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ments in a patient recovering from optic atakleuropsycholo- over a smaller range, approximately five to six letters; fur-

gia 29: 803-809. _ o ther from fixation only letter shape and length are perceived
Jeannerod, M. (1988]he Neural and Behavioural Organization  (pollatsek and Rayner 1990).

of Goal-Directed Movement®xford: Oxford University Press. A long-standing issue for reading researchers and educa-

Jeannerod M., M. A. Arbib, G. Rizzolatti, and H. Sakata. (1995). tor

Grasping objects: The cortical mechanisms of visuomotor .. . . . i
transformationTrends in Neurosciencds: 314-320. first computing a phonological representation (SeeNOL:

Livingstone, M. S., and D. H. Hubel. (1988). Segregation of form, ©GY)- Using visual information might seem to be more effi-
color, movement, and depth: Anatomy, physiology, and percep- Cient because it involves a direct mapping from spelling to
tion. Science240: 740-749. meaning; using phonology (translating from orthography to

Milner, A. D., D. I. Perrett, R. S. Johnston, P. J. Benson, T. R. Jor-phonology to meaning) involves an extra step. However, a
dan, D. W. Heeley, D. Bettucci, F. Mortara, R. Mutani, E. Ter- compelling body of research suggests that skilled readers
azzi, and D. L. W. Davidson. (1991). Perception and action in compute phonological information as part of the recognition
visual form agnosieBrain 114: 405-428. process (e.g., Van Orden 1987). Studies of learning to read

Mountcastle, V. B., J. C. Lynch, A. Georgopoulos, H. Sakata, and haye also highlighted the important role of phonological
C. Acuna. (1975). Posterior parietal association cortex of the information (Wagner and Torgesen 1987). The quality of

gwc)%r;ITes)Sagg]rgll;\:r?;dofflﬁ;l%r;sh;girol(z)%ggtg);f_;v&g|n extraper- prereading children’s knowledge of the structure of spoken

Mountcastle, V. B., B. C. Motter, M. A. Steinmetz, and C. J. Duffy. language is a good predictor of later reading skill; children
(1984). Looking and seeing: The visual functions of the parietal Who are good readers are better able to translate from spell-

lobe. In G. Edelman, W. E. Gall, and W. M. Cowan, Eds., ing to sound; and many dyslexic persons exhibit minor devi-
Dynamic Aspects of Neocortical Functiohew York: Wiley, ations in their representation of spoken language that disrupt
pp. 159-193. reading acquisition (e.g., Bradley and Bryant 1983). Despite
Perrett, D. I, J. K. Hietanen, M. W. Oram, and P. J. Benson. this evidence, reading education in most English-speaking
(1992). Organisation and functions of cells responsive to facescountries attempts to discourage children from using phono-
in the temporal cortesRhilosophical Transactions of the Royal |ogica] information on the mistaken view that it discourages
Society of London. Series B, Biological Sciergs: 23-30. reading efficiency. There is also strong evidence that learn-

Sakata, H., M. Taira, S. Mine, and A. Murata. (1992). Hand- . . .
movement—related neurons of the posterior parietal cortex of N9 to_ read an orthography ha_s a reciprocal impact on pho-
nological representation (Morais et al. 1986).

the monkey: Their role in visual guidance of hand movements.

s is whether words are recognized on a visual basis or by

In R. Caminiti, P. B. Johnson, and Y. Burnod, E@ntrol of One barrier to using phonology in reading English and
Arm Movement in Space: Neurophysiological and Computa- many other writing systems would seem to be the quasi-
tional ApproachesBerlin: Springer, pp. 185-198. regular (Seidenberg and McClelland 1989) character of
Snyder, L. H., A. P. Batista, and R. A. Andersen. (1997). Coding of orthographic-phonological correspondences: most words
intention in the posterior parietal corté®ature386: 167—170. can be pronounced “by rule” (e.gave, mink but there are
many exceptions that deviate from the rules in differing
Visual Word Recognition degrees (e.ghave, pint. This observation led to the devel-

opment of “dual-route” models in which there are separate

mechanisms for reading rule-governed words and excep-
The goal of research on visual word recognition is to tions (Coltheart 1978). Connectionist models provide an
understand the kinds of capacities that underlie the rapidalternative approach in which a single network consisting of
and almost effortless comprehension of wordsEADING, distributed representations of spelling, sound, and meaning
how these capacities are acquired, and the impairmentgs used for all words. Such networks can encode both “rule-
that occur developmentally and following brain injury governed” forms and “exceptions,” while capturing the
(DYSLEXIA). Visual word recognition has also provided a overlap between them. Whereas the older models involved
domain in which to explore broader theoretical issues con-parallel, independent visual and phonological recognition
cerning knowledge representation, learning, perception,pathways, connectionist models permit continuous pooling
and memory; for example, it played a significant role in of information from both sources until a word’s meaning

the development of both modulan@dDULARITY OF MIND) has been computed.
and connectionistOGNITIVE MODELING, CONNECTION Research owRITING SYSTEMSorganized along differ-
IST) approaches to cognition. ent principles (see papers in Frost and Katz 1992) sug-

Studies oEYE MOVEMENTS in reading indicate that most gests that there may be more commonalities in how they
words are fixated once for durations ranging from 50 to 250 are read than the differences among them might otherwise
ms. Short function words are sometimes skipped and longeisuggest. One major difference among writing systems is in
words may be fixated more than once. Word recognition how transparently they represent phonological informa-
speeds vary depending on reading skill, the type of text, andion. For example, whereas the pronunciations of ortho-
how carefully it is being read; large increases in reading graphic patterns in Finnish and Serbo-Croatian are highly
speed can only be achieved with significant loss of compre-predictable, many English words are irregularly pro-
hension, as in skimming. The main bottleneck is perceptual:nounced, and the nonalphabetic Chinese writing system
the perceptual span is approximately four letters to the leftprovides only partial cues to pronunciation. These differ-
of fixation and fifteen to the right when reading from left-to- ences have often led to suggestions that one or another
right (it is asymmetrical to the left in reading languages writing system is optimal for learning to read. Writing
such as Hebrew). Letter identities can be determined onlysystems exhibit trade-offs among other design features,
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however, that tend to level the playing field (Seidenberg be “lesioned” to create the reading impairments seen in sev-
1992). For example, English has many irregularly pro- eral types of patients (Plaut et al. 1996). A growing body of
nounced words but they tend to be very short and to clus-neuroimaging evidence is beginning to clarify how the rep-
ter among the highest-frequency words in the language;resentations and processes specified in these models are
hence they are likely to be easy to learn and processrealized in the brain.

Serbo-Croatian is more transparent at the level of letters See alSOCONNECTIONIST APPROACHESTO LANGUAGE;

and phonemes but there are few monosyllabic words andMAGNETIC RESONANCE IMAGING; POSITRON EMISSION

there is also a complex system governing syllabic stress TOMOGRAPHY; SPOKENWORD RECOGNITION

The pronunciations of words in Hebrew can be reliably
predicted from their spellings except that the vowels are
normally omitted. Studies of reading acquisition in differ-
ent writing systems do not suggest large differences in theReferences

aveArargg'(r)?tSn?teZvor}\I/%r:jﬁglslﬂgegolﬁ?gr]ntsotﬁ; ?de of subword Bradley, L., and P. E. Bryant. (1983). Categorizing sounds and
| learning to read—a causal connectiNiature301: 419-421.

units such as syllables and morphemes (8&®RPHOLOGY) Coltheart, M. (1978). Lexical access in simple reading tasks. In G.

in word recognition. Does reading a word suctfeamer Underwood, Ed.Strategies of Information Processingon-
involve parsing it into the morphemes [farm] + [er] or don: Academic Press.

merely using orthographic and phonological information? Coltheart, M., B. Curtis, P. Atkins, and M. Haller. (1993). Models
Although several studies have provided evidence for lexical of reading aloud: Dual-route and parallel distributed processing
decomposition, the extent to which it occurs in reading is  approaches?sychological Review00: 589-608.

not known. Any decomposition scheme runs up againstFFOSrt], ?-, and |(-j- I\l;atz,_EgAs. (lt99d2)rtho’\?rat|cr)]h3|_/|, Iihogology, Mor-
what to do with cases likeorner or display, which appear _ Phology, and Meaningamsterdam: fforth-tofand.

to be morphologically complex but arr)e )r/1ot. Connpepctionist Liberman, I. Y., and D. Shankweiler. (1985). Phonology and the

. . . problem of learning to read and wrifRemedial and Special
models have also begun to provide an alternative account in Educations: 8—17.

which morphological structure reflects an emergent, inter- \janis F. M. S. Seidenberg, L. Doi, C. McBride-Chang, and A.
level representation mediating correlations among orthogra-  petersen. (1996). On the basis of two subtypes of developmen-
phy, phonologyseMANTICS, and aspects of grammar. tal dyslexiaCognition58: 157—195.

Other research has addressed how readers determine theerrill, E. C., R. D. Sperber, and C. McCauley. (1981). Differ-
meanings of words and integrate them with the contexts in  ences in semantic encoding as a function of reading compre-
which they occur. Words in texts tend not to be very predict-  hension skill Memory and Cognitio®: 618-624. _
able, which makes using context to guess them an ineﬁi-MOtfa'$r,J-v P. dBerte|S?]n: L. Carty’t%]u? J;t.A|e§£|a45(1§26)- Literacy
cient strategy. The computation of a word’s meaning is _ training and speech segmentatioiognition24: 45-64.
nonetheless constrained by context, as is clearly the case fdr'aut D: C., J. L. McClelland, M. S. Seidenberg, and K. E. Patter-

; . son. (1996). Understanding normal and impaired word reading:
ambiguous words such asseandplanebut also relatively

. ; Computational principles in quasiregular domafPsychologi-
unambiguous words such eat. For example, in a sentence cal R%vieV\LLO:%: 26_155_ a J i 9

about petting, the wordat may activate the feature <fur>;  pollatsek, S., and K. Rayner. (1990). Eye movements in reading: A
in a context about getting scratchecht will activate tutorial review. In D. Balota, F. D'arcais, and K. Rayner, Eds.,
<claws> (Merrill, Sperber, and MacCauley 1981). Comprehension Processes in ReadHiigjsdale, NJ: Erlbaum.
Impairments in word recognition are characteristic of Seidenberg, M. S. (1992). Beyond orthographic depth: Equitable
developmental dyslexia. Dyslexia is often associated with ~ division of labor. In R. Frost and L. Katz, Ed€tthography,
phonological impairments that interfere with learning the _ Phonology, Morphology, and Meanin§pringer. o
relationship between the written and spoken forms of lan- Seidenberg, M. S., and J. L. McClelland. (1989). A distributed,
guage (Liberman and Shankweiler 1985). In other cases, developmeptal mo.del (?f visual word recognition and naming.
dyslexi rsons have normal phonol but are develop-q, - ychological Revie@6: 523-568.
yslexic persons have normal phonology P-sh

. ; allice, T. (1988)From Neuropsychology to Mental Structure.
mentally delayed: they read like much younger children. Cambridg(e: Ca)mbridge Univ%rgity Prggs.

This delay may reflect impoverished experience or othervan Orden, G. C. (1987). A ROWS is a ROSE: Spelling, sound,
deficits in perception or learning (Manis et al. 1996). and readingMemory and Cognition5: 181-198.

Dyslexia also occurs as a consequence of neuropathowagner, R. K., and J. K. Torgesen. (1987). The nature of phono-
logic discorders such as Alzheimer’s disease or herpes logical processing and its causal role in the acquisition of read-
encephalitis. Three major subtypes have been identified: ing skills.Psychological Bulletiri01: 192-212.
phonological dyslexia, in which the main impairment is in
pronouncing novel letter strings suchrasst; surface dys-  Further Readings
lexia, in which the main impairment is in reading irregularly

pronounced words such pmt; and deep dyslexia, in which of reading aloud: Dual-route and parallel distributed processing
the patient makes semantic paraphasias such as pronouncing approachesPsychological Review00: 589-608.

sympathy“orchestra“ (Sha]lice 1988). Current research Gough, P, L. Ehri, and R. Treiman, Eds. (198®ading Acquisi-
focuses on using computational models of normal word rec-  tjon. Hillsdale, NJ: Erlbaum.

ognition to explain how these patterns of impairment could plaut, D. C., and T. Shallice. (1993). Deep dyslexia: A case study
arise (Se@I0ODELING NEUROPSYCHOLOGICALDEFICITS). For of connectionist neuropsychologgognitive Neuropsychology
example, connectionist models of normal performance can 10: 377-500.

—Mark Seidenberg

Coltheart, M., B. Curtis, P. Atkins, and M. Haller. (1993). Models



von Neumann, John 871

Seidenberg, M. S. (1995). Visual word recognition: An overview. metamathematics and logic (S@&DEL'S THEOREMS and
In J. L. Miller, and P. D. Eimas, EdsSSpeech, Language, and  SELFORGANIZING SYSTEMS). His starting point wasiccuL-
CommunicationSan Diego: Academic Press. LocH andPITTSs ground-breaking work on the mathemati-
Van Orden, G. C., B. F. Pennington, and G. O. Stone. (1990). Wordc5| representation of neurons and neural nets.
identification in reading and the promise of @ subsymbolic psy- — the McCulloch-Pitts neuron is an extremely simplified
cholinguistics Psychological Revied7: 488-522. representation of the properties of real neurons. It was intro-
duced in 1943, and was based simply on the existence of a
von Neumann, John threshold for the activation of a neuron. ugt) denote the
state of théth neuron at timé Supposey; = 1 if the neuron

John von Neumann was born in Hungary in 1903 and diedis active, 0 otherwise. Lét [v] be the Heaviside step func-
in the United States in 1957. He was without doubt one oftion, = 1ifv=0, 0 ifv < 0. Let time be measured in quantal
the great intellects of the century, and one of its most distin-UnitsAt, so thatu(t + At) = u(nAt + At) = u(n + 1). Then the
guished mathematicians. At the time of his death he was activation of a McCulloch-Pitts neuron can be expressed by
member of the Institute for Advanced Study, at Princeton, the equation:
New Jersey.
Von Neumann's scientific interests were very broad, u(n+1) = O[Zw;u(n) —vryl
ranging through mathematical logic, automata theory and
computer science, pure mathematics—analysis, algebra anwherew; is the strength or “weight” of thg ¢ i)th con-
geometry, applied mathematics—hydrodynamics, meteorol-nection, and whergg, is the voltage threshold. Evidently
ogy, astrophysics, numerical computation, game theory,activation occurs iff the total excitation= Sw;;u;(n) — vry
guantum and statistical mechanics, and finally to brain reaches or exceeds 0.
mechanisms and information processing. In addition von  What McCulloch and Pitts discovered was that nets com-
Neumann was heavily involved in the Manhattan Project prising their simplified neural units could represent the logi-
both at the University of Chicago and at Los Alamos. After cal functionsaND, OR, NOT and the quantifierél and [1
World War Il he became a member of the Atomic Energy These elements are sufficient to express most logical and
Comission, and of course he was a key figure in the earlymathematical concepts and formulas. Thus, in von Neu-
U.S. development of general purpose digital computers. mann’s words, “anything that you can describe in words can
So far as the cognitive sciences are concerned, von Neualso be done with the neuron method.” However von Neu-
mann’s main contributions were somewhat indirect. mann also cautioned that “it does not follow that there is not
Together with Oscar Morgenstern he developed a mathe-a considerable problem left just in saying what you think is to
matical model focAME THEORY that has many implications  be described.” He conjectured that there exists a certain level
for human cognitive behavior. He also published two papersof complexityassociated with an automaton, below which its
and one short monograph anToOMATA theory and related  description and embodiment in terms of McCulloch-Pitts
topics. nets is simpler than the original automaton, and above which
The first paper, published in the 1951 proceedings of theit is more complicated. He suggested, for example, that “it is
Hixon Symposium, was entitled “The General and Logical absolutely not clear a priori that there is any simpler descrip-
Theory of Automata.” In it von Neumann introduced what tion of what constitutes a visual analogy than a description of
are now known as cellular automata, and discussed in soméhe visual brain.” The implications of this work for an under-
detail the problem of designing a self-reproducing automa- standing of the nature of human perception, language, and
ton. In some ways this is a remarkable paper in that it seemgognition have never been analyzed in any detail.
to anticipate the mechanism by which information is trans-  In his second paper, “Probabilistic Logics and the Syn-
mitted from DNA via messenger RNA to the ribosomal thesis of Reliable Organisms from Unreliable Compo-
machinery underlying protein synthesis in all pro- and nents,” published in 1956 (but based on notes taken at a
eukaryotes. Of more relevance for cognitive science waslecture von Neumann gave at CalTech in 1952), von Neu-
von Neumann’s analysis of the logic of self-reproduction, mann took up another problem raised by McCulloch, of how
which he showed to be closely related to Gédel's work on to buildfault tolerantautomata.

Figure 1. McCulloch-Pitts neurons. Each unit is activated iff its total
excitation reaches or exceeds 0. For example, the first unit is activated
iff both the units x and y are activated, for only then does the total
excitation, (+1x + (+1)y balance the threshold bias of -2 set by the
threshold unitt, whenever botk andy equal +1 (activated). Theunit

is always active. The numbers (+1), etc. shown above are called
“weights.” Positive weights denote “excitatory” synapses, negative
weights “inhibitory” ones. Similarly, open circles denote excitatory
neurons; filled circles, inhibitory ones.
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