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KARL H. PRIBRAM*

SPACE-TIME AND DURATION
IN THE ORGANIZATION OF LANGUAGE

THE PROBLEM

In Languages of the Brain (Pribram, 1971, Chaps. 17, 18 and
19), I made some preliminary proposals concerning the relationship
between human language and the functional organization of the
brain. These proposals were based on clinical experience with aphasic
patients and on the analysis of the structure of language by Charles
Peirce (1934). The proposals were incomplete in many respects and
raised problems that have persistently plagued me in trying to under­
~tand linguistic processing by the brain. The present work thus
presents an opportunity to enlarge on the earlier views which have
been especially enriched by attendance at a conference on the origins
of speech and language sponsored by the New York Academy of
Sciences in 1976, by an interdisciplinary conference on the nature
of human language sponsored by the Society for the Interdisciplinary
Study of the Mind in 1978, and by the participants of a conference
on «pausology», held at the University of Kassel in 1980.

Perhaps the most important problems concern the relationship
between brain organization and Peirce's categories of semantics,
pragmatics and syntactics. The connection between semantics and
syntactics appeared to be relatively easy to establish: grammar and
meaning mutually imply each other much as partitions on a set
determine the organization into subsets (Pribram, 1973a). Thus, no
separate brain locus would be expected to distinguish disturbances
of semantics from those of syntax.

Two problems immediately arise from this formulation: one,
it is incomplete since it ignores pragmatics; and two, it contradicts
the clinical observation that semantic aphasis more often follow
parietal lesions while agrammatism is found most often in patients
with more anteriorly placed damage in the temporal lobe or ad­
jacently at the foot of the central fissure.

* Neuropsychology Laboratories. Jordan Hall, Stanford University.
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The problems concerning semantics, pragmatics and syntactics
are intimately related to another set of distinctions that Peirce ma­
kes, Le., those that characterize signs and symbols. Signs refer to
icons, Le., images that outline or caricature the sensory input. Signs
may also become indices that point to, categorize or classify that
input into groups, Le., sets and subsets. Symbols, on the other hand,
are tokens that bear only an indirect and completely arbitrary rela­
tionship to the events or objects symbolized. In Languages of the
Brain I focused on this distinction between the direct, deictic natu­
re of iconic and indexal signs and the indirect tokens that compose
symbols as fundamental. However, the criticism has often been voi­
ced that signs are also tokens, and furthermore, that in Languages,
Peirce's differentiation between icon and index was not pursued.

These difficulties are compounded by the generally held opi­
nion by philosophers, linguists and cognitive psychologists that
signs and symbols are hierarchically related. Peirce is not altoge­
ther clear on this issue, but in Languages of the Brain, sign and
symbol are conceived to originate from the operation of separate
neural systems: signs are processed by the posterior convexity of
the brain, symbols by frontolimbic formations. Thus, the neuro­
psychological formulation has been at variance with accepted lin­
guistic conceptualizations.

Finally, in Languages of the Brain I suggested that the ordina­
ry distinction between nouns and verbs in terms of nominalization
and predication is in error. Both nouns and verbs are seen as no­
minalized: verbs refer to nominalized actions while nouns refer to
objects, the difference between objects and acts being their relative
stability over time and place. Predication is defined neuropsycho­
logically as expressing a relationship, a proposition, a belief about
how objects and acts have become momentarily related (see also
Eco, 1979, Chap. I). Predication, therefore, demands syntax, in
English, for example, the use of only a restricted range of verbs
such as «is». Linguists, on the other hand have tended to identify
predication with action per se and to consider all verbs as predica­
tes. Verbs are thus instrumental, procedural referents to action of
objects referred to by nouns.

One may be tempted to ignore these differences. After all, dif­
ferences in disciplinary approach may well produce different ana­
lyses. But, if understanding human language is to be of a piece,
the different approaches ought to shed light on a commonality of
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problems, and the discrepancies listed above should be resolvable.
The following attempt toward resolution is made in this spirit.

LINGUISTIC PROCESSING: A PROPOSAL

Resolution of these issues rests on a distinction which is cen­
tral to the theme of this conference: The nature of time. Bergson
(1911) has proposed - and neuropsychological analysis supports
his proposal (pribram, in press) - that the conception of time con­
cerns two distinguishable processes: Einsteinian space-time and the
experience of duration (duree).

The perception of Einsteinian time is developed in terms of
movement across space, which while relative to the speed of move­
ment results in a «relatively» context free experience of external
reality. The experience of duration, on the other hand, is based
on fluctuation, i.e. on recurrent cycles of repetitive activity such
as diurnal and ultraradian rhythms, appetitive/satiety cycles, heart
beat and respiratory inhalation/exhalation, etc. Thus, the experience
of duration is state and context dependent. Neuropsychological evi­
dence indicates that the perception of space-time is a function of
the posterior cerebral convexity while the experience of duration
is a function of the frontolimbic formations of the forebrain.

Applied to the analysis of the neural systems involved in lan­
guage, the distinction between space-time and duration indicates
the following: The posterior cerebral convexity deals with image
and information processing while the frontolimbic formations are
concerned with communication within the frame of state and con­
text dependent processes.

Images are clearly space-time representations. Information, in
Shannon's sense (Shannon & Weaver, 1949) is the quantitative
expression of the reduction in uncertainty among alternatives. In
this sense information is akin to categorizing, which has been shown
by Rausch (1977) to depend on generalizing a prototype. Prototy­
pes are of course images or iconic representations of such images.
Take for example, a shelf containing knick-knacks and books.
If I ask you to bring me a certain book wich I believe to have
a red cover, I have categorized book and red - two protQtypes.
There may in fact be a book-like objet that contains a bottle of
scotch and there may be a book with reddish-orange covers - cha­
racteristics which fall at the limits of generalization of the prototype
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and therefore make choice more difficult. Under favorable circum­
stances, however, uncertainty reduction has occurred bYJhe provi­
sion of categorical information.

Neuropsychological evidence (reviewed below) suggests that se­
mantic processing, Le. the processing of images (icons) and infor­
mation (as represented by open class words and phrases, Le. by
categorical reference) is a function of the posterior cerebral conve­
xity and that in humans the right hemisphere is more involved in
image processing while the left hemisphere is more involved with
information processing (the reduction of uncertainty).

By contrast, neuropsychological evidence (reviewed below) in­
dicates that the frontolimbic formations of the forebrain are con­
cerned with pragmatic procedures. These procedures include the pro­
sodics of speech: Intonation, pausing and the character of voice.
Further, the modifiers of meaning - (closed class words and phra­
ses which are rhetorical, i.e. provide rhetoric) that depend so much
on the fluctuating, cyclic state of the speaker and the circumstance
(context) in which the communication occurs - are a function of
these frontolimbic forebrain mechanisms.

Finally, it is syntax which coordinates semantics (image and
information processing) with pragmatics. Syntax is a function of
the somatosensory motor systems centrally located in the brain and
critical to the expression of both semantic reference and pragmatic
rhetoric.

SEMANTIC PROCESSING: IMAGE AND INFORMAnON

Note that in this formulation the distinction between image
processing (iconicity) and information processing (indexing) rests
on hemispheric specialization. The evidence for such specialization
has been repeatedly reviewed (e.g., Dimond & Beaumont, 1974)
and has become common knowledge. Less well articul are the re­
lationships between image and information processing and the con­
struction of linguistic signs and symbols. As Peirce makes clear,
icons and indicants bear a direct reference to what is being signi­
fied. In today's parlance, images (see e.g., Paivio, 1971) and infor­
mation, considered as alternatives (see e.g., Miller, 1953) are also
rather directly derived from sensory input. Signs and symbols, on
the other hand, are higher order categorizations, which can become
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arbitrary with use. This arbitrariness stems from the modification
of language expressions by the states and contexts that give pragmatic_.' .
form to the language.

The hierarchical nature of linguistic processing is most likely
derived from the beginnings of hemispheric specialization and later
from the audiovocal nature of human language. There is considerable
evidence that initially primate communication proceeded by
establishing a reciprocal relationship between icon and index using
visual-gestural mechanisms. Thus, apes have been taught to indicate
their communications by American Sign Language (e.g., Gardner
& Gardner, 1969) and the cave paintings of early man suggest con­
siderable skill at iconic symbolization. A plausible scenario of the
origins of speech might be thai frustrations with visual-gestural com­
munication due to darkness in caves, distance, or other awkward
circumstances became expressed in vocalization which then became
differentiated into tokens for the unseen gestures. In this fashion,
the expressions became signs and symbols initially standing in lieu
of icons and indexes and then supplanting them because of their
overwhelming adaptive advantage. In short, the expression became
words.

It is likely that these first expressions of frustrations were· related
to actions and were, therefore, verbs. Verbs are words that denote
actions (Miller, Galanter & Pribram, 1960, Chap. 14). «A hole is
to dig» a child will tell you and an aphasic patient will gesture only
«to dig». Later in evolution verb words became nominalized and
objectified. Thus, whether one whishes to call words symbols or
signs is a matter of convention. Because the meaning of words is
ordinarily processed by the posterior convexity of the left hemisphere
and because indices are usually hierarchical to icons, it does seem
most appropriate to call them symbols as is the custom in linguistics
and philosophy (e.g., Morris, 1946) and not signs as in Languages
of the Brain.

PRAGMATIC PROCEDURES: LANGUAGE FORMATION

But by what mechanism are these higher order arbitrary signs
and symbols achieved? The proposal made here is that pragmatic
procedures involving the .functions of the frontlimbic forebrain con­
tinuously modify icon and index once vocal expression becomes
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involved in the communication. The limbic systems are primarily con­
cerned with monitoring the fluctuating, cyclic states of the organism
that are expressed as hunger, thirst, sex, etc. (for review see Pribram,
1971, Chaps. 9 and 10). In addition, the intensive aspects of pain and
temperature are regulated by these systems (see Pribram, 1977c). These
basic functions are reflected in higher order processes as establishing
the needs and desires, Le., the bases for the utilities that determine
what reinforces the organism's behavior (see e.g., Douglas & Pribram,
1966; Pribram, Douglas & Pribram, 1969; Pribram, 1977a). In essence,
therefore, these systems establish an.internally determined pragmatic
context within which the organism approaches the world about him.

The limbic forebrain shares regulation of context-dependent
behavior with the pole of the frontal cortex which can be considered
as the «association» area of the limbic systems (Pribram, 1958). The
functions of the frontal cortex make possible the distribution of
behavioral responses according to the probability that the behavior
will be reinforced (Pribram, 1961). Thus, frontal cortex participates
in determining the practical, pragmatic utilities which, as noted above,
organize the context within which an organism approaches his world.
(Utilities are defined in economic theory as derived multiplicatively
from desires and probabilities.).

Linguists and psycholinguists have up to now paid little heed to
the pragmatics of language. The line of evidence and reasoning pur­
sued here suggests that pragmatic procedures are derived from pro­
cesses that establish desirabilities and the probabilities of reinforce­
ment given a particular state of desire. The linguistic expression of
such pragmatic processes would therefore be episodic, Le., would be
dependent on momentary state. Some mnemonic mechanism must
also be involved since state change is monitored and outcome (rein­
forcement) probability estimates are made. Cognitive psychologists
often refer to such mnemonic processes as short term but more recent­
ly, and accurately, the process has been identified as «episodic»
memory (Tulving, 1970, 1972) to distinguish it from longer term, more
universally applicable semantic stores.

FORMING A LANGUAGE:
THE ROLE OF PAUSING AND PARSING

In non-human primates, lesions of the frontolimbic forebrain
but not of the posterior convexity, interfere with the performance
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of a task which can be used as a model for relating episodic, con­
text dependent constructions to linguistic processing. This task is ..~;
the delayed alternation procedure during which a subject is rein­
forced for alternating his responses between the two boxes. During
the interval between opportunities for response an opaque screen
hides the boxes. The screen, is kept in place for from 5 sec. to
a minute or longer depending on how difficult one chooses to make
the task. When the interval between opportunities is equal, sub­
jects with frontolimbic lesions invariably fail the task; Le., they
seem to forget which box they previously chose successfully. When,
however, the intervals between opportunities are made unequal ­
e.g. 5 sec. before box one must be chosen and 15 sec. before box
two is the correct choice - then the deficit is quickly overcome
(Pribram & Tubbs, 1967; Pribram, Plotkin, Anderson & Leong,
1977).

The reason for performing the above experiment was that it
seemed as if a monkey failing the alternation task were in much
the same situation as a person hearing or reading a paragraph in
which letters and words were separated by equal intervals. Thus,
MARESEATOATSANDDOESEATOATSANDLIITLELAMaSEA­
TIVY is unintelligible until parsed into words: Does eat oats and
mares eat oats and little Iambs eat ivy. In general, chunking (Miller,
1956; Simon, 1974) has been found to be an essential processing
mechanism when the limits of competency are involved (Pribram
& McGuinness, 1975).

It is remarkable that the same parts of the brain are responsi­
ble for the operations that determine context by way of pragmatic
procedures and those that determine the pauses necessary to pars­
ing utterance, i.e., expressions into words. This identity of neural
substrate suggests that pauses in speech provide the contextual cues
within which the content becomes related to the speaker's state:
his mood, his momentary desires and probability estimates of suc­
cess in meeting those desires. From these contextual cues, therefore,
signification and symbolization derive - pragmatic processing in­
forms (in the non-technical sense) the linguistic production. Pauses,
inflections and the dynamic range of speech form the context in
which the content of the communication occurs. This idiosyncratic
aspect of language formation may therefore be responsible for the
rapid transformation of a language into dialect by an intimate group
and thus the variety of languages used by man.
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Further, this relationship between pragmatics and the form of
language expression may underlie the process of predication. Mak­
ing words into sentences would be unnecessary unless a statement
about state, about desire and belief (probability), etc. were at stake.
Thus, predication stems from pragmatic procedures while nomina­
tion, Le., making words more universally meaningful, results from
semantic image and information processing.

SYNTACTICS: THE MOTOR ASPECTS OF LANGUAGE

What then is the role of syntax? Syntax must reflect both the
pragmatic form of language and its semantics. Neurologically, both
the frontolimbic forebrain and the posterior convexity of the brain
are directly connected to such subcortical motor structures as the
basal ganglia which are known to regulate postural and sensory
sets (for review, see Pribram, 1977b). These basal structures are,
in turn, intimately connected with the centrally located motor cor­
tex which organizes skills.

Over the past three decades, a great deal has been learned about
the hierarchical nature of processing information by the use of sym­
bols (ex.g., Miller, Galanter & Pribram, 1960). The construction
of programs that make serially operating computers into effective
data storage and retrieval mechanisms has shown that such pro­
grams must categorize data into items which can be universally
retrieved and are thus essentially context free. Hierarchies of such
context free items (bits - bytes - words) are then compiled into
assemblers which in turn are the elements of more complex pro­
gramming languages.

More recently, cognitive psychologists interested in simulating
human experience and behavior have found that exclusive reliance
on such hierarchical organization does not reflect the full nature
of human perception, action, and communication. Even the relativily
simple process of compiling demands arbitrary decisions that are
specific to the «episode» or situation, e.g., the particular computer
in use. More and more, these investigators have resorted to the
construction of «procedures», episode specific program clusters that
can be flexibly switched into an ongoing program whenever a situa­
tion so demands (see Miller & Johnson-Laird, 1976; Winograd, 1977;
Schank & Abelson, 1977). As noted earlier, in primates, evidence
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has accumulated to support the hypothesis that the frontal cortex
operates such a context sensitive noticing mechanism and becomes,
in this sense, therefore, the executive organ of the brain (Pribram,
1973b).

CONCLUSION

Drawing on Bergson, duration based on fluctuating cyclicity
is distinguished from space-time. When applied to linguistic com­
munication, these fluctuation-dependent durations evolve into the
prosodics and predicative aspects of language - in short, its
pragmatics. The import of recent attention to episodic context sen­
sitive, pragmatic procedures in all cognitive operations, does not
exclude psycholinguistics or neurolinguistics. In a sense, this paper
has summarized a set of conceptualizations that has benefited
substantially from recognition of the role of pragmatics, its defini­
tion in terms of current issues, and the possibility of constructing
a reasonable model of the brain process involved. Pragmatics has
thus proved the key concept in resolving a set of issues and pro­
blems that grew from an interest in relating semantics to syntax.
Pragmatics provides the context and form within which image and
information become meaningful. Syntax must thus be accountable
to both hierarchical, essentially context free semantic considerations,
and to episode specific, context sensitive procedures. Brain
mechanisms exist for semantic processing in its posterior convexity
and for'procedural organization in the frontolimbic systems. Syn­
tactic collation becomes the burden of the motor system to ac­
complish, for the linguistic act is little different in this respect from
the achievement of other actions (Pribram, 1971, Chaps, 16, 19).
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RIASSUNTI

SPAZIO-TEMPO E DURATA NELLA ORGANIZZAZIONE
DEL LINGUAGGIO

L'importanza dell'attenzione recente ai procedimenti pragmatici «sensibili
al contesto» in tutte Ie operazioni cognitive non esclude ne la psicolinguistica,
ne la neurolinguistica.

Questo articolo riassume, in un certo senso, una serie di concettualizzazioni
che hanno benejiciato in modo sostanziale della scoperta del ruolo della pragma­
tica, della sua definizione in termini appartenenti aile problematiche contempo­
ranee, nonche della possibilita di costruire un modello ragionevole dei processi
cerebrali implicati.

La pragmatica si rivela cosi un concetto chiave per la soluzione di una serie
di argomenti e di problemi che derivano dalla messa in relazione della semantica
con la sintassi.

La pragmatica fornisce if contesto e la forma all'interno della quale I'imma­
gine e I'informazione divengono significative.

La sintassi deve cosi poter essere spiegata sia in base a considerazioni se­
mantiche disposte gerarchicamente e sostanzialmente libere dal contesto, sia in
base a procedimenti specijici per I'episodio e sensibili al contesto.

I meccanismi cerebrali per I'elaborazione semantica hanno luogo nella con­
vessita posteriore e quelli per I'organizzazione procedurale nel sistema frontolim­
bico.

La collazione sintattica diviene if carico per I'adempimento del sistema mo­
torio, in quanta I'atto linguistico, da questa punto di vista, differisce di poco
dall'adempimento di altre azioni.

ESPACE-TEMPS ET DUREE DANS L'ORGANISATlON
DU LANGAGE

L'importance de I'attention recente pour les procedures «sensibles au con­
texte» et pragmatiques en toutes les operations cognitives, n 'exclut ni la psycho­
linguistique, ni la neurolinguistique. En un certain sens cet article a resume une
serie de conceptualisations, qui ont, de fa~on essentielle, profite de la decouverte
du role de la pragmatique, de sa definition en des termes appartenant a des
probMmatiques actuelles, et, enfin, de la possibilite de construire un modele rai­
sonnable des processus cerebraux en cause.

Done, la pragmatique a essaye son concept-eM sur la solution d'une serie
de themes et problemes provenants de I'interet a pouvoir mettre la semantique
en rapport avec la syntaxe. La pragmatique fournit Ie contexte et la forme,
au sein desquels I'image et I'information re~oivent une signification.

Ainsi la syntaxe doit s'expliquer aussi bien par des considerations semantiques
de nature hierarchique et essentiellement libres de n'importe quel contexte, que
par des procedures specifiquement «episodiques» et sensibles aux contextes.

Des mechanismes cerebraux pour les operations semantiques se trouvent dans
la convexite posterieure, pour I'organisation procedurale, d'autre part, il se trou­
vent dans les systemes frontolimbiques. Le collationnement syntaxique devient
Ie piston pour I'activire des systemes moteurs, car, sous cet aspect, I'acte linguis­
tique est peu ou guere different de I'accomplissiment d'autres actes.
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RA UM-ZEIT UND DA UER IN DER ORGANISA TION
DER SPRACHE

Das jiingste Interesse fiir die in siimtlichen Erkenntnistiitigkeiten wirksamen
kontextempfindlichen, pragmatischen Verfahren schliesst weder die Psycholinguis­
tik noch die Neurolinguistik aus.

In diesem Beitrag werden in gewissem Sinne eine Reihe von Konzeptualisie­
rungen zusammengetragen, die allesamt der Anerkennung der Rolle der Pragma­
tik, ihrer Definition aufgrund der jiingsten Problematik und der Moglichkeit, ein
annehmbares Modell der betreffenden Gehirnprozesse zu konstruieren, wesentli­
ches zu verdanken haben. Die Pragmatik hat ihr Schliisselkonzept also insofern
ausprobiert, als sie eine Reihe von Fragen und Problemen gelost hat, die sich
aus dem Interesse fiir den Zusammenhang zwischen Semantik und Syntax ergeben
hatten. Die Pragmatik liefert den Kontext und die Form, in denen Bild und Infor­
mation sinnvoll werden. Die Syntax muss also sowohl hierarchischen, wesentlich
kontext-freien semantischen Betrachtungen wie episoden-spezijischen, kontextem­
pfindlichen Verfahren Rechnung tragen. Was die Gehirnmechanismen betrijft, diese
befinden sich fiir die semantische Aufarbeitung einerseits in dem hinteren Kon­
vexteil, fiir die Verfahrensorganisation andererseits in den frontolimbischen 5y­
stemen. Die syntaktische Verbindung wird zur typischen durch das motorische
System zu verkraftenden Belastung, denn in dieser Hinsicht gibt es zwischen der
Durchfilrung von sprachlichen und der von anderen Handlungen kaum einen Un­
terschied.
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