perceptual and functional features of their members. Many of the
functional and perceptual properties of non-living things overlap. This is because the shape
of a man-made object is largely determined by its function. By contrast, there is little
correspondence between the shapes of living things and the way in which they are used by
humans. De Renzi and Lucchelli argue that if direct access to visual information were
blocked, this block could be bypassed if the stimulus was an inanimate object, by using
functional information to infer the shape of the object. However, this would not be possible
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if the target was a living thing. This would result in both visual and functional information
being available for non-living things, but only functional information being available for
hving things.

However, De Renzi and Lucchelli also observed that their patient (Felicia) rarely used
information about functional attributes to compensate for her inability to specify visual
attributes in her definitions of living things (despite the fact that she was able to recall
functional information about hving things in response to direct questions). They argued that
this suggests that the lack of visual information may sometimes render the meaning of a
concept so vague that not even functional knowledge may be retrieved.

De Renzi and Lucchelli do not provide an account of category-specific deficits for hving
things that ajffect both visual and non-visual attributes, or category-specific deficits for nonhving things. However, it is possible to suggest ways in which such patterns of performance
might be accounted for within their theory. Category-specific impairments for hving things
that affect ah property types (such as that demonstrated by JBR) could be the result of a
block on visual images that is more severe than that which causes a deficit that is restricted
to visual features. This could result in the meaning of a concept being so under-specified
that not even functional features could be retrieved, as De Renzi and Lucchelli reported was
sometimes the case for Fehcia. A deficit of this type could not be explained in terms of
damage to visual features themselves, as this would also result in a deficit for the visual
attributes of non-hving things. Of course, this would mean that the functional impairments
producing these two patterns of performance would only differ from one another in terms
of their degree of severity.

Category-specific deficits for non-living things could be the result of damage to functional
features. If these features are more important in the representations of non-living things than
living things (as stated in the original functional/sensory hypothesis), then an impairment of
this type would result in a disproportionate deficit for inanimate objects. An account of this
nature also predicts that these patients would demonstrate some impairment to their
knowledge of the functional properties of living things. Deficits for non-living things could
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not be explained in terms of a problem in accessing functional features, as if this were the case
functional information could be accessed via visual information when the target was a non
living thing, but not when it was a living thing. Hence performance would be better for
inanimate objects than living things - the opposite of the observed pattern.

De Renzi and Lucchelli argued that Felicia was able to access information about the shape
of non-living things because of the non-arbitrary relationship between the form of an
inanimate object and its function. Hence their theory predicts that a patient of this type
should demonstrate an impairment for other sensory properties of non-living things which
bear an arbitrary relationship to fimction. In fact, this is exactly what De Renzi and Lucchelli
found in their study. For example, they reported that Felicia's ability to recall the colour of
objects was impaired for both living and non-hving things (although her performance with
hving things was significantly worse). However, Hart and Gordon (1992) reported that their
patient (KR - who also demonstrated a selective impairment of knowledge about the visual
properties of hving things), scored perfectly on questions about the colour and size of
inanimate objects. This finding undermines De Renzi and Lucchelh's account as a viable
alternative to the proposition that semantic memory is organized by both category and
information type.

6.18 Conclusions

It has been shown that Farah and McClelland's computational model predicts that damage
to sensory attributes in a semantic system organized only by modality of information
(sensory or functional) will result in the major determinant of success in semantic processing
being the type of information tested, rather than the taxonomic category to which the target
concept belongs. The present study demonstrated that, when sensory and non-sensory
information are represented by shape and function respectively, patient JBR's performance
followed the opposite pattern. His performance was much worse for hving than for nonhving things, and this was the case regardless of whether information about shape or
function was tested.

223

When the category of living things was sub-divided into animals and fruits and vegetables,
it was again found that there was no general disadvantage for information about shape
relative to information about function. Although JBR's knowledge about shape was worse
than his knowledge about function for the category of animals, the reverse was the case for
fruits and vegetables.

However, it could be argued that a patient's knowledge about shape is not an adequate
measure of their access to sensory information in general. There was some evidence that
JBR's deficit was disproportionately severe for certain sensory properties of living things,
but there was little corresponding data available for non-living things. It cannot therefore
be determined from the present study whether JBR had a deficit that affected his knowledge
about sensory properties in general, or only his knowledge about the sensory attributes of
living things. However, the results of previous studies suggest that category-specific deficits
for living things are not necessarily characterized by attribute-specificity, even when visual
information is represented by properties other than shape.

Reports of patients who demonstrate impaired knowledge about living relative to non-living
things, regardless of the type of property tested undermine explanations of category-specific
impairments for living things in terms of damage to sensory knowledge. The simplest
explanation for such deficits would be that taxonomic category constitutes a first-order
organizing principle of semantic memory. However, this proposition cannot account for the
fact that patients have also been described whose deficits are both category-specific and
attribute-specific. These cases suggest that semantic memory is organized by both category
and information type.

Taken together, the results of studies of patients with category-specific deficits suggest that
theories which posit that semantic memory is organized only by taxonomic category (such
as OUCH) or only by information type (such as the functional/sensory hypothesis, the
Modality-Specific Content hypothesis, recent versions of the Cascade model and Farah and
McClelland's computational model) are not adequate to explain the relevant data. In order
to explain the various patterns of performance that have been described it appears, at
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present, to be necessary to posit that semantic memory is organized by both taxonomic
category and information type (see, for example, Sartori et al. 1994; Laws et al. 1995;
Powell and DavidofF 1995).
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Chapter 7

Conclusions

7.1 Overview

A number of possible models of semantic processing have been considered. However, as
argued in Chapter 1, any comprehensive theory of semantic processing would need to be
able to account for the data relevant to four possible organizing principles of semantic
memory simultaneously, and in a theoretically coherent manner. These possible organizing
dimensions are:- organization by input modality, organization by information type,
organization by semantic category and organization by output task. The aim of this thesis
was to examine empirical data relevant to each of these issues, and to determine whether
this data can be accounted for by a single theory of semantic processing.

7.2 Previous findings to be accounted for

A number of important empirical findings have been identified from the neuropsychological
literature:-

7.2.1 On organization by input modality

Perhaps the greatest influence on the development of neuropsychological models of
semantic processing has been the issue of organization by input modality. The empirical
evidence relevant to this issue was reviewed in Chapter 1. Such evidence includes reports
of modality-specific aphasias, modality-specific priming in semantic access dyslexia and
modality-specific aspects of semantic memory disorders. Findings such as these have been
cited as evidence against the view that stimuli fi'om all input modalities have equal access
to a single semantic system.

However, it was concluded that the evidence for some of these phenomena is weak. For
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example, there is some evidence that patients with apparently modality-specific aphasias do
not have intact access to semantic information in the affected modality. If this is the case,
and if it is also accepted that miming and categorization tasks may be supported by less
precise semantic information than naming, then the dissociation between performance on
these tasks may be explained within either a unitary or a multiple semantics fi’amework. The
evidence for modality-specific priming in semantic access dyslexia was also found to be
weak; there is some uncertainty over whether patient AR (Warrington and Shallice 1979)
had equivalent access to semantic information jfrom pictures and words. If there was some
difference in the amount of semantic information available to the patient from pictures and
words, then the feet that visual and verbal cues had different effects on his word reading is
of little theoretical interest. Finally, although there is some evidence that certain patients
demonstrate superior access to semantic information from pictures rather than words
(Warrington 1975), evidence for the double dissociation is weak. For example, when patient
AB’s scores are summed over all attribute-level probe questions, his performance with
pictorial and verbal stimuli appears to be roughly equivalent (Warrington 1975). Cases of
better performance with pictures than words may therefore be explained in terms of a
general advantage for pictures in semantic access, and hence are compatible with unitary
semantics models.

However, there is some strong evidence for functionally dissociable visual and verbal
semantic subsystems. Impairments which are both modality-specific and category-specific
are extremely difficult to reconcile with the view that there is a single semantic system to
which all input modalities have direct access (McCarthy and Warrington 1988; McCarthy
and Warrington 1994).

7.2.2 On organization by information type and semantic category

The issue of whether semantic memory is organized by taxonomic category is bound up, to
a large extent, with the issue of whether it is organized by information type. This is because
a number of models of semantic processing explain category effects in terms of the emergent
properties of a system that is organized by information type.
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The neuropsychological literature relevant to these issues was discussed in Chapter 6. One
of the main empirical findings which must be accounted for is that double dissociations have
been observed between the categories that are impaired and preserved for different patients.
Some patients show impaired knowledge of living relative to non-living things, while others
demonstrate the opposite pattern of performance (e.g. Warrington and Shallice 1984;
Warrington and McCarthy 1983,1987). This suggests that category-specific deficits cannot
be explained entirely in terms of differences in processing difficulty between categories. It
was also noted that, while some patients demonstrate impaired knowledge of all attributes
of members of the affected category, other patients demonstrate deficits that are both
category-specific and attribute-specific (Hart and Gordon 1992; Laws et al. 1995; Powell
and Davidoflf 1995).

7.2.3 On organization by output task

In Chapter 5, it was noted that there has been little discussion in the neuropsychological
literature of the possibility that semantic memory is organized in some way that reflects the
different types of output task that it must be used to mediate. Where this question has been
addressed, the focus has been on whether or not there is any organization by output
modality. However, there has been little discussion of whether other characteristics of
output tasks, such as their specific task demands (e.g. whether they involve yes/no questions
or comparison questions), may influence the performance of neurological patients and
normal subjects.

7.3 Present findings to be accounted for

The experiments reported in this thesis have produced some additional empirical findings
which must be accounted for.

The question of whether semantic memory is organized by input modality was considered
in Chapter 3. This issue was addressed through a study of the semantic knowledge of 10
dementia patients. The more specific aim of the study was to examine whether damage to
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stored semantic representations necessarily leads to superior retrieval of semantic
information from pictures rather than words. The performance of a sub-group of patients
who appeared to have sustained damage to stored semantic representations (according to
the criteria proposed by Warrington and Shallice 1979) did not produce any evidence to
support this view.

The relationship between organization by input modality and organization by information
type was examined in Chapter 4. In a reaction-time experiment using normal subjects, it was
observed that visual semantic information (i.e. information about the size of objects) was
accessed more quickly from pictures than from words, while non-visual semantic
information (i.e. information about the harmfulness of objects) was accessed more quickly
from words than from pictures. This pattern of findings suggests that pictures have
privileged access to visual semantic information, while words have privileged access to
functional/associative semantic information.

The results of this experiment were not consistent with those of similar studies reported in
the literature. Previous studies have demonstrated picture superiority effects even for
judgements on a non-visual dimension (Banks and Flora 1977; Paivio 1978). However, it
was noted that, while the present study involved single stimuli, these previous experiments
involved paired stimuli. In a second reaction-time experiment it was observed that the use
of paired stimuli did indeed produce a picture superiority effect for judgements on a non
visual dimension, whereas when single stimuli were used there was no effect of input
modality. One possible explanation for this pattern of findings would be that pairs of
pictures may be processed in parallel, while pairs of words must be processed in a serial
manner (i.e. left to right as in reading). However, no support for this hypothesis was found.
There was no interaction between stimulus modality (picture or word) and the side of the
screen (left or right) on which the harmful member of the pair was presented. An alternative
explanation was therefore considered. This was that the interaction between stimulus
modality and the style of stimulus presentation could have been a result of the fact that
subjects were required to make different types of decisions with the different styles of
presentation. With the single stimuli, subjects only had to make a simple yes/no decision as
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to whether or not each item was harmful, whereas with paired stimuli, they had to compare
the two items for harmfulness.

The issue of whether the type of output task to be performed can modify the effect of input
modality was examined in more detail in Chapter 5. It was demonstrated that, when the style
of stimulus presentation was held constant, the type of decision to be made (yes/no or a
comparison) did not influence the effect of stimulus modality. This suggests that the
interaction between the effects of input modality and style of presentation observed in the
previous experiment cannot be explained in terms of the confounding of style of presentation
with decision type. It is not clear why the effects of input modality and style of presentation
should interact with one another, but one very tentative explanation is that this occurred
because the single stimulus condition involved verbal responses whereas the paired stimulus
condition involved non-verbal responses. The effects of input modality and response type
(verbal or non-verbal) could interact with one another if visual and verbal input are more
compatible with non-verbal and verbal responses respectively. If this were the case, it would
suggest that different patterns of results may be produced using different tests of semantic
memory, even when the semantic information required to perform each task is ostensibly the
same.

The question of whether category-specific deficits of semantic memory can be explained
in terms of the emergent properties of a system that is organized by information type was
examined in Chapter 6. This study compared the performance of a computational model of
semantic memory that is only organized by information type (Farah and McClelland 1991)
with that of a neurological patient (JBR) with a category-specific semantic deficit for living
things. The model predicted that the performance of a patient with a deficit for living things
would be characterized by attribute-specificity. That is, that such a patient would have poor
sensory knowledge about both living and non-living things, in the context of relatively
preserved functional knowledge about members of both categories. By contrast, JBR
demonstrated poor access to semantic information about living things relative to non-living
things, regardless of the type of information sought (sensory or functional). This pattern of
results suggests that category-specificity cannot be reduced to modality-specificity.
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7.4 Can current theories of semantic processing provide an adequate account of the
available data?

It is apparent that many of these findings cannot be accounted for within the simple unitary
semantics hypothesis. However, other theories of semantic processing have various degrees
of success in accounting for the empirical data relevant to each of these issues.

As previously noted, the strongest support for the view that semantic memory is, to some
extent, organized by input modality comes fi’om reports of patients with semantic deficits
that are both category-specific and modality-specific (McCarthy and Warrington 1988;
1994). Such cases are problematic for the simple unitary semantics hypothesis because,
while category-specificity suggests an impairment at the semantic level, this model must
explain modality effects in terms of pre-semantic impairments. These cases are also diflScult
to account for in terms of any of the modified versions of the unitary semantics hypothesis.
Models which state that privileged access to semantic information is asymmetrical appear
to be able to account for some interactions between modality and category, but not others.
For example, Rapp et al. (1993) have argued that OUCH can account for the performance
of a patient with a selective deficit for verbally presented living things (patient TOB;
McCarthy and Warrington 1988) in terms of a general impairment to information about
living things, because performance in the visual modality would be bolstered by information
gleaned fi’om perceptually salient features. However, it is not clear how the performance of
a patient with a selective deficit for visually presented living things (PHD; McCarthy and
Warrington 1994) might be accounted for in terms of this model. Humphreys, Lamote and
Lloyd-Jones (1995) have argued that TOB's pattern of performance may be accounted for
by the Cascade model of unitary semantics in terms of impaired access to the structural
description system from the amodal semantic system. An impairment of this kind would
cause particular difficulty with living things because information about visual attributes
would be more important for their identification than for non-living things. However, other
cases of impairments that are both modality-specific and category-specific, such as the
selective deficit for visually-presented non-living things demonstrated by DRS (McCarthy
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and Warrington 1994) are more difficult to explain within this model. As noted in Chapter
1, it is not possible to determine the implications of such findings for the Identification
Procedures theory, as the authors of this model have not made clear the relationship
between different input modalities and different types of semantic information. In addition,
they have not attempted to give an account of category-specific semantic deficits. Overall,
therefore, deficits which are both modality-specific and category-specific appear to be most
compatible with the view that there are functionally separable semantic systems associated
with different input modalities, and that within these systems, semantic information is
organized by taxonomic category.^

According to some models, privileged access to semantic information fi’om different input
modalities is asymmetrical. Such theories include OUCH and the Identification Procedures
theory. Both of these models state that pictures have privileged access to at least some
semantic information. In addition, they predict that superior retrieval of semantic knowledge
from pictures rather than words vrill be a necessary consequence of damage to stored
semantic representations. However, the study of dementia patients described in Chapter 3
did not produce any evidence to support this view. The results of this study are more
compatible with models which state that neither input modality has privileged access to
semantic information (e.g. the simple unitary semantics hypothesis and the Cascade model
of unitary semantics). These results are also compatible with the Modality-Specific Content
hypothesis, if it is proposed that functionally separable semantic subsystems may sustain
comparable levels of damage.

Experiment 4.1 was designed to investigate whether different input modalities have
privileged access to different types of semantic information. The results of this experiment
suggested that pictures have privileged access to visual semantic information (such as
information about size) while words have privileged access to functional/associative
semantic information (such as information about harmfulness). However, when the results
of this experiment are combined with those of Experiments 4.2 and 5.1, it appears that

' Alternatively, the modality-specific subsystems could be internally organized by information type (e.g. into
sensory and functional attributes). Category-specific deficits would then be explained in terms of disproportionate
damage to different types of information.
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pictures have privileged access to information about size, but it is not clear whether either
modality has privileged access to information about harmfulness. This is because, while it
is a reasonably well-established finding that size judgements are made more quickly for
pictures than for words (Paivio 1975; Banks and Flora 1977; Pellegrino et al. 1977; te Linde
1982), there was no effect of input modality on the time taken to make decisions about
harmfulness in Experiments 4.2 and 5.1 (when single stimuli were used). Nevertheless, the
fact that the effect of input modality is modified by the type of information sought is
problematic for the simple unitary semantics hypothesis, as this observation cannot be
explained in terms of a general advantage in semantic access from a particular input
modality. This finding is also problematic for OUCH, as the stimulus items for these
experiments were chosen so that neither their size nor their harmfulness could be determined
on the basis of perceptual features visible in the pictures. As OUCH explains modality
effects in terms of perceptually salient features accessing their own semantic representations,
this model does not predict any effect of input modality under these circumstances. The
results of these experiments are more compatible with theories which state that pictures and
words have privileged access to different types of semantic information. Such models
include the Cascade model of unitary semantics and the Modality-Specific Content
hypothesis. Once again, it is not possible to determine whether these findings are compatible
with the Identification Procedures theory, as the pattern of privileged relationships between
different input modalities and different types of semantic information has not been made
clear.

Models of semantic processing may also be divided into those which explain categoryspecific semantic deficits in terms of a system that is organized by taxonomic category (e.g.
OUCH) and those which explain such deficits in terms of the emergent properties of a
system that is organized by information type (e.g. Warrington and Shallice's [1984]
characterization of the multiple semantics hypothesis and Sacchett and Humphreys' [1992]
modified version of the Cascade model of unitary semantics). The data from patient JBR
(Experiment 6.1) appear to be more compatible with the former type of account. This
patient's deficit seemed to be genuinely category-specific rather than attribute-specific, in
that he demonstrated impaired knowledge of living things relative to non-living things.
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regardless of the type of information tested. This patient's pattern of performance suggests
that at least some category-specific semantic deficits cannot be reduced to impairments
affecting sensory or fimctional/associative semantic knowledge per se, it seems that
information about living and non-living things may indeed be represented differently in the
brain. However, a model in which taxonomic category is the only dimension along which
semantic memory is organized cannot account for the performance of patients whose deficit
is both category-specific and attribute-specific (Hart and Gordon 1992; Laws et al. 1995;
Powell and Davidoff 1995). Such cases suggests that semantic information may be
organized by both taxonomic category and information type.

7.5 An alternative account
7.5.1 The development of an alternative model

It seems, therefore, that none of the current models of semantic processing is able to
account for the full set of empirical data. This is because the data appear to suggest that
semantic memory is organized by input modality, information type and semantic category.

It could be argued that semantic memory is organized along all three of these dimensions,
and that the value of each dimension is free to change independently of the value of each of
the others. Even if it were suggested (for the sake of simplicity) that each dimension could
only take two values (e.g. that input could be visual or verbal, information could be sensory
or fimctional/associative and concepts could be either living things or non-living things), this
would result in eight functionally dissociable semantic subsystems. A model of this kind is
illustrated in Figure 7.1. Within such a model, it would be possible for any pattern of
impairment across the different input modalities, information types and semantic categories
to occur. Hence each of the patterns of impairment that have been observed empirically
could be explained in terms of damage to one or more of the semantic subsystems.
However, a model of this type has several important drawbacks. First, this model is little
more than a re-description of the empirical data. Second, the model cannot be falsified, as
within its three dimensions, any pattern of impairment may occur. Furthermore, the model
is ineflScient as a new semantic subsystem is required in order to explain each dissociation.
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It is also inefiScient in that, in order for there to be separate systems associated with different
modalities of input, there must be extensive duplication of semantic information across
systems. The possibility that some of these semantic subsystems are not necessary to
account for the available data must therefore be considered.

A more constrained model would be produced if it were argued that some relationship exists
between the organization of semantic memory along at least some of these dimensions.
Unlike the model illustrated in Figure 7.1, a model of this kind would be falsifiable, as it
would predict that certain patterns of performance should necessarily occur, while other
patterns should not occur.

Figure 7.1: Independent organization by modality, information type and category
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Consider first organization along the dimensions of semantic category and information type.
As previously noted, there does appear to be some empirical evidence to support the view
that there is a degree of independence between organization along these dimensions. For
example. Hart and Gordon (1992) described a patient (KR) with a semantic deficit that was
limited to the visual attributes of animals, while Laws et al. (1995) have reported a case of
the selective impairment of knowledge about the fimctional/associative attributes of living
things. This double dissociation between visual and fimctional/associative knowledge
suggests that at least one of these selective deficits cannot be explained in terms of
differences in processing difficulty between different types of information. Hence, when
considered together, these cases suggest that information type may be an organizing
principle of semantic memory. Furthermore, while the patient (SE) described by Laws et al.
demonstrated a selective impairment of knowledge about the fimctional/associative
properties of living things, Powell and Davidoff (1995) have described a patient (NB) for
whom this type of knowledge was selectively preserved. It would appear that at least one
of these patterns of performance is not explicable in terms of functional knowledge being
more difficult to retrieve for one semantic category than another. Taken together, cases of
semantic impairments which are both category-specific and attribute-specific appear to be
most compatible with the view that there is some degree of independence between
organization by category and organization by information type. A model in which this is the
case is shown in Figure 7.2. Within this model, the performance of a patient with a deficit
that was both category-specific and attribute-specific would be explained in terms of damage
to one of the four semantic subsystems, while the performance of a patient with a general
deficit for a particular category would be explained in terms of damage to both the sensory
and functional/associative subsystems relevant to members of the impaired category.

Of course this model is not, as yet, any improvement on the model illustrated in Figure 7.1.
Like the model in Figure 7.1, it is simply a re-description of the data that it seeks to explain.
Furthermore, unlike the model in Figure 7.1, it does not provide any account of modality
effects.

As previously noted, reports of patients with semantic deficits that are both modality-
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Figure 7.2: Independent organization by information type and category
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specific and category-specific provide strong evidence in favour of the view that semantic
memory is organized in some way by input modality. McCarthy and Warrington (1994) have
argued that the fact that patients have been described who have selective impairments for
each of the four possible combinations of visual/verbal input and knowledge about
living/non-living things suggests that such deficits cannot be explained in terms of one
combination simply being more difficult than the others. Instead they suggest that the
organization of semantic information by input modality is independent of its organization
by semantic category. They argue that information about living and non-living things is
represented separately within semantic systems accessed by visual and verbal input. In order
for this to be the case, there would have to be extensive duplication of information across
the visual and verbal systems. This type of duplication of information was cited previously
as one of the major drawbacks of the model illustrated in Figure 7.1. However, it may not
be necessary to adopt this approach. Instead, it may be possible to explain interactions
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between input modality and category in terms of a model in which organization by semantic
category is independent of organization by information type (as in Figure 7 .2), but in which
diûerent modalities of input only have direct access to modality-congruent information (see
Figure 7.3). In other words, there would be a degree of organization by input modality, but
there would be a relationship between organization by input modality and organization by
information type.

Figure 7.3: Related organization by modality and information type
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Deficits which are both modality-specific and category-specific could be explained in terms
of damage to one of the four semantic subsystems of this model. For example, the selective
deficit for visually presented living things demonstrated by patient PHD (McCarthy and
Warrington 1994) could be explained in terms of damage to knowledge about the sensory
attributes of living things. Performance with verbally presented living things could be
supported by access to knowledge about their fimctional/associative attributes. However,
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this would not be possible for visually presented living things, as visual stimuli would only
be able to access functional/associative attributes via the (impaired) sensory attributes.
Performance on both visually and verbally presented non-living things would remain intact.
However, the model in Figure 7.3 is unable to account for certain other empirical
observations. It was previously argued that deficits which are both category-specific and
attribute-specific are most easily explained in terms of damage to one of the four semantic
subsystems of the model illustrated in Figure 7.2. It can be seen that, when this account is
transferred to the model illustrated in Figure 7.3, it becomes identical to the explanation of
impairments which are both category-specific and modality-specific given above. What is
problematic for this model in Figure 7.3 is that some patients whose deficit is both categoryspecific and attribute-specific demonstrate the same pattern of performance regardless o f
the input modality in which stimuli are presented (e.g. Hart and Gordon 1992; Laws et al.
1995). These cases are problematic for this model because these patients appear to be able
to access information that is stored in parts of the semantic system that may only be
accessed via the part of the system that is considered to be impaired. For example, patient
KR (Hart and Gordon 1992) demonstrated impaired knowledge of the visual properties of
animals, regardless of whether stimuli were presented as picture or as words. This patient
would be considered to have sustained damage to information about the sensory attributes
of living things. However, what is problematic for the model shown in Figure 7.3 is that KR
was able to access fimctional/associative knowledge about animals from pictures. This
aspect of his performance is problematic because, according to this model, pictures would
have to access functional/ associative information about animals via impaired sensory
information about animals.^

This pattern of performance may be explained if, within each subsystem of the model shown
in Figure 7.3, a distinction is made between the central attributes of a concept and more
peripheral attributes (see Figure 7.4). This distinction would be similar to that which Smith
and his colleagues have made between the "identification procedure" and the "core" of a

^It should be noted that this pattern of performance is problematic for any model of semantic processing which
holds that pictures may only access knowledge about functional/associative attributes following access to
knowledge about visual attributes. Such theories include the Cascade model of unitary semantics, the ModahtySpecific Content hypothesis and also, to some extent, the Identification Procedures theory.
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Figure 7.4: An alternative model of semantic memory
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concept (see Smith 1989; Smith and Medin 1981, Smith, Medin and Rips 1984, As noted
in Chapter 1, Chertkow and his colleagues have also incorporated this distinction within
their Identification Procedures theory [Chertkow and Bub 1990b, Chertkow, Bub and
Caplan 1992]). Smith and his colleagues argue that the former consists o f the information
necessary for the identification and categorisation o f a concept, while the latter corresponds
more to the entire meaning o f a concept. Similarly, Miller and Johnson-Laird (1976)
differentiate between a key, designed for the rapid categorization o f concepts, and more
extensive semantic knowledge on which the key is based. The present distinction between
central and peripheral attributes differs from these other formulations in a number o f ways
First, the central attributes o f a concept would consist o f the most frequently accessed
features of that concept. Hence the central attributes o f a concept would include the features
necessary for the identification o f that concept (as these features would need to be accessed
each time the concept was encountered) but would also include other frequently accessed
information which was not necessary for the identification o f the concept. Second, there
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would not be a sharp cut-off point between central and peripheral attributes. Rather, there
would be a gradient from more central attributes to more peripheral attributes. More central
attributes would be more resistant to the effects of brain-damage, as a result of their greater
familiarity and frequency of use. It could be argued that as long as the central attributes of
a concept in a particular subsystem remain intact, they may be used to access information
stored in other subsystems. This would be possible even if more peripheral attributes were
impaired. In other words, it may not be necessary to access the total sum of knowledge
about a concept in a particular subsystem in order for that concept to be processed in a
subsequent subsystem.

A patient such as KR (Hart and Gordon 1992) could then be considered to have sustained
damage to peripheral sensory attributes of living things. This would produce some
impairment to his knowledge of the visual properties of living things, but information about
the central sensory attributes of living things would be sufficient to support access to their
functional properties from vision. (Access to the functional attributes of living things from
verbal input would, of course, be direct and therefore intact.) By contrast, patient PHD
(McCarthy and Warrington 1994), who demonstrated a selective impairment for visually
presented living things would be considered to have an impairment to both the central and
peripheral sensory attributes of living things. This would impede access to all types of
semantic information about living things from vision. According to the model shown in
Figure 7.4, therefore, the functional impairments underlying deficits which are categoryspecific and attribute-specific, and deficits which are category-specific and modality-specific
would differ only in terms of their degree of severity. Both types of deficit would be the
result of a selective impairment of one of the four subsystems of the model, but only in the
former case would the deficit be sufficiently mild (i.e. sparing central attributes) to allow
processing to proceed to subsequent subsystems. The performance of a patient with a
general deficit for a particular category (such as JBR) would be explained in terms of
damage to both the sensory and functional attributes of members of the affected category.

The performance of patient SE (Laws et al. 1995) lends some support to the view that it
may be useful to make a distinction between the central and peripheral attributes of objects.
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As noted above, SE demonstrated a selective deficit for the associative properties of living
things. According to the model illustrated in Figure 7 .4, this pattern of performance would
be explained in terms of an impairment to the peripheral functional attributes of living things.
Access to sensory information about living things from verbal input would remain possible
via the better preserved central functional attributes of living things. Laws et al. noted that
SE was actually able to produce as many "critical associative properties" for living things
as for non-living things, and that his problems with the associative properties of the former
category consisted primarily of intrusions in his definitions of these items. Laws et al.
suggested that SE may have sustained an impairment to domain-specific mapping processes
spanning identification procedures and core concepts. Furthermore, they suggested that "the
evidence appears to be consistent with the partitioning of such ... procedures along
category-specific and even attribute-specific lines" (p. 431).

A final point is that the information necessary to name objects must be specified. It would
seem reasonable to assume that the central attributes of concepts would be more crucial to
naming than peripheral attributes, as the former would include the information necessary to
distinguish the target concept from other concepts. However, the fact that patient KR had
a naming deficit for animals, despite the fact that he was able to access fimctional/associative
knowledge about members of this category fi'om vision, suggests that more specific
semantic information may be required to support naming than is required to support
communication between subsystems.^ Hence it would appear that semantic knowledge must
be relatively well preserved in order for naming to be supported.

^The fact that KR had greater success in answering functional/associative questions about animals than in naming
them may also reflect the fact that the former task involved a forced-choice format. Picture naming, which is a
less constrained task, may be a more stringent test of semantic knowledge.

'* It should be noted that Laws et al. (1995) have argued that the fact that a patient with selectively impaired
knowledge of the functional attributes of animals (SB) could name items from this category whereas a patient
with selectively impaired knowledge of the visual attributes of animals (KR) could not, suggests that sensory
knowledge may be sufficient to support naming (at least for living things) However, while this is an interesting
possibility, there are other potential explanations of SB's superior naming performance. For example, it is
possible that the semantic impairment sustained by SB was simply less severe then that sustained by KR.
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7.5.2 Summary of the alternative model

The available empirical data have been used to develop the alternative model of semantic
memory illustrated in Figure 7.4. A more formal description of this model will be given
below.

For the sake of simplicity, a number of processing assumptions have been made:-

1. Input to the semantic system can be either visual or verbal.

2. Visual stimuli must access representations v^thin a pre-semantic structural description
system prior to accessing the semantic system. Representations within this structural
description system may be able to support performance on certain visual tasks, such as
object decision.

3. The strength of representation of semantic information is linked to factors such as
frequency, familiarity and age of acquisition. For example, high familiarity information will
be more strongly represented than low familiarity information. High familiarity information
will therefore be accessed more quickly and be more resistant to the effects of brain damage
than low familiarity information.^

4. The semantic properties of concepts may be broadly divided into those which are sensory
and those which are functional/associative.

5. Concepts may be broadly divided into those which are living and those which are non
living.

Within this model, the semantic system is considered to consist of a set of semantic features.
An individual concept is represented by a subset of these features. The distribution of

^ Similarly, Shallice (1988b) has suggested that "More fiequent items presumably have a larger and more
redundant underfying representation. So it is natural that item frequency is a major factor in determining which
items are lost in degraded store impairments." (p. 283).
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knowledge across the system is not homogeneous. Rather, different parts of the system
represent different kinds of knowledge. As a result, it is possible for brain damage to
selectively impair relatively well-circumscribed subsets of semantic knowledge. The
differentiation of the semantic system is considered to come about because systems outside
the semantic system itself make different quantitative contributions to the acquisition of
different types of semantic knowledge (see, for example, Warrington and McCarthy 1987;
Shallice 1988b). This causes features that represent similar kinds of semantic information
to cluster together, because their acquisition relies on similar connections with systems
outside the semantic system. The end result is an organized semantic system in which
subregions may be differentiated from one another on a number of dimensions.

First, within the semantic system itself, semantic features are broadly organized into sensory
and frmctional/associative attributes (Warrington and Shallice 1984). This type of
organization could come about if, for example, connections with sensory modalities are
especially important for the acquisition of sensory information, while connections with
cognitive systems underlying action and intention are more important for the acquisition of
functional/ associative semantic information (Warrington and McCarthy 1987). Sensory and
fimctional/associative information would then come to be represented in different parts of
the system. The total semantic representation of an individual concept is considered to be
spread over features in these two domains - i.e. each concept consists of both sensory
features and fimctional/associative features.

In addition, visual and verbal input have privileged access to different types of semantic
information. Visual input has privileged access to sensory information while verbal input has
privileged access to fimctional/associative information. In this respect, the model is similar
to the Modality-Specific Content hypothesis. This pattern of privileged relationships
between different input modalities and different types of knowledge would reflect the
frequency with which each type of information must be accessed from different types of
input (see Shallice 1988b). It should be noted that, within this model, the organization of
semantic memory by input modality does not necessitate the duplication of information
across visual and verbal semantic subsystems (cf. McCarthy and Warrington's [1988]
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characterization o f the multiple semantics hypothesis).

Semantic features are also organized categorically. Once again, this type of organization is
considered to arise because systems outside the semantic system make different quantitative
contributions to the acquisition of different types of semantic knowledge. Although the
conceptual representations of both hving things and non-living things contain both sensory
and functional/associative features, it is held that the members of these categories differ in
terms of the precise type of sensory and functional attributes that are relevant to them. This
is because, in the real world, living and non-living things do not share many sensory or
fimctional attributes. Hence different information from systems outside the semantic system
will be more important for the acquisition of the sensory and functional attributes of living
and non-living things. Farah et al. (1989) have proposed a similar idea. These authors
suggest that sensory knowledge could be sub-divided categorically if the representation of
the visual properties of living things requires different capacities to those needed for the
representation of the visual properties of artifacts. Similarly, Laws et al. (1995) suggest that
"Associative knowledge, like sensory knowledge, is almost certainly heterogeneous. The
associative knowledge that is involved in the semantic representation of objects has far
closer links to skilled actions than the associative knowledge pertinent to animals and living
things." (p. 428). The result is a system that is organized by both information type (sensory
or functional) and semantic category (living or non-living). Neither type of organization is
considered to be primary. This is because, while the informational channels used to acquire
a particular piece of semantic knowledge will overlap, to some extent, with the channels
used to acquire other information of the same type (i.e. other sensory or functional
attributes), they will also overlap with the channels used to acquire information about other
items from the same category (i.e. other living or non-living things). Furthermore, it is
important to note that, while the different weightings of information from systems outside
the semantic system during concept acquisition are considered to be responsible for
producing a differentiated semantic system, this does not mean that an impairment to a
particular informational channel would result in a deficit for a particular type of information
or semantic category once the representations for that type of information or semantic
category had been established (see Laws et al., 1995 for a similar point).
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A distinction is also made between the central and peripheral attributes of concepts. As
described above, the central attributes of a concept consist of the features of that concept
that are accessed most frequently. These attributes include the features necessary for the
identification of the concept, but also include other familiar features of the concept. Hence,
unlike Chertkow et al.'s "identification procedures" (Chertkow and Bub 1990b; Chertkow,
Bub and Caplan 1992; see also Smith 1989; Smith and Medin 1981; Smith, Medin and Rips
1984), the central attributes of a concept do not consist solely of the features necessary for
the identification of that concept. Furthermore, there is not a sharp distinction between
central and peripheral attributes. Instead, there is a continuum from more central to more
peripheral attributes. Because central attributes are more familiar and more fi-equently used
than peripheral attributes, they are more resistant to the effects of brain-damage. The central
attributes of a concept in one part of the semantic system are sufficient to activate the
attributes of that concept that are stored in other parts of the system. In other words, it is
not necessary for the peripheral attributes of a concept in a particular subregion of the
semantic system to be intact in order for other parts of the semantic system to be accessible
via that subregion.

Overall, it is clear that a model of this type must be a gross oversimplification of the
semantic system. However, it is possible that such a model may be able to capture the
organization of the semantic system at a very broad level, even if, in reality, much more fine
grained clusters of semantic information would exist within the organizing dimensions that
have been considered here.

7.6 The new model as an account of empirical findings from the present thesis

This model appears to be able to account for a number of the empirical findings described
in this thesis.

First, the fact that patients with damage to stored semantic representations (according to the
criteria proposed by Warrington and Shallice 1979) do not necessarily show superior
performance v^ith pictures rather than words is easily accountable for within the model.
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Neither input modality has generally privileged access to the semantic system, and so there
would be no reason to expect one modality to have a consistent advantage in semantic tasks.

The interaction between input modality and the type of information sought in Experiment
4.1 may also be accounted for as, according to this model, pictures have privileged access
to

sensory

semantic

information,

while

words

have

privileged

access

to

functional/associative semantic information.^

Finally, the fact that patient JBR demonstrated a deficit for information about both the shape
and function of living things in the context of intact knowledge about non-living things may
be accounted for in terms of an impairment to both the sensory and fimctional/associative
attributes of living things.

The findings with regard to the effects of specific task demands will be discussed in Section
7.8.

7.7 Possible limitations of the new model

One potential problem for this model is that patient TOB (who demonstrated a selective
deficit for verbally presented living things) scored very highly on a task in which he was
required to produce definitions of visually presented living things (McCarthy and
Warrington 1988). According to the model illustrated in Figure 7.4, TOB's deficit for
verbally presented living things would be explained in terms of damage to both the central
and peripheral functional attributes of members of this category. His performance on the
definition task would therefore have to be supported by access to partial semantic
information about living things from vision (i.e. information about sensory attributes). It
could be argued that it is unlikely that a high level of performance on this task could be

^Note that, although in Experiments 4.2 and 5.1 no word superiority effects were found for judgements on a non
visual dimension, this is not a problem for the model. This is because absolute differences between pictures and
words for judgements on a particular dimension are difficult to interpret, as an advantage for one modality at the
semantic stage could be cancelled out by an advantage for the other modality at another (perhaps pre-semantic)
stage. It is therefore the interaction between the effects of input modahty and question type (as observed in
Experiment 4.1) that is the crucial factor.
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produced in such a way. However, McCarthy and Warrington (1988) report that they
adopted a lenient criterion when scoring this task, such that only the core concept needed
to be conveyed. If it is also proposed that many of the defining attributes of living things are
sensory, then it is possible that sensory semantic knowledge would be sufficient to support
performance to this criterion.

The performance of patient PHD (McCarthy and Warrington 1994) is compatible with this
view. This patient had better access to semantic knowledge about living things from words
than from pictures. According to the model illustrated in Figure 7.4, this pattern of
performance would be explained in terms of damage to both the central and peripheral
sensory attributes of living things. Hence his performance with verbally presented living
things would have to be supported by access to their fimctional/associative attributes. If
fimctional/associative information is less important in the representations of living things
than sensory information, then PHD's performance on this task would be expected to be
somewhat impaired. It is interesting to note, albeit post hoc, that this is what was observed.
PHD's knowledge about verbally presented living things, though better than his knowledge
of visually presented living things, was worse than his knowledge about non-living things.
This observation is compatible with the view that he was not able to access the fu ll semantic
representations of living things from verbal stimuli.

This model has, of course, been developed to account for the empirical data post hoc,
furthermore, it is highly speculative. It is much easier to account for the data in terms of a
model in which organization by input modality, information type and taxonomic category
are all independent of one another (as in Figure 7.1). However, the present model has a
number of advantages over such an hypothesis. First, this model does not involve the
duplication of semantic information across systems. To do so would seem to be an
extremely inefficient method of storing information. Second, this model can account for a
number of co-occurrences of deficits that would otherwise have to be considered to be
coincidental. For example, within the model shown in Figure 7.1, the fact that both KR and
SE demonstrated the same, very specific, deficits with both visual and verbal input would
have to be considered to be a coincidence. In addition, unlike the model in Figure 7.1, the
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present model is falsifiable. This is because, within the current model, there are certain
relationships between organization along one dimension and organization along another.
This means that some patterns of performance should occur, while others should not. For
example, the model would be falsified if a patient were found to have poorer access to a
particular type of information (i.e. sensory or functional knowledge) fi'om the input modality
that is considered to have direct access to that type of information than fi'om the input
modality that is considered to have only indirect access to that type of information.’ This
would be the case if, for example, a patient demonstrated better functional knowledge about
visually presented stimuli than about verbally presented stimuli. This type of finding would
falsify the model because, although functional information is considered to be accessible
fi'om pictures (via sensory information), this type of information should always be at least
equally accessible fiom words.

Clearly, the number of ways in which the model could be falsified using data on the patterns
of preserved and impaired capabilities of neurological patients is fairly small, owing to the
assumption that an impairment to one part of the system will not necessarily prevent access
to subsequent parts of the system. However, the model may be more suited to making
predictions about what should and what should not be observed in on-line tasks. For
example, the present model retains the prediction of the Modality-Specific Content
hypothesis that (for normal subjects) pictures will have a relative advantage in accessing
visual semantic information, while words will have a relative advantage in accessing
fimctional/associative semantic information (as observed in Experiment 4.1). The model also
predicts that this basic pattern of privileged relationships between different input modalities
and different types of information should be observed for both living and non-living things.

Finally, it should be noted that the observations which are only accounted for rather
awkwardly by the present model (such as TOB's good definitions of visually presented living
things, or KR's good access to functional knowledge about animals fiom pictures) are
extremely problematic for other models of semantic processing. The present model is

’ In order for the model to be falsified in this way, the impairment would have to be considered to be one
semantic storage rather than semantic access.
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intended as a first-pass attempt at accounting for all of the data that have been reported
within a single model.

7.8 The question of task demands

A final point is that the results of a number of the experiments described in this thesis
suggest that some caution should be exercised when interpreting the results of tests of
semantic memory. This is because there are some indications that the pattern of results
obtained may depend on the specific task used.

In some cases, the reasons why different types of task may have produced different results
were quite simple. For example, in Experiment 3.1 it was demonstrated that patients with
damage at the level of stored semantic representations (according to the criteria proposed
by Warrington and Shallice 1979) did not show superior semantic access from pictures
rather than words. This was in contrast to the results obtained by Chertkow and his
colleagues. It was suggested that the difference between these two sets of results may reflect
the fact that, in Experiment 3 .1, the test stimuli were chosen so that none of the semantic
probe questions could be answered on the basis of information visible in the pictures, and
distractor responses were chosen so as to be as plausible as possible in the context of the
relevant picture. The results of Experiment 4.1 also demonstrated the importance of
choosing test stimuli and target questions that do not give pictures an obvious advantage.
In this experiment, semantic decisions were made more quickly for words than for pictures
for judgements on a non-visual dimension. Decisions about the harmfiilness of objects were
used to represent a non-visual dimension in this study. The pattern of results obtained
contrasts sharply with the picture superiority effects that have been found in studies in which
category-membership has been taken to represent a non-visual dimension (e.g. Pellegrino
et al. 1977).

In Experiment 6.1, the importance of obtaining more than one measure of a target variable
was demonstrated. Patient JBR did not demonstrate any disproportionate impairment to his
sensory knowledge when this was measured in terms of his knowledge about the shape of
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objects. However, when his knowledge of other sensory properties, such as colour, was
examined, there was some indication that this type of information may have been
disproportionately impaired (at least for living things).

Finally, in Experiment 4.2, a picture superiority effect was found for judgements on a non
visual dimension when paired stimuli were used, but not when single stimuli were used. The
results of Experiment 5.1 demonstrated that this interaction between the effects of input
modality and style of presentation could not be explained in terms of whether or not a
comparison task was involved. It was suggested instead that the modification of the effect
of input modality in Experiment 4.2 may reflect the fact that the single stimulus condition
involved a verbal response, whereas the paired stimulus condition involved a non-verbal
response. Of course this is, at present, only a tentative explanation of the observed
interaction, and the possibility of an effect of response type (verbal or non-verbal) on tasks
of this kind remains to be tested directly. However, if response type were found to be an
influential factor, this would have important implications for the interpretation of tests of
semantic knowledge.

Overall, therefore, the results of the experiments described in the present thesis underline
the importance of careful construction of test materials, and the use of more than one
measure of a target variable. In addition, they suggest that the potential effects of response
type (verbal or non-verbal) should be considered when interpreting the results of tests of
semantic memory.

7.9 Possible extensions of the present work

The present work could be extended by exploring some of the predictions of the model
illustrated in Figure 7.4. For example, reaction-time studies of normal subjects could be
carried out to investigate whether the pattern of privileged relationships between different
input modalities and different types of semantic information (i.e. sensory and
functional/associative knowledge) is similar for both living and non-living things.
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In addition, the possibility that certain factors may influence the performance of semantic
tasks, even when the type of semantic information being tapped appears to remain constant
could be explored further. Relevant variables might include factors such as the style of
stimulus presentation (e.g. single or paired), the format of the question asked (e.g. true/false
or forced-choice), the nature of the required response (e.g. verbal or non-verbal) and so on.
The possibility that these factors could modify the effects of variables such as input
modality, information type and taxonomic category could then be explored. Once again, this
work could be carried out using normal subjects. Once there was a larger knowledge-base
of how these factors influence the perfortnance of normal subjects, these factors could be
taken into consideration when interpreting the performance of neurological patients. An
interesting possibility is that such findings might suggest that it is not necessary to postulate
that semantic memory is organized along all of the dimensions that are currently considered
to be important. Instead, certain dissociations between tasks might be found to be explicable
in terms of differences in task chsfracteristics, rather than being indicative of the use of
different semantic representations to support performance in each task.
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Appendix A

Probe questions used in Experiment 3.1

(A) Animals

1. Cat

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in a house, a kennel or a stable?
Is it bigger, smaller or the same size as a dog?
Does it eat leaves, meat or grain?

2. Cow

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in a kennel, a field or a stable?
Is it bigger, smaller or the same size as a cat?
Does it eat meat, bamboo shoots or grass?

3. Dogs

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in a stable, a bam or a kennel?
Is it bigger, smaller or the same size as a cat?
Does it eat meat, grain or grass?

4. Elephant

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in the plains, the desert or the marshes?
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Is it bigger, smaller or the same size as a cat?
Does it eat meat, grain or leaves?

5. Giraffe

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in the desert, the forest or the plains?
Is it bigger, smaller or the same size as a cat?
Does it eat leaves, meat or grain?

6. Horse

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in a stable, a kennel or a sty?
Is it bigger, smaller or the same size as a cat?
Does it eat meat, grain or bamboo shoots?

7. Lion

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in the marshes, the plains or the desert?
Is it bigger, smaller or the same size as a cat?
Does it eat grain, grass or meat?

8. Panda

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in the plains, the marshes or the forest?
Is it bigger, smaller or the same size as a cat?
Does it eat bamboo shoots, grain or meat?
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9. Tiger

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in the jungle, the desert or the woods?
Is it bigger, smaller or the same size as a cat?
Does it eat grass, meat or leaves?

10. Zebra

Is this an animal, an object or a food?
Is it a farm animal, a pet or a wild animal?
Does it live in the mountains, the desert or the plains?
Is it bigger, smaller or the same size as a cat?
Does it eat meat, bamboo shoots or grass?

(B) Fruits and Vegetables

1. Apples

Is this a fruit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a tree, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it crispy, crumbly or hard inside?

2. Banana

Is this a fruit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a tree, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it soft, crispy or juicy inside?
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3. Beans

Is this a fruit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a plant, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it hard, chewy or crispy inside?

4. Carrots

Is this a fruit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a tree, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it soft, juicy or crumbly inside?

5. Cauliflower

Is this a fruit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a tree, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it juicy, soft or crumbly inside?

6. Lemon

Is this a fruit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a tree, on the ground or underground?
Can you use it as it is, or do you have to peel it, or do you have to cook it?
Is it crispy, chewy or juicy inside?

7. Orange

Is this a fruit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
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Does it grow on a tree, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it juicy, crispy or crumbly inside?

8. Potato
Is this a finit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a tree, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it juicy, crispy or soft inside?

9. Strawberries
Is this a finit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a plant, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it hard, crispy or soft inside?

10. Tomatoes
Is this a finit, a vegetable or an animal?
Is it bigger, smaller or the same size as a tennis ball?
Does it grow on a plant, on the ground or underground?
Can you eat it as it is, or do you have to peel it, or do you have to cook it?
Is it hard, soft or crumbly inside?

(C) Man-Made Objects

1. Buttons
Is this an animal, an object or a finit?
Would you find it in the kitchen, the garden, or on yourself?
Is it bigger, smaller or the same size as your hand?
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Are they used to play games, to fasten clothes or for jewellery?
Are they made of paper, cardboard or plastic?

2. Clock

Is this an animal, an object or a fruit?
Would you find it in the garden, somewhere else in the house or carry it with you?
Is it bigger, smaller or the same size as your hand?
Does it tell the time, show the temperature or weigh things?
Does it tick, whistle or ring?

3. Kettle

Is this an animal, an object or a fruit?
Would you find it in the kitchen, the garden, or carry it with you?
Is it bigger, smaller or the same size as your hand?
Is it used to boil liquid, to cool liquid or to serve drinks?
Do you put juice, water or milk inside it?

4. Lamp

Is this an animal, an object or a fhiit?
Would you find it in the house, the garden, or carry it with you?
Is it bigger, smaller or the same size as your hand?
Is it used for music, for cooking or for light?
Is it powered by electricity, steam or petrol?

5. Lighter

Is this an animal, an object or a fruit?
Would you find it in the garden, somewhere else in the house or carry it with you?
Is it bigger, smaller or the same size as your hand?
Is it used for smoking cigarettes, as make-up or for storing hquid?
Is it powered by battery, electricity or gas?
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6. Lipstick

Is this an animal, an object or a fruit?
Would you find it in the kitchen, somewhere else in the house, or carry it with you?
Is it bigger, smaller or the same size as your hand?
Is it used for eating, as make-up or for drawing?
Would you put it on your mouth, your eyes or your cheeks?

7. Saucepan

Is this an animal, an object or a fruit?
Would you find it in the kitchen, somewhere else in the house, or carry it with you?
Is it bigger, smaller or the same size as your hand?
Is it used for cooking, for storing things or for pouring drinks?
Would you fry, boil or grill things with it?

8. Spoon

Is this an animal, an object or a fhiit?
Would you find it in the kitchen, somewhere else in the house, or carry it with you?
Is it bigger, smaller or the same size as your hand?
Is it used for stirring, weighing or spreading?
Is it crockery, cutlery or china?

9. Telephone

Is this an animal, an object or a finit?
Would you find it in the kitchen, somewhere else in the house, or carry it with you?
Is it bigger, smaller or the same size as your hand?
Is it used for music, for making calls or for weighing things?
Does it whistle, tick or ring?

10. Typewriter

Is this an animal, an object or a fruit?
Would you find it in the kitchen, somewhere else in the house, or carry it with you?
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Is it bigger, smaller or the same size as your hand?
Is it used for making calls, for doing calculations or writing letters?
On its keys would it have letters, numbers or both?

(D) Foods

1. Butter
Is this a food, a vegetable or an animal?
Would you buy it from a dairy, a take-away or a baker?
Is it made from milk, flour or fruit?
Would you grill it, boil it or neither?
Would you have it on bread, on fruit or for dessert?

2. Cake
Is this a food, a vegetable or an animal?
Would you buy it from a dairy, a baker or a butcher?
Is it made from meat, flour or vegetables?
Would you fry it, grill it or neither?
Would you have it for breakfast, dinner or dessert?

3. Cheese
Is this a food, a vegetable or an animal?
Would you buy it from a dairy, a sweet-shop or a baker?
Is it made from milk, meat or fhiit?
Would you boil it, fry it or neither?
Would you have it for breakfast, dessert or neither?

4. Chips
Is this a food, a vegetable or an animal?
Would you buy it from a sweet-shop, a baker or a take-away?
Is it made from milk, potatoes or meat?
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Would you fry it, grill it or neither?
Would you have it for breakfast, dinner or dessert?

5. Chocolate

Is this a food, a vegetable or an animal?
Would you buy it from a sweet-shop, a butcher or a dairy?
Is it made from meat, flour or sugar?
Would you fry it, boil it or neither?
Would you have it for breakfast, dinner or a snack?

6. Ice Cream

Is this a food, a vegetable or an animal?
Would you buy it from a baker, a dairy or a butcher?
Is it made from potatoes, milk or flour?
Would you boil it, grill it or neither?
Would you have it for breakfast, dinner or dessert?

7. Rice

Is this a food, a vegetable or an animal?
Would you buy it from a baker, a dairy or a grocer?
Does it come from a plant, a tree or an animal?
Would you boil it, grill it or neither?
Would you have it for breakfast, dinner or dessert?

8. Sausage

Is this a food, a vegetable or an animal?
Would you buy it from a sweet-shop, a dairy or a butcher?
Is it made from milk, meat or potatoes?
Would you fry it, boil it or neither?
Would you have it for breakfast, a snack or dessert?
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9. Soup

Is this a food, a vegetable or an animal?
Would you buy it from a grocer, a baker or a dairy?
Is it made from fruit, sugar or vegetables?
Would you fry it, grill it or neither?
Would you have it for breakfast, dinner or dessert?

10. Spaghetti

Is this a food, a vegetable or an animal?
Would you buy it from a butcher, a grocer or a baker?
Is it made from flour, fruit or sugar?
Would you fiy it, boil it or grill it?
Would you have it for breakfast, dinner or dessert?
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Appendix B

Scores for individual patients in Experiment 3.1

This Appendix includes the scores for individual patients on the baseline tests and
experimental tasks used in Experiment 3.1. The reasons for concluding that each of these
patients had a deficit at the semantic level are also outlined.

Individual scores on baseline tests

The scores for individual patients on the baseline tests are shown in Table B2.

Table B l: Individual scores on baseline tests

Patient

Single-word
Repetition
n = 20

Auditory Lexical
Decision®
n = 32

Ravens Coloured
Matrices’’
n = 10

n = 20

BL

19

28

5

9

RV

20

28

5

11

GH

19

30

9

16

EB

18

26

10

20

AW

19

29

10

18

FD

19

31

9

17

BW

19

27

6

12

LM

19

31

4

12

FL

17

25

10

13

AB

19

21

7

16

Object Decision*

*For auditory lexical decision, a score of 22 or more was above chance.
‘‘For the Ravens Coloured Progressive Matrices, a score of 5 or more was above chance.
Tor object decision, a score of 15 or more was above chance. It should be noted drat this task may have been an over-stringent test of
visual perceptual processing. For example, Chertkow and Bub (1990b) found that their patioits performed at the same level as control
subjectson a versionofthis task wliich consistedofline drawings ofsimple household objects and non-objects drawn fiom a group designed
by Kroll and Potter (1984). However, only 6/10 of their subjects were able to perform at above-chance levels cma more difficult version
of the task which (like the task used in the present study) consisted ofline drawings of real animals and non-animals.
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Individual scores on experimental tasks

The scores for individual patients on the experimental tasks are given in Table B2.

The control subjects scored a mean of 38.8 on picture naming (S.D. = 1.2), with a range of
37 to 40. All of the patients scored below this range.

For the semantic probe questions, the control subjects scored a mean of 192.5 (S.D. = 2.9)
with pictures and 195.0 (S.D. = 2.3) with words. All of the patients' scores were more than
3 standard deviations below the control mean in both modalities. It should be noted that all
of the patients were able to read all of the written stimuli correctly.

Table B2: Individual scores on experimental tasks

Patient

Naming
n = 40

Pictures
n = 200

Words
n = 200

BL

31

140

119

RV

24

142

166

GH

33

172

175

EB

36

176

174

AW

27

156

175

FD

31

160

169

BW

30

169

176

LM

33

156

162

FL

33

148

168

AB

27

118

114
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Identifying the Locus of Impairment

Pattern A (Patients GH, EB, AW and FD)

These patients scored well on single-word repetition, auditory lexical decision and object
decision. This meant that their problems on the semantic tasks could not be explained in
terms of deficits in visual processing, auditory comprehension or speech production. It was
therefore concluded that each of these patients had a deficit at the semantic level.

Pattern B (Patients BL, RV, BW, LM and FL)

These patients scored quite well on both single-word repetition and auditory lexical
decision, but their performance on object decision was somewhat impaired. However, as
their performance on semantic probe questions was poor for both pictures and words, it was
concluded that these patients had some impairment at the level of semantic memory.

Pattern C (Patient AB)

This patient scored well on both single-word repetition and object decision, but his
performance on auditory lexical decision was somewhat impaired. However, as his
performance on semantic probe questions was poor for both pictures and words, it was
concluded that this patient had an impairment at the level of semantic memory.
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Appendix C

Stimuli for Experiment 4.1

List 1
Large Harmful

Small Harmful

Alligator

Cigarette

Baseball-bat

Gun

Car

Hammer

Lion

Knife

Rhinoceros

Needle

Large Non-harmful

Small Non-harmful

Broom

Butterfly

Couch

Mouse

Suitcase

Pencil

Table

Snail

Trousers

Spoon

List 2
Large Harmful

Small Harmful

Axe

Bee

Bear

Cigar

Cannon

Iron

Motorcycle

Nail

Tiger

Scissors

Large Non-harmful

Small Non-harmful

Bed

Clothes-peg

Desk

Comb

Piano

Fly

282

Pram

Squirrel

Zebra

Toothbrush
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Appendix D

Stimuli for Experiment 4.2

Single stimulus condition

The stimuli for the single stimulus condition were the same as the stimuli for Experiment 4.1
(see Appendix C), with the following additions:-

Harmful

Non-harmful

Dog

Sheep

Gorilla

Pig

Leopard

Cow

Rolling-pin

Giraffe

Saw

Trumpet

Snake

Flag

Paired stimulus condition

The pairs of items used in the paired stimulus condition were as follows.-

Harmful item

Non-harmful item

Lion

Broom

Rhino

Couch

Alligator

Table

Tiger

Suitcase

Needle

Trousers

Bear

Mouse

Bee

Snail

Cigarette

Butterfly

Dog

Spoon
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Gorilla

Pencil

Leopard

Zebra

Knife

Pram

Gun

Piano

Hammer

Bed

Car

Desk

Nail

Fly

Baseball-bat

Squirrel

Cigar

Comb

Scissors

Clothes-peg

Motorcycle

Toothbrush

Rolling-pin

Sheep

Iron

Pig

Snake

Cow

Cannon

Giraffe

Axe

Trumpet

Saw

Flag
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Appendix £

Stimuli for Experiment 5.1

The stimuli for Experiment 5.1 were the same as the stimuli for the single stimulus condition
of Experiment 4.2 (see Appendices C and D). These stimuli were presented in a fixed
sequence, as follows:-

(Spider - to begin sequence)
1.

Pencil

2.

Iron

3.

Tiger

4.

Broom

5.

Butterfly

6.

Needle

7.

Dog

8.

Gun

9.

Flag

10.

Motorcycle

11.

Rolling-pin

12.

Leopard

13.

Cow

14.

Snail

15.

Table

16.

Axe

17.

Pram

18.

Car

19.

Alligator

20.

Suitcase

21.

Scissors

22.

Hammer
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23.

Squirrel

24.

Trousers

25.

Bee

26.

Rhino

27.

Zebra

28.

Desk

29.

Clothes-peg

30.

Couch

31.

Nail

32.

Snake

33.

Piano

34.

Gorilla

35.

Pig

36.

Fly

37.

Spoon

38.

Cigarette

39.

Baseball-bat

40.

Cannon

41.

Trumpet

42.

Saw

43.

Toothbrush

44.

Cigar

45.

Bear

46.

Giraffe

47.

Bed

48.

Knife

49.

Lion

50.

Sheep

51.

Mouse

52.

Comb
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miner corrections
43 para 3 Warrington and Shallice 1984 (not 1994).
44 para 2 give references for the Chertkow quote.
97 Hair et al 1992 not in the references.
103 para 2 line -1 AW's impairment
in the verbal semantic
system would appear to be less severe (not more).
125 para 2 Figure 4.1 should be Table 4,1.
135 Point 2 delete 'be'.
223 line 1 insert 'be' in 'not be explained'.
‘ferences
iauvois, Saillant, Meninger and Lhermitte 1978 hag been given
ie the title and source of the paper by Beauvois and Saillant
985) Cog. Nauropsych. The B,S,M and L paper is in Brain.

HAND BOUND
BY
COLLIS BIRD
AND
WITNEY
LONDON 0171-607-1116

