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A. General Introduction
"
['etat pathologique ne differe point radicalement de ['etat
physiologique, ['egard duquel if ne suarait constituer, sous un aspect
quelconque, qu'un simple prolongement plus ou moins etendu des limites de
variation, soit superieures, soit in/erieures, propres chaque phenomene
de ['organisme normal, sans pouvoir jamais produire de phenomenes
vraiment nouveaux, qui n'auraient point, un certain degre, leurs analogues
purement physiologiques. Par une suite necessaire de ce principe, la notion
exacte et rationnelle de ['etat physiologique doit donc /ournir, sans doute,
l'indespensable point de depart de toute saine theorie pathologique,· mais
if en resulte, d'une maniere non moins evidente, que, reciproquement,
['exam en scienti/ique des phenomenes pathologiques est eminemment
propre per/ectionner les etudes uniquement relatives ['etat normal. Un
tel mode d'experimentation, quoique indirect. est, en general, mieux
la vraie nature des phenomenes biologiques."
adapte qu'aucun autre
(Comte, 1838; pg 696).

a

a

a

a

a

a

The principle that an unde.rstanding of physiology can be based on the
analysis of pathological states, and that, vice versa, an understanding of
pathology cannot proceed without a clear formulation of the structure on
normal physiological states formed the basis for the development of
experimental medicine in France in the first half of the 19th century, and
for the development of neuropsychology in the second half of the 19th
century. The first clear formulations of the functional organization of the
brain by Broca, Wernicke, and Jackson were based on the application of
these principles. They can still be usefully applied today to investigate the
structure of the mind/brain (and its pathologies): The analysis of the
disorders of perception, cognition, and language that result from brain
damage continues to provide one of the most useful windows into the
organization and structure of perceptual, cognitive, and linguistic
processes. The papers collected in this volume are in this tradition.
In this collection of papers written with my collaborators over the past
several years, we addressed questions about the structure of lexical
processing through the analysis of various forms of acquired disorders of
language. In each case we asked the question: What must the structure of
the normal language processing system be like so that when damaged in a
particular way it leads to the observed form of lexical processing
impairment in a patient? The answer to this question for anyone patient
consists of two parts.
One part specifies the structure of the
cognitive/linguistic system that is assumed to underlie normal language
processing. The other part specifies a hypothesis about the type of
I
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transformation--functionallesion--that the normal processing system has
undergone as a consequence of brain damage. Thus, the explication of any
form of cognitive pathology necessarily constitutes a claim about the
nature of normal cognitive processing: In the extent to which it is possible
to account for an observed pattern of cognitive dysfunction by
hypothesizing a particular form of transformation to one but not another
theory of normal cognitive processing, we can take that performance as
support for the theory of normal cognitive function which when "lesioned"
produces the observed form of pathology. In this way, cognitive
pathology provides an important data base for evaluating and developing
theories of normal cognitive processing.
In order to be able to use impaired performance in brain-damaged
subjects to constrain claims about normal cognitive mechanisms we must
assume that such performance bears a transparent relation to normal
cognitive processes (Caramazza, 1986). The assumption of a transparent
relation between impaired performance and theory of normal cognitive
processing is, in fundamental respects, the same as the one that motivates
the use of experimental observations of any sort to evaluate theories of
cognitive processing. In the latter case, too, it is assumed that the
manipulations introduced in an experiment by the investigator lead to
results that bear a transparent relation to the functioning of a canonical
cognitive system which underlies all performance. The only difference
between the two cases is that in the laboratory situation the experimental
manipulation is introduced by the experimenter, whereas in the case of
pathology the manipulation is introduced by nature. Thus, we can think
of the performance of a brain-damaged patient as the result of an
"experiment of nature," but an experiment nonetheless. However, unlike
laboratory experiments where experimental conditions are under the
control of the experimenter, in experiments of nature the manipulations
introduced by nature--the functional lesions--are unknown and must be
inferred from the performance of the patient. As a consequence,
inferences about normal cognition from the performance of braindamaged subject are necessarily mediated by hypotheses about the nature
of the unknown functional lesion introduced by nature. This difference
between experiments of nature and laboratory experiments has important
methodological consequences which if not properly appreciated can render
the study of brain-damaged subjects a useless enterprise.
The most important consequence is that the significant event for analysis
in experiments of nature is the "single brain-damaged subject." The
reason for this conclusion is straightforward. The interpretation of results
in experiments are necessarily mediated by assumptions about the effects
of the experimental conditions under which observations are made. Two
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sets of observations made under different experimental conditions cannot
be treated as equivalent. Thus, the significant event for analysis is "the
individual experiment"--a set of observations made under specifiable
experimental conditions. This constraint on the interpretation of results
applies both to laboratory experiments and to experiments of nature.
Since the experimental conditions introduced by nature in its experiments
--brain-damaged subjects--are unknown, we are not licensed to treat such
experiments as equivalent and, therefore, must begin with the presumption
that each brain-damaged subject constitutes a different experiment. The
implication is that valid inferences about the structure of cognitive
processes from the performance of brain-damaged subjects are only
possible for single-patient studies (see Caramazza, 1986, for detailed
discussion).
The papers in this volume strictly adhere to this
methodological imperative.
Another overarching feature of the papers in this volume is the explicit
commitment to a "computational" approach to the study of cognitive/
linguistic mechanisms--an approach that attempts to specify both the
overall functional architecture of a cognitive system and the
representations that are computed at each stage of a cognitive process.
The core assumption in this theoretical framework is that we can think of
a cognitive process (e.g., comprehending a sentence, spelling a word, and
so forth) as a series of transformations of mental representations. In this
framework, the assumption is generally made that cognitive mechanisms
may be distinguished in terms of whether their functional burden is to
compute a representation from some input or whether their function is
merely that of temporarily holding a representation for further processing.
An example of the former type of processing component is the phonology
to orthography conversion mechanism which, in the course of spelling
unfamiliar words, is hypothesized to compute a graphemic representation
--a set of abstract letter identities--from a phonological representation
(Beauvois & Derouesne, 1981; Goodman & Caramazza, 1986). The other
type of processing components are working memory systems. A working
memory system is hypothesized at those junctures in the cognitive
architecture where the unit of representation of the output of one
component is incommensurate with the unit of representation of a
subsequent component (Caramazza, Miceli, & Villa, 1986). Thus, for
example, since the output of the orthographic output lexicon consists of
morpheme- or word-sized graphemic representations (usually several
graphemes) whereas the input to the allographic conversion mechanism
consists of single graphemes, we must hypothesize the existence of a
working memory system (the graphemic buffer) which temporarily holds
the graphemic string computed by the orthographic output lexicon while
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the allographic conversion mechanism sequentially processes the
graphemes that comprise the lexical string (Caramazza, Miceli, Villa, &
Romani, 1987; Ellis, 1982; Wing & Baddeley, 1980).
A further theoretical distinction among processing components is based
on the type of representation computed by a hypothesized mechanism in
the system. Thus, for example, the cognitive mechanism referred to as
"orthographic output lexicon"--the stored knowledge of the graphemic
structure of words--is distinguished from other mechanisms principally
on the basis of the type of representation it takes as input (semantic) and
the type of representation it computes for output (graphemic). These
considerations serve to motivate the functional architecture of a cognitive
system--the set of cognitive processes that are engaged in the execution
of a task. An example of such a functional architecture is the one
schematically represented in Figure 1 for the spelling process.
Auditory IDP'Uft

~
Auditory/phonetic

Phonological Input

Phonologica.l
Output Lexicon

Phonological Buffer

Phoneme-to-Grapheme
COD version Mechanism

LeUer N .. me
ConversioD
Mecha.nism

Allographic
Conversion
Mecha.nism

oral spelling

written spelling

Figure 1. Schematic diagram of the spelling process.
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Inferring the structure of normal cognition from oathology: The case of
soelling
The model of spelling summarized in Figure 1 is not only the result of
considerations such as those above, but, and more importantly, the result
of the effort to explicate the patterns of spelling impairments found in
brain-damaged subjects. The differential disruption of spelling for
different types of stimuli or tasks (e.g., impaired performance in spelling
familiar words in the face of spared ability to spell nonwords, or impaired
performance in written but not oral spelling) has been interpreted as
support for the hypothesized functional architecture of the spelling
process. For example, the dissociation in overall accuracy in spelling
familiar and unfamiliar words (the latter operationally represented by
nonwords)--impaired performance in spelling nonwords in the face of
normal performance with words in some brain-damaged subjects, and the
reverse pattern of performance in other brain -damaged sub jects-- has been
used to argue for a distinction between lexical and nonlexical procedures
in spelling. Various dysgraphic patterns have been recorded which would
seem to be explicable by assuming damage to one or another of the
following components of the spelling process: the allographic conversion
mechanism (Goodman & Caramazza, 1986b; Kinsbourne & Rosenfield,
1974), the graphemic output lexicon (Baxter & Warrington, 1987; Beauvois
& Derouesne, 1981; Goodman & Caramazza, 1986a; Patterson, 1987;
Sanders & Caramazza, 1990), the phoneme-grapheme conversion
mechanism (Bub & Kertesz, 1982; Roeltgen, Sevush, & Heilman, 1983;
Shallice, 1981), the phonological output buffer (Bub, Black, Howell, &
Kertesz, 1987; Caramazza, Miceli, & Villa, 1986), and the graphemic
output buffer (Caramazza, Miceli, Villa, & Romani, 1987; Hillis &
Caramazza, 1989; Miceli, Silveri & Caramazza, 1985; Posteraro, Zinelli, &
Mazzucchi, 1988). It would seem, then, that there is considerable support
for the principal components of the proposed functional architecture of
the spelling process (see Ellis, 1988; Margolin, 1984, for discussion of
more peripheral mechanisms in spelling).
Cognitive models of the type schematically represented in Figure 1 have,
not without some justification, been derided by those who find the effort
to articulate the functional architecture of a cognitive system--the
"boxology" of information processing models--too general and unspecific
to serve the desired explanatory function (e.g.,. Seidenberg, 1988).
Furthermore, there are those who believe that cognitive neuropsychology
can do no more than address general issues about the functional
architecture of cognitive systems--that neuropsychological evidence (as
well as certain types of experimental results with normal subjects) "relates
to the overall organization of subsystems rather than to the details of their
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operation" (Shallice, 1988, p. 24). Taking these two claims together, it
would seem that cognitive neuropsychology not only has failed to
contribute significantly to our current understanding of normal cognition
(Seidenberg), but it could not be otherwise given the intrinsic limitations
of the evidence used in this area of investigation (Shallice). However, I
believe that this indictment and the pessimism about the prospects of
cognitive neuropsychology's contribution to the development of detailed
theories of normal cognitive functioning is unjustified. Consider in this
context the case of the spelling process.
Although it is true that research on different forms of dysgraphia has
mostly, but not entirely (e.g., see Caramazza & Miceli, in press), been
concerned with charting the overall configuration of the component
processes that comprise the spelling system, this objective is far from
unimportant or trivial. The point here is that specifying an empirically
defensible functional architecture of the spelling process is an integral part
of the development of a nontrivial theory of the process. This is
necessarily true if one adopts the view that even the simplest spelling
performance involves the concerted activity of a number of independent
processing mechanisms. For example, something as "simple" as the
spelling-to-dictation of single words involves sensory and perceptual
processing mechanisms, attentional mechanisms, various sorts of lexical
knowledge (phonological, semantic, and orthographic), working memory
components, and motor mechanisms. Furthermore, a theory of the
functional architecture of a cognitive process implicitly constrains theories
of the processing structure of the components that comprise the system.
To illustrate this claim consider the contrast between models that assume
that familiar and unfamiliar words are spelled through distinct lexical and
nonlexical processing components, respectively, and those models that
assume that familiar and unfamiliar words are processed through a single
processing component. The processing structure of those components that
produce orthographic representations for spelling in the two types ,of
functional architectures are obviously different. For the class of
functional architectures that distinguish between lexical and nonlexical
processing, spelling familiar words involves the activation of semantic
representations which serve as the input to a process that specifies
particular lexical-orthographic representations, whereas spelling
unfamiliar words involves converting phonological strings into graphemic
representations through a set of sub-morphemic, phonology-toorthography mapping rules. For the class of functional architectures that
hypothesize a common mechanism for spelling familiar and unfamiliar
words, the computations performed by this component involve converting
phonological strings into orthographic representations through a lexically-
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based, non-semantic procedure (e.g., Campbell, 1983). It is quite obvious
that decisions about the functional architecture of the spelling process
have highly specific consequences for the computational structure of its
component parts.
To this point I have argued that important evidence for the functional
architecture of the spelling system schematically represented in Figure I
has been provided by the analysis of the acquired dysgraphias: There are
various dysgraphic patterns which are all explicable by hypothesizing some
(local or restricted) transformation or other of the proposed functional
architecture. l However, the reasoning that has motivated the use of
dysgraphic performance to constrain hypotheses about the structure of the
normal spelling process is indifferent to the level of theoretical detail that
may be supported by such observations. That is, there is no reason for
supposing that the motivation for using the analysis of acquired dysgraphia
to chart the functional architecture of the spelling process should not
apply equally to the case of the analysis of dysgraphic patterns to inform
detailed hypotheses about the representations computed in the course of
spelling, or to inform detailed hypotheses about the processing structure

lOne criticism that has been raised against the effort to explicate
various patterns of impaired performance by reference to functional
lesions to one or more components of a cognitive system is that this type
of analysis too easily lends itself to the unprincipled proliferation of
processing components. There is the temptation, it is argued, to explain
problematic new patterns of impaired performance by hypothesizing a
"new box" in the cognitive system. This criticism is not altogether
unjustified for a sizeable proportion of current. neuropsychological
research (see Rapp & Caramazza, in press, for discussion). However, this
limitation of current practice is not beyond repair. Although it may be
easy to "explain" the performance of a single patient (or single experiment)
by postulating still another distinction in a complex functional
architecture, it is much more difficult to account for the diverse patterns
of impairment indifferent patients by postulating still further distinctions
in a cognitive system. This expectation is motivated by the fact that we
are held to having to explain not only the results of the patient whose
performance motivated the new distinction, but also the results of !ill.
patients whose performance is relevant to a particular cognitive system.
Consequently, although the postulation of an arbitrary new distinction may
account for the performance of a particular patient it will ultimately
conflict with the performance of patients whose performance is relevant
to the cognitive processes where the arbitrary distinction was drawn.
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of individual components of the system. And, if inferences about the
functional architecture of the spelling process from the analysis of
dysgraphic performance are, in principle, legitimate, they should be no
less so when they concern the structure of representations computed in the
course of spelling, or the processing structure of specific components of
the system. Consider in this context the case of a dysgraphic subject
whose performance suggests a functional lesion at the level of the
graphemic buffer.
The function of the graphemic buffer is to hold temporarily the
orthographic representations computed by the lexical or non-lexical
components for subsequent, more peripheral spelling processes (e.g.,
allographic conversion). Damage at this level of the system has farreaching but highly specific consequences for spelling performance: 1)
spelling should be impaired in all tasks and for all·types of stimuli; 2)
spelling performance should be quantitatively the same across modalities
of input (e.g., writing-to-dictation vs written naming) or output (e.g., oral
vs written spelling), and across types of stimuli matched for length (e.g.,
words of different grammatical class or familiar vs unfamiliar words); 3)
the same types of errors should be produced across all spelling tasks and
for all types of stimuli; and, 4) since the type of representation involved
at the level of the hypothesized deficit is orthographic in nature, errors
should be explicable by appeal to strictly orthographic (and not lexical,
semantic, or phonological) principles. These expectations about the
consequences of damage to the graphemic buffer follow directly from the
type of functional architecture that has been assumed for the spelling
process. The reason for expecting that spelling should be impaired in all
tasks and in equivalent extents is because in the proposed functional
architecture the graphemic buffer is implicated in all spelling tasks (see
Figure 1). (By contrast, damage to any other (single) component of the
spelling system should result in a dissociation in performance between
spelling tasks or types of stimuli; for example, damage to the allographic
conversion mechanism should result in impaired writing performance in
the context of spared ability to spell orally; damage to the orthographic
output lexicon should result in impaired spelling of familiar words
(primarily those that are orthographically irregular) in the context of
spared ability to spell nonwords; and so forth.) Similarly, the reason for
expecting that lexical, semantic, or phonological factors should not affect
spelling performance in subjects with selective damage to the graphemic
buffer is that the representations processed at the level of this component
consist of orthographic representations. Since, by hypothesis, the
information stored in the graphemic buffer consists of orthographic
representations, damage to this component of the system should result in
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the loss of orthographic information and, consequently, should lead to
errors characterized by orthographic deviations from the target response
--errors should be explicable by appeal to strictly orthographic principles.
A dysgraphic subject whose spelling performance satisfies conditions (1-4)
may be assumed to have a selective deficit at the level of the graphemic
buffer--that is, the existence of such a pattern of performance (in the
context of other patterns of spelling impairment) may be taken as support
for a functional architecture of the spelling process that includes the
hypothesized graphemic buffer as one of its components (see Caramazza
et ai., 1987, for detailed discussion).
Loosely speaking, there are two aspects of a dysgraphic subject's
performance that are relevant to determining the locus of damage to the
spelling process: Performance levels across tasks or stimulus types (items
(1-3), above) and the types of errors produced in various tasks (item (4),
above). 2 Thus, while the analysis of the dissociation or association of
spelling impairments may serve to identify in broad terms the locus of
damage in the functional architecture of the spelling process, it is the
detailed analysis of error types that provides the crucial evidence
regarding the nature of the representations that are computed at some
stage of the spelling process--it is the fact that the spelling errors
produced by a subject with putative damage to the graphemic buffer are
presumably explicable by appeal to orthographic principles that warrants
the conclusion that damage is at a level that involves processing of
orthographic representations. S And, since the nature and distribution of

2The distinction drawn here between two aspects of a patient's
performance is an artificial one that does not have theoretical motivation.
It is mentioned only for expository purposes: The distinction between
performance levels across tasks or stimuli and types of errors serves to
illustrate the importance of error analysis in drawing inferences about the
structure of mental representations from the analysis of impaired
performance. There is no principled basis for an a priori distinction
between types of performance for informing and constraining cognitive
theory. What counts as relevant evidence cannot be decided independently
of the theories we are willing to entertain.
STo illustrate this claim consider the case where a patient's spelling
performance satisfied conditions (1-3) above--that is, the patient had
quantitatively and qualitatively similar spelling difficulties in all spelling
tasks and for all types of stimuli. Suppose further, however, that the
patient's errors all involved substitutions of letters (or spelling units) with

10

A. Caramazza

errors are, by hypothesis, constrained by the structure of the
representations processed at the level where the system is damaged, the
detailed analysis of errors in subjects with putative damage to the
graphemic buffer can serve to inform hypotheses about the structure of
the orthographic representations that are processed at that level of the
spelling system. In other words, the analysis of acquired cognitive
disorders may be used not only to constrain theoretical claims about the
functional architecture of a complex system such as spelling, but also to
constrain detailed claims about the structure of cognitive representations
(see Caramazza & Miceli, 1989; in press).
Overview of the volume
The papers collected in this volume are organized into four sections. The
paper in Section I serves as a general introduction to cognitive
neuropsychology. It is a review chapter that first appeared in the Annual
Review 0/ Neuropsychology (1988). Although the principal focus of the
paper is to review results on disorders of lexical processing, I also briefly
discuss the scope of cognitive neuropsychology as well as matters of
methodology. Sections 2, 3, and 4 collect papers on disorders of reading,
writing, and speaking, respectively. Each of the latter three Sections is
preceded by an introduction which briefly summarizes current views on
these topics, including the work of my colleagues and myself.
Although I appear as the sole author of the volume, the work reprinted
here is the result of collaboration with a group of colleagues. Most of the
papers were written together with Gabriele Miceli from the Clinica
Neurologica, Universita Cattolica, Roma, with whom I have been
collaborating since 1983. Without Gabriele's immense clinical knowledge
and deep insight into the nature of clinical phenomena none of these
papers would have been written. The remaining papers were written with
Bill Badecker, Roberta Goodman-Schulman, Argye Hillis, and Brenda
Rapp from the Cognitive Neuropsychology Laboratory, The Johns
Hopkins University. In this case, too, I am indebted to my collaborators
for sharing with me their experimental and clinical knowledge. I am

phonologically related letters or letter clusters such as favor --> yavor, date
--> dau.e, match u> madge, and so forth. Since in this hypothetical case
the impairment seems to involve phonological and not orthographic
representations we cannot conclude that damage is at the level of the
graphemic buffer. Clearly, the nature of errors plays a crucial role in
constraining hypotheses about the structure of cognitive systems.
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indeed fortunate to have colleagues such as Gabriele, Bill, Bobbi, Argye,
and Brenda--I have learned much from them, both about neuropsychology
and about friendship. I am also grateful to the other collaborators on these
papers, Alessandro Laudanna, Cristina Romani, Caterina Silveri, and
Giampiero Villa, for their contribution to the papers reprinted in this
volume. To all my co-authors in the papers collected in this volume I am
indebted for allowing me to reprint our joint work under my name. I
would like to thank Helen Reilly and Kathy Yantis for typing and
organizing the materials for this volume.
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