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Summary
We report the case of a patient, A.Z., with a refractory
disorder of semantic processing. Using a number of spo-
ken word±written word matching paradigms, her com-
prehension of the broad proper nouns category of place
names was investigated. In addition to being sensitive to
temporal factors, A.Z.'s ability to identify country or
city names accurately was signi®cantly worse when
selecting a target from an array of geographically close
rather than distant places. The in¯uence of geograph-
ical proximity and location was observed even when
identifying proximal and distal English towns, but not

with less well-known American states. These close and
distant effects are attributed to the build-up of refrac-
toriness in representations with shared neural circuitry.
Our ®ndings reveal a previously undocumented level of
®ne-grain organization in this domain of semantic
space. It is argued that information about geographical
proximity cannot be encoded in purely verbal or visual
terms. Consequently, we propose the existence of a sep-
arate module of spatially encoded information within
conceptual knowledge.
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Introduction
Cognitive neuropsychological investigations of conceptual

knowledge are based on the assertion that patterns of

performance following damage to an organized semantic

system enable us to draw implications about the nature of that

structure. For example, using a lesion-based methodology,

neuropsychologists have demonstrated that semantic know-

ledge may be divided along a number of axes (e.g. concrete/

abstract, noun/verb). Within the noun domain, a series of

increasingly ®ne-grain dissociations have been revealed,

from the distinction between man-made artefacts/living

things, to that between manipulable/non-manipulable arte-

facts and animals/fruit and vegetables. These dissociations,

many of which would not have been widely predicted before

their discovery, offer evidence of partially dissociable neural

bases underlying different modules of semantic knowledge.

However, it is possible that an even more ®ne-grain

organization exists within even these narrowly de®ned

categories. This prediction underlies any drive towards

discovering the nature of a `concept'.

Within the context of such a drive for understanding,

several criticisms have been levelled at lesion-based meth-

odologies. One limitation of studies reliant on naturally

occurring lesions of a vascular origin is that the size and

impact of a lesion may mask an even ®ner level of

organization which exists within the impaired cognitive

module. In contrast, minimal events which cause highly

speci®c cognitive de®cits may be too slight to merit medical

and neuropsychological examination. One solution comes

from extending our investigations beyond the realm of static

impairments of information processing. Indeed, it was the

detailed examination of a patient with a dynamic access

de®cit of semantic knowledge following a large left hemi-

sphere stroke which revealed evidence of ®ne-grain structure

within the category of man-made artefacts (manipulable/non-

manipulable; Warrington and McCarthy, 1987).

A major distinction has been drawn between cognitive

de®cits arising from damage to central information stores and

those attributable to impaired access to otherwise intact
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stored information. Impairments of the former type are

known as `storage' disorders, and produce patterns of

cognitive performance which, though impaired, are consist-

ent and item-speci®c (even when only partial knowledge is

retained). For example, individuals with storage disorders of

semantic memory consistently identify the same items

correctly or incorrectly if tested on several separate occasions

(e.g. Coughlan and Warrington, 1981). In contrast, impair-

ments of the latter type, known as `access' disorders, are

characterized by response inconsistency when stimuli are

presented repeatedly.

One form of access disorder is characterized by two further

properties. First, the performance of access patients on word±

picture matching tasks often is signi®cantly affected by

presentation rate. By introducing a brief interval between

each response and the presentation of the subsequent stimulus

(the response±stimulus interval; RSI), the response accuracy

of access patients can be greatly facilitated. Such patients

apparently require longer to `recover' after processing a

particular stimulus. Indeed, this temporal in¯uence, termed

`refractoriness', has been described as `the reduction in the

ability to utilize the system for a period of time following

activation' (Warrington and McCarthy, 1983).

Secondly, access patients are strongly affected by the

semantic relatedness of competing responses. In word±

picture matching tasks, they demonstrate greater dif®culty

in correctly identifying a target when it is presented in an

array of items which are semantically close (e.g. trousers,

blouse, dress, jacket) than semantically distant (e.g. teapot,

key, hat, glasses). These semantic relatedness effects have

been observed in several single-case reports of semantic

refractory access disorders (e.g. Warrington and McCarthy,

1983, 1987; Cipolotti and Warrington, 1995; Forde and

Humphreys, 1995). The effects are held to occur when

refractoriness from one item affects neighbours in a categor-

ically organized store of conceptual knowledge. On the basis

of this theory, the occurrence and size of semantic distance

effects are considered to re¯ect the degree of shared neural

circuitry supporting individual conceptual representations.

Examinations of semantic distance effects have concen-

trated mainly on semantic relationships within broad cat-

egories of concrete nouns (e.g. Warrington and Cipolotti,

1996). However, category dissociations have been demon-

strated between comprehension of proper nouns and common

nouns (e.g. Semenza and Zettin, 1988, 1989). The further

fractionation of the semantic knowledge of proper nouns has

Fig. 1 A CT scan of A.Z. showing damage to the left middle cerebral territory.
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been predicted following the observation of dissociations

within the proper noun domain, for instance between patients

who show either a selective impairment or selective preser-

vation of country knowledge (e.g. McKenna and Warrington,

1978; Warrington and Clegg, 1993; Incisa della Rocchetta

et al., 1998). However, only in one case has the semantic

relatedness of proper noun concepts even been contemplated

(McNeil et al., 1994).

Here we report a patient whose semantic refractory access

disorder was harnessed to examine the semantic relatedness

of proper noun concepts. In particular, we demonstrate that

access to knowledge of country and city names was

signi®cantly affected by the real-world geographical prox-

imity of competing targets.

Case report
The patient, A.Z., is a 72-year-old retired housewife. In

January 2002, she was admitted to Northwick Park Hospital

following a left middle cerebral artery stroke. She presented

with a very mild right-sided weakness. Following the

vascular incident, she also developed a severe expressive

dysphasia which was ¯uent and characterized by semantic

and phonemic jargon. There was further evidence of a mild

receptive dysphasia. A CT scan conducted at the time

revealed damage to a large portion of the left middle cerebral

territory, sparing the basal ganglia. The left parietal, temporal

and posterior frontal regions were all affected (see Fig. 1).

Neuropsychological background
The investigations reported here were conducted between

April and November 2002. A.Z.'s naming abilities were

severely compromised. On a category naming test of very

high frequency items, she was able to name only six out of 50

items correctly (McKenna and Warrington, 1978). A.Z. was

also almost completely dyslexic and dysgraphic. She was able

to read correctly only one out of 99 words from the Patterson

and Hodges corpus (Patterson and Hodges, 1992). A.Z.'s

repetition skills were less severely affected, but nonetheless

signi®cantly impaired. She was able to repeat accurately 39

out of 99 of the same words from the Patterson and Hodges

corpus. Auditory lexical decision performance was relatively

preserved (71 out of 80, PALPA 5; Kay et al., 1992). On

formal tests of single spoken word, written word or picture

comprehension, a mild semantic impairment was demon-

strated, as shown in Table 1. In particular, A.Z. showed some

impairment in her comprehension of both verbal and visual

material. With the exception of her poor knowledge of body

part names, A.Z. also showed no indication that her

comprehension de®cit was category-speci®c. However, it

was noted that if spoken word comprehension for an item was

tested several times within a short period of time, A.Z.'s

responses were inconsistent. It was this observation, typical in

a case of access dysphasia, which led to the current

investigations.

Experiment 1: the dynamics of the de®cit
In our preliminary investigations, A.Z.'s responses were

inconsistent when matching spoken words to written words.

This is characteristic of an access de®cit. However, some

access patients have been shown to be sensitive to the

length of the interval between response and the subsequent

stimulus. In order to assess whether A.Z.'s identi®cation

of written words was both inconsistent and sensitive to

temporal factors, she performed a matching task at two

different rates.

Stimuli
The stimuli consisted of four semantically close arrays, each

consisting of the written names of four countries (e.g.

Norway, Finland, Denmark, Sweden). A.Z. was presented

with a spoken word and requested to point to the corres-

ponding written word in the array. Each array was presented

twice, varying the RSI. A.Z. was permitted either a 1 s RSI

(fast condition) or a 10 s RSI (slow condition). Under each

condition, every item in every array was probed four times in

a pseudorandom order. Half the arrays were presented in the

fast then slow conditions, and half vice versa.

Results
A.Z. was able to identify country names signi®cantly more

accurately when given a 10 s pause rather than a 1 s pause

after each response (10 s rate = 54 out of 64, 1 s rate = 38 out

of 64; c2 = 8.70, P < 0.01, df = 1). This result shows that a

portion of the system supporting spoken word±written word

matching for country names becomes refractory with use.

Table 1 Number of correct responses on the formal tests
of single word and picture comprehension

Neuropsychological test Number correct

Single word comprehension
Animals 8/10
Objects 8/10
Countries 7/10
Body parts 4/10
Colours 10/10

Pyramid and Palm Trees Test
Word±word matching 38/52
Picture±picture matching 38/52

British Picture Vocabulary scale
Spoken word 22/32
Written word 21/32
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Experiment 2: the locus of the refractory
disorder
In Experiment 1, A.Z.'s sensitivity to temporal factors

indicated that her de®cit was refractory in nature. However,

although this temporal effect was demonstrated in a task

requiring A.Z. to match spoken words to written words, these

observations alone are insuf®cient to determine the process-

ing stage in which refractoriness builds up. Such a pattern of

performance may re¯ect a refractory de®cit affecting either

the transcoding of phonological (sound form) to orthographic

(written form) information or the comprehension of the word

concept itself. In Experiment 2, we attempted to evaluate

these possible accounts by probing for evidence of semantic

mediation in the spoken word±written word matching task.

Stimuli
The stimuli consisted of the names of nine people (polit-

icians), nine places (countries) and nine product brands

(shops). These were arranged into nine semantically close

arrays of three items in which each item was drawn from the

same broad category (e.g. people: Kennedy, Nixon, Reagan).

The same stimuli were also arranged into nine semantically

distant arrays, in which one item was taken from each of the

three broad categories (e.g. Kennedy, Japan, Sainsburys).

These arrays were probed in an ABBA design. Every stimulus

in every array was probed four times in a pseudorandom order

with a 1 s RSI.

Results
A.Z. made signi®cantly more errors in identifying the target

item from amongst an array of close than distant items

(close = 79/108, distant = 102/108; c2 = 18.0, P < 0.001,

df = 1). If A.Z. was performing this task by phonological±

orthographic transcoding (i.e. matching the sound form to the

word form without recourse to comprehension), one would

not predict any effect of the semantic relationship between

members of each array. However, the clear semantic distance

effect refutes this explanation and indicates that A.Z.'s de®cit

lies at the level of semantic processing. These results also

suggest that the broad categories of proper nouns have

semantic representations which are at least partially separ-

able. This is consistent with previous ®ndings of dissociations

between knowledge of people and places, and extends

published work by predicting that product brand names

constitute a further dissociable category.

Experiment 3: in¯uence of geographical
proximity on knowledge of country names
In Experiment 2, we demonstrated that the semantic related-

ness of competing responses has a signi®cant effect on

response accuracy. On that occasion, classi®cation into

semantically close and distant arrays was based on differ-

ences between broad categories of proper nouns (people,

places, brand names). In Experiment 3, we explored whether

semantic distance effects may also be observed within such

categories of proper nouns.

Stimuli
For Experiment 3, the stimuli were the same set of country

names used in Experiment 1. These were arranged into four

semantically close arrays of four items in which each item

was located in the same geographical region (e.g. Western

Europe: Spain, France, Holland, Germany). The identical

stimuli were also arranged into four semantically distant

arrays, in which one item was taken from each of the four

geographical regions (e.g. Spain, India, Brazil, Norway).

Semantic groupings were determined a priori with reference

to maps of the regions in question. The names in the arrays

did not show any substantial difference in the degree of

phonological or orthographic similarity. The arrays were

probed in an ABBA design, with each stimulus presented four

times using a 1 s RSI.

Results
The percentage correct responses with close and distant

arrays are shown in Fig. 2. A.Z. identi®ed target countries

signi®cantly more accurately from among unrelated (distant)

than related (close) country names (close = 82/128,

distant = 103/128, c2 = 7.80, P < 0.01, df = 1). The clear

semantic distance effect indicates that country concepts do

not have equivalent representations. Geographical proximity

was the only factor which determined group membership. As

semantic distance effects are held to re¯ect shared neural

representations between concepts, this real-world proximity

may be one principle underlying the organization of country

concepts in the brain.

Fig. 2 Semantic distance effects: the percentage of target items
correctly identi®ed in the close and distant arrays of countries,
international cities and UK cities (Experiments 3 and 4).
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Experiment 4: in¯uence of geographical
proximity on knowledge of international and
UK city names
The ®ndings of Experiment 3 indicated that real-world

location may predict the refractoriness which builds up when

our semantic refractory patient has to identify place names

repetitively. In order to verify this notion, we examined the

in¯uence of geographical proximity on A.Z.'s processing of

two other place concepts, namely international city names

and UK city names.

Stimuli
Two stimulus sets were used. Set 4a consisted of four

international cities from each of Italy, America, India and

England which were arranged into four geographically close

arrays (e.g. Rome, Milan, Venice, Florence) and four

geographically distant arrays (e.g. Rome, Miami, Calcutta,

Leeds). Set 4b included four cities from each of Scotland,

Ireland, Wales and England which were arranged into close

(e.g. Edinburgh, Glasgow, Aberdeen, Inverness) and distant

(e.g. Edinburgh, Dublin, Swansea, Newcastle) semantic

arrays. Set 4a and 4b arrays were presented as separate

experiments in an ABBA design.

Results
The percentage correct responses with close and distant

arrays are shown in Fig. 2. A.Z. experienced greater

dif®culties identifying target cities from among the names

of other cities from the same country than from an

international selection of cities (close = 43/64, distant = 54/

64, c2 = 4.26, P < 0.05, df = 1). Similarly, recognition of

English, Scottish, Welsh and Irish cities was signi®cantly

worse when identifying targets from among the names of

cities from the same country than from different countries

(close = 38/64, distant = 50/64, c2 = 4.4, P < 0.05, df = 1).

These results demonstrate that the semantic distance effect

found in Experiment 3 is not speci®c to country names per se.

Semantic level representations of city names may also be

strongly in¯uenced by their real-world location relative to

one another.

Experiment 5: in¯uence of geographical
proximity on knowledge of English city names
In the experiments involving international cities and even UK

cities, the close and distant semantic arrays differed according

to whether or not the constituent members were located in the

same well-de®ned countries. The design of a further experi-

ment removed this division by including only the names of

English cities.

Stimuli
For this task, semantic groupings were formed purely on the

basis of geographical proximity (i.e. cities from the north,

south, east and west of England; see Fig. 3A). Sixteen cities

were arranged into close (e.g. Brighton, Southampton,

Fig. 3 (A) A map of England illustrating the geographical
proximity of the cities used to form the close and distant arrays
(Experiment 5). (B) A map of the USA illustrating the
geographical proximity of the states used to form the close and
distant arrays (Experiment 6). (C) Semantic distance effects: the
percentage of target items correctly identi®ed in the English cities
and US states geographical proximity experiments.
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Eastbourne, Portsmouth) and distant (e.g. Brighton, Norwich,

Manchester, Plymouth) semantic arrays. Arrays were pre-

sented in an ABBA design.

Results
The percentage correct responses for the close and distant

arrays of English cities are shown in Fig. 3C. A.Z.'s

performance was signi®cantly worse when the city names

were arranged in geographically close than distant arrays

(close = 41/64, distant = 53/64, c2 = 4.85, P < 0.05, df = 1).

These results demonstrate that the semantic distance effects

observed re¯ect the actual geographical proximity between

competing responses and not merely superordinate category

membership. Indeed, the cities used in Experiment 5 crossed

county boundaries and perhaps are not traditionally recog-

nized as members of a particular region.

Experiment 6: in¯uence of geographical
proximity on knowledge of US state names
The signi®cant semantic distance effects recorded in previous

experiments would suggest that A.Z. has knowledge of the

location of the countries and cities being probed. If this

analysis is correct, one would predict that semantic distance

effects would not be observed for places which are merely

familiar names but about which less is known. In order to test

this hypothesis, an American equivalent of the English cities

task was devised. On this occasion, the names of US states

were probed using arrays generated on the basis of actual

geographical position.

Stimuli
A.Z. was requested to identify the names of US states,

grouped using geographical principles similar to those used

for the English cities (see Fig. 3B). The stimuli consisted of

16 states, four each from the north, east, southeast and south.

These names were arranged into four geographically close

arrays (e.g. Wisconsin, Michigan, Illinois, Indiana) and four

geographically distant arrays (e.g. Wisconsin, Georgia,

Oklahoma, Kentucky). Arrays were presented in an ABBA

design.

Results
The percentage correct responses for the close and distant

arrays of US states are shown in Fig. 3C. For these less

familiar place names, A.Z. showed no sensitivity to their real-

world geographical proximity (close = 50/64, distant = 50/64;

c2 = 0, P = 1, df = 1). It should be noted that A.Z. recognized

all the US state names, but said that she had not visited the

country and was unsure of their exact locations. These

®ndings support the notion that the concept of a place must be

suf®ciently well-speci®ed for its real-world location to have a

signi®cant in¯uence on accessing that concept.

Error analyses
In all of the geographical distance experiments, each stimulus

was probed four times. An item-speci®c analysis to determine

on which probe each error occurred was conducted. The

percentage error rate on probes 1±4 for the countries,

international cities, UK cities, English cities and US states

experiments (Experiments 3±6) are shown in Fig. 4. c2 tests

revealed a signi®cant difference in the number of errors

Fig. 4 Serial position effects: the percentage error rate produced following each of the four presentations of array items in the semantic
distance experiments (Experiments 3±6). The error rate re¯ects performance on close and distant arrays combined.

1826 S. J. Crutch and E. K. Warrington



occurring between probes for all experiments (countries:

c2 = 9.57, P < 0.05; international cities: c2 = 16.81, P = 0.001;

UK cities: c2 = 16.58, P = 0.001; English cities: c2 = 9.45,

P < 0.05; US States: c2 = 9.14, P < 0.05; df = 3 for all tests). In

all cases, the number of errors increased with each successive

probe. This clearly demonstrates the build-up of refractori-

ness in the semantic system.

Discussion
The focus of this study is the information processing

structures within the proper noun category of place name

knowledge. We report the case of a patient whose compre-

hension of proper nouns was shown to be not only inconsist-

ent but also signi®cantly affected by temporal factors

(Experiment 1). Thus, in the context of a refractory rather

than a storage de®cit, the ability of this patient, A.Z., to

identify place names was explored. The results described here

provide the ®rst detailed evidence of more ®ne-grain

organization within this domain of conceptual knowledge.

Semantic relatedness was manipulated using two array

conditions. So-called close semantic arrays contained items

from the same category or grouping. Distant semantic arrays

were formed by drawing one item from each different

category or grouping. Constructing arrays in this manner also

provides an ideal method of controlling for variables such as

word frequency and age of acquisition, as the items probed in

each condition are identical. At the coarsest level, A.Z. had

greater dif®culty identifying proper nouns when the items in

an array were drawn from the same category (e.g. three place

names) than from several categories (e.g. one place, one

person, one brand name; Experiment 2). This semantic

mediation provided evidence that A.Z.'s refractory de®cit

affected central semantic representations rather than some

more peripheral transcoding process.

Close and distant semantic effects in individuals with a

refractory de®cit imply that the activation of a representation

causes a build-up of refractoriness which also has an effect on

the subsequent activation of other representations which are

partially supported by the same neural structure. On this

basis, the presence of a distance effect may be taken to re¯ect

the structure of the cognitive system underlying performance

of the task in question. This notion dictates that at the most

crude level, a patient will not be able to show a distance effect

if they are not sensitive to the closeness or separation of

individual test items. In this vein, categorical distance effects

are just as informative as categorical de®cit effects in

shedding light on the organization of conceptual space. The

®ndings reported here lend further weight to the notion that

the study of not only storage but also refractory de®cits may

contribute signi®cantly to our understanding of the brain

mechanisms underlying cognition.

A number of close and distant effects were found in the

experiments reported here. In Experiment 3, A.Z. was shown

to have more dif®culty identifying country names accurately

when they were arranged in an array with geographically

close countries than with geographically distant countries. A

serial position analysis revealed that on this task and others,

A.Z. made very few if any errors when identifying items for

the ®rst time. Only on subsequent probes were errors

observed. This suggests that A.Z. knew, and by extension

had an intact representation of, each item.

A.Z.'s greater dif®culty with identifying place names from

among arrays of proximal rather than distal place names was

replicated in Experiment 4. Using city names rather than

country names, signi®cant close and distant effects were

demonstrated for both international cities and UK cities.

Given that all the city names in each close array were drawn

from the same country, these effects may re¯ect the

organization of geographical place name knowledge accord-

ing to regional superordinates, in this case country member-

ship. However, the nature of the superordinates supporting

both country names and city names is unclear. Are these

concepts associated with verbal superordinates, spatial

superordinates or more general geographical superordinates?

Taking `America' and England' as examples, it is commonly

known that these names refer to unique countries with

different populations, cultures and traditions. Central to our

understanding though is that these countries have distinct

locations, i.e. America is ~3000 miles due west of England.

Although the concept of `west' possesses a verbal label, it is

meaningless without reference to a spatial framework or map.

Thus, it seems likely that country and city names are

supported by knowledge which is encoded in both verbal and

spatial terms. As they refer to places, albeit on a larger scale,

superordinates such as continent membership may also be

encoded in similar terms.

Much stronger evidence for the role of spatial information

in knowledge of places can be drawn from the results of

Experiment 5, in which A.Z. demonstrated a signi®cant

distance effect in her identi®cation of English city names.

Unlike the experiments probing comprehension of country,

international city and UK city names, the close and distant

effect observed with English cities cannot be so readily

explained in terms of the availability of superordinate

information. In identifying English city names, A.Z. had

greatest dif®culty distinguishing between cities which were

regionally close to one another. This was despite the fact that

no formal classi®cations or boundaries, such as the county in

which each city was located, could be used to de®ne

membership of the close or distant arrays. Indeed, the arrays

were formed purely on the basis of their spatial location, i.e.

cities from the north, south, east, west. As mentioned

previously, these are predominantly spatial concepts, de®ned

only to a lesser degree by common characteristics (e.g.

seaside town, industrial city). Moreover, it would appear that

the abstract concept of semantic relatedness (`close'/`dis-

tant') has a literal realization in Experiment 5.

How does spatial information in¯uence spoken word±

written word matching performance? It is widely held that

information about concrete and abstract concepts (e.g.

objects, emotions) is stored in the form of either a verbal

Geographical proximity 1827



code, a visual code or both. However, it is dif®cult to see how

geographical information could have a strong in¯uence on the

comprehension of place names if knowledge of those words

was based solely on one of these codes. Thus, in this instance,

it would be reasonable to invoke a spatial code or framework.

Such coding might take the form of individual topographical

representations of well-known places, accessed either directly

or by reference to a larger topologically delimited represen-

tation.

That place knowledge is based on a distinct spatial code or

framework would be entirely consistent with the highly

selective preservations of knowledge about countries (e.g.

McKenna and Warrington, 1978; Warrington and Clegg,

1993). It is particularly striking that such individuals can

demonstrate virtually no verbal knowledge and yet still

remain able not only to comprehend but also to produce

country names accurately. Taken together with the present

®ndings, these cases indicate that there is something unique

about this class of knowledge. Indeed it may be that the type

of spatial framework described here represents a speci®c

module within conceptual knowledge.

Some clari®cation of the mechanism by which such a

spatial framework would be developed comes from compar-

ing and contrasting the ®ndings of the English city and US

state names experiments. In Experiment 6, no distance effect

was observed in A.Z.'s identi®cation of proximal or distal US

state names. Her response accuracy was equivalent whether

attempting to identify state names from among close or

distant arrays, even though the names were organized

following the same spatial principles as for the English

cities. It seems to be the case that A.Z.'s representations of

US state names were not as greatly enriched by a spatial

framework as the English city representations. Her near

faultless performance on items when probed for the ®rst time

indicates the intactness of these place name representations.

Also, by her own admission, the US state names were familiar

to her but she did not know where in America they were

located. In this sense, A.Z. possesses only `partial knowledge'

of these place names.

Overall, it appears that when acquiring knowledge about

place names, we develop semantic representations of many

different places, in the sense that the names become familiar

and enter our vocabulary. All such place names are based on a

combination of verbal, visual and spatial information.

Although it is an empirical question, we would speculate

that of these contributions, spatial information has primacy in

the acquisition of individual place concepts. However, a

detailed spatial framework is not developed for all geograph-

ical regions. The availability of such information is largely

dependent on education (e.g. book learning of maps) and to a

lesser extent personal experience (e.g. perceived distance

when travelling between two locations). Consequently, we

would predict that a similar refractory disorder in an

American patient would produce a converse pattern of

performance on the current English and US geographical

proximity experiments. In this context, the study of our

understanding of proper nouns provides an opportunity to

explore the interface between personal and culturally univer-

sal semantic knowledge. For those portions of semantic

knowledge which are complemented by enhanced spatial

information, the spatial framework in turn has consequences

for the central organization of conceptual knowledge in the

broadest sense. Thus, in the further development and

speci®cation of some place concepts, it appears that actual

geographical location and proximity are important organ-

izational principles.

In conclusion, the present investigations highlight a

number of ways in which studying dynamic refractory

de®cits in addition to static storage de®cits can expand our

understanding of the nature of conceptual knowledge. First,

theoretical accounts of the categorical organization of

conceptual knowledge must be extended to incorporate the

divisions within the proper noun ®elds described here.

Secondly, the study of proper names in particular may aid

us in elucidating the interaction between personal experience

and commonly shared conceptual knowledge. Thirdly, a

spatial code may be of primary importance in the develop-

ment of place concepts.
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