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PREFACE

The GSCP (Gruppo di Studio sulla Comunicazioned®aylorganizes
a Conference every three years in Naples. The @amde is considered as
one of the highlights of the research work condiidig the GSCP, as it
has the merit of bringing together the experiencEso many interest
groups working in the field of spoken communicatidhe GSCP 2009
Conference was a great success, with contributimm both European
and non European Countries. Topics ranged from uistigs to
pragmatics, from philosophy to communication scgsndrom pedagogy
to psychology, from experimental phonetics to spemtalysis tools.

Indeed, this volume is the result of such great¢raggt. The eleven
papers that have been selected mark the greatsijwesf approaches
researchers have applied to the study of the maffigreht aspects of
spoken communication, but they also confirm thestexice of the strong
interconnection among the various fields. Furtheem the articles that
are part of this volume are more than just the temitversion of the
conference talks. The authors, who have contribggederously to our
invitation for an extended version of their talkiegent a wider and
thorough perspective on the subject matter. Wevarg grateful to them
all.

As for the organization of the volume, it is dividento three parts:
Theoretical aspects, Some case studies and Repingsspeech. The first
part includes aspects of the cognitive and pragmpérspectives of
spoken discourse, the second part examines langyadeologies,
multimodal spoken dialog interaction and voice esgiveness, and the
third part discusses sign languages, the repreagemts# intonation and the
automatic detection of disfluencies in speech tapgons.

Hence, the overall goal of the present volume isfter an extensive
and qualified description of the current researbht tmay stimulate
genuine attention of those working in this fieldth®dugh the volume by
no means covers all the topics related to Spokenmmication, it is an
updated representation of our current understandmdghe subject. We
hope this volume will be beneficial to those intteel in this new and
exciting field of research.

—Massimo Pettorino and Antonella Giannini
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CHAPTERONE

SPEECH
A COGNITIVE PERSPECTIVE

ANTONINO PENNISI,
UNIVERSITY OF MESSINA

1. Introduction

Linguists (Voghera 1992; Sornicola 1981) commordyer to three
main meanings of the idea of speaking:

1. Speech as a form of spoken communication (eg. tprab.
writing);

2. Speech as socio-cultural diversity (language spoeontaneous,
vs.cultured language, literary, etc.);

3. Speech as a mean of transmission (eg., oral laegumdSign
Language).

None of these three meanings is peculiar to thanitiug perspective
although, obviously, it is often forced to draweiach of them. A cognitive
action that plays an active role in an animal m{add at present it is
independent from the idea of an artificial mind) shibe regarded as a
specific form of thought (or intellective actiomy, as a mental pattern that
uses mental development and produtifferent knowledgérom those of
all the other forms of cognition.

Of course it would be necessary to give a bettéinitien of the term
“form of thought”, but at this rate we will nevetop and we should get
into a very old debate whether thought is basethioguage or language is
based on thought, or whether thoughts may exisininndependent way
from language, etc.

Currently we will consider obvious the mentaliss@asption that is
peculiar to the cognitive sciences according to cWhisensations,
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perceptions, mental images, and formal logical aeiag), categorization,
etc. can also exist without language and therefeitbput speaking.

This negative definition has the advantage of adiolg, even in the
faculty of language, everything that has a conaptature different from
that of speaking. For example, semantics, morplyplegntax certainly
are not peculiar prerogatives of language. Givirganing to any sign is,
perhaps, the primary task of every cognitive attivin the same way, the
morphology is common to virtually every type of egrization. Any
operation that provides modularity and decompogghbdf units (first,
second or n-th articulation) is morphological: frahe bio-physiological
descriptions (from this the origin of the name dfe tconcept of
morphology itself), to any type of code of modutégns. Syntax, then, is
the cognitive operation typical of the formal syste of the symbolic
logic, of the programming codes, etc. Generally, arental activity that
involves a hierarchy of units and their orderlyamgement in space and /
or time is a syntax activity.

We can say that the grammatical and semantic coemsrof animal
cognition and artificial techniques are explicithaiques to regulate flow
of data and/or notions of any kind.

Is it not superfluous to recall that this does nwan to flatten the
diversity and complexity of these cognitive abd#tiin different forms of
knowledge and in different species that are abfgetform them.

What | want to say is that these skills have a naor&ent origin than
others, because, in their essential prototypicahfagiving a meaning and
distinguishing the elements by ordering them incepar in time—not only
are specific to all codes that require some formcafculation, but
probably, they pre-existed in previous speciehtsé ofHomo sapiens.

Chimpanzees, for example, are wonderful in exegutiansactions
that involve an understanding and use of ordinal eardinal numbers
(Matsuzawa 2006). There is no doubt, however, thatapplication of
morphology and syntax in human language and irctimerete historical-
natural languages has turned them into sourcesoghitive power of
incomparable effectiveness.

However, this is, in absolute, the relevant evohiry problem for a
cognitive perspective on speech: semantics, mooglyoland syntax—
existing procedures—are grafted on a new cognitilsdity, however,
which is unprecedented in evolutionary history: genetic articulation.
The phonetic articulation is produced only throughdom mutation that
has changed the original vocal supra-laryngealt tadcprimates and
hominids in that of the Sapiens one (permanent fimgeof the glottis,
elevation of the hyoid bone and their consequenct® phonetic
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articulation is what first we mean by “speech”. Thetput of discrete
sounds placed at the service of the meaning, thrphotogical and syntax
categorization.

To this basic cognitive skill, related to the pemfiance of vocal
organs, it is obviously added the prosodic modaigtivhich, however, is
also a clear antecedent in other species (likeshittlis probable that, as in
the case of semantics, morphology and syntax, ifumat use of
suprasegmental features in language model hasasedeenormously the
complexity of the latter, but even in this case dognitive specificity of
this model is not related to prosodic variation.

The difficulty of disentangling the specific cotution of each
language component is linked to the obvious faat tio one considers
language as a set of modules acting separatelythifig that semantic
prosody, phonetics, morphology and syntax (we'mitng stylistic and
pragmatic), proceed in a self-sufficient way, i¢ pnaly counterintuitive,
but certainly wrong: the linguistic phenomenon iseocand only one,
because it occurs within an organism, in a man.

However, the modern scholar is now facing a fumaiaunit, just the
language, which is the result of a micro-evolutignstratification lasted
about 200.000 years. Two hundred thousand yearseat&@nly few in the
perspective of the evolutionary biology, which ¢xdised mainly on the
structural changes (i. e. physiological, morphotamécal changes).
However, they are not that little for the cognitpa@eoneurology: that is in
the study of functional changes that led to themfttion of different
cognitive systems. From this point of view, studyihuman language
from its beginning until today, despite the lacknuditerials and the use of
certain speculative notions, can only lead to tleednto assume the
existence of modular units, certainly the existentelifferent cognitive
step the appearance of each one has restructured atier eholistic
organisms.

2. The speech as a form of ontological knowledge

If we want to understand what is the cognitive disien of the Speech
it is essential to consider that it is at the centf a chronological
sequence, but also of a functional one, in whicbspdy, morphology,
syntax and semantics come first, while writing, atfidcognitive derived
technologies, come later.

The linguistic- phonetic articulation is the spaespecific form of
human cognition. From a cognitive point of viewwaver, the human
cognition cannot be studied in the same way in Iiterate societies and
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in the post-chirographic ones. As the speech hagngia specific
ethological prosody, morphology, syntax and seranso the writing has
given new features, that is to say, a new cognispecificity to the
linguistic- phonetic articulation. In relation tbis$, the way of thinking
about speech in oral societies is very differeairfithat of societies based
on the mental technologies of writing.

It would take too long to address this issue hateerefore, for the
moment, we explain the cognitive relevance as sxably of the speech
in the way we live in our written culture. This lotpesis assumes that the
speech is gifted even of “visual images” of woraisl Idown in the form of
lexicons, dictionaries, directories, manuals angtldng else that pertains
to storing long-term fixed concepts. It's importamtunderlie that this was
certainly not the initial condition of speech. Sitey from this condition
we should try to understand the areas in which dpeproduces
knowledge that are irreducible to those of any otleem of thought,
however extensive these areas are in relation ¢owthole field of
knowledge of the human mind and what criteria we &ke to formally
define this kind of irreducibility.

In other words we have yet to know if speech predusome kind of
“special” thoughts, how much of human cognitioneslksuch “special’
thoughts and how can we be sure that this “spgtiadt not just a
speculative assertion which is not able to be ptdweexperimental.

We will see that is not always possible to answethase questions
and that the answers often generate more probléans they solve.
Something, however, can be said.

We will start from understanding the sense in whiobgnition
produces spoken thoughts that are irreducible deettproduced by other
forms of cognition, the “special” thoughts. Imagirfier example, to think
about what we have to say, having to support aud8on on a given topic
with another partner or having to expose a unitericture to our
students. Immediately in our minds, busy and tunaus thoughts arise,
silently waiting to take a structured, distributatt stabilized form.

We have already to face the first problem. The iirsgeeech is a form
of speech? What exactly is the inner human languagee of? Defined
phrases ready to be “copied” by the pronunciation writing?
Syntactically ordered strings of linguistic symiibBeep structures in the
chomskyan sense of the term? Semantic nuclei ttetinaicative but
undefined compared to a non-linguistic contentofight?

Each of these solutions leads us to a dead engitBdkeir apparently
explanative charm, all of them can be traced to shme fundamental
error; they require the precedence of concepts averds and the



Speech: A Cognitive Perspective 7

essentially cognitive useless of speech. Eithécapy” the phrases in the
way they come to our mind, or to transform deepcstires into superficial
structures, or to have in a grammatical order thiéswalready equipped
with semantic contents, it means that we are taéingl a thought into a
form called “external” decode.

As we know since Saussure and Wittgenstein, theted’ (Tomasello
1999: 24) of the modern semantics is the definit@eunciation of the
nomenclaturistic idea of the meaning.

For Wittgenstein there are no thoughts, ideas, etsc leaving their
act of dialogic establishment. For Saussure irff‘plsgchological” point of
view there is nothing distinct in thought before tinguistic sign. Non
linguistic thought is an amorphous and nebula maks. specific role of
language is to interface thoughts and sounds. $erse, these are the
axioms that have defeated forever what Popper cate “positivist
dogma of meaning” (1934: 13-20). For J. Walter Gimg dogma is the
result of written culture, of the “chirographic atygbographic” man, who
“tends to think about names as labels mentallygubsd the determined
object” (1982: 61). This is a fact entirely foreigm primary oral cultures
where “words like these do not have a visual preseeven when the
objects they represent are visibld3.(59).

But | believe that this can no longer be sufficientthe present
perspective of cognitive sciences. We must go &urtbwards a theory of
speech as apecific form of ontological knowledgé may be seen well if
we eliminate everything is phatic communicationpare tautology from
our linguistics investigation corpora, and we drign the analysis of
complex speech. We should deal with what Bergsdlieccdthe thought
that focuses” in opposition to the “thought that emjoy life” (1919: 120).
The last kind of thought is not yet grammaticalinedexicalized, it is the
dynamic thought in search of a step of stoppinghis direction we might
take another solution to the problem of inner sheec

the inner speech that positively occurs to us i fitrm of conceptual
labels, isn’t the speech yet, and cannot replaas & form of “conclusive”
cognition, because, negatively, it is just thedadll prohibitions, the sum
of all that we exclude from the new idea that weulddike to convey.

In this idea, still pre-theoretical, the role oéthpeech is to move in a
competitive environment between the inner speect Hre explicit
articulation. This is an active role and it is @ueible to any other mental
task. It implicitly requires us to move not in acdance with the beliefs—as
we normally do—but in constant conflict with thein. the ontological
physiology of the spoken cognition what it is nebkde be carefully
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evaluated is the competitive “weight” that word&eta not what they

assert, but what, meanwhile, they deny. Not evesydwencapsulated in
speech matches to a truth-belief, but to a setedfjlvts and limitations of
various nature, which we will call “ontological.” Nén we articulate them
in speech we strive to build knowledge that is westricted by this set of
weights, but not enough to prevent the sentencertte out, that is to say
to declare its match to the “truth” more than its ar aspire to it.

Now we get to the point: what does “ontological gigiand restraint”
mean? How can we determine the nature of the lilmita that we feel
when we spontaneously speak? Not using the praaipltruth that is
embodied in the “pathological” idea (Pennisi 19@8fording to which
stating a given state of things, at the same tiwe,always declare the
correspondence to an apophantic belief (or assgrtiv

In the same way, we cannot state its negationtie tive exclusion of
the programmatic specificity of the speakable. ®héological nature of
the weight we feel when we talk is rather attritgato a kind of
“principle of real” (Janet 1903). We have at lgassuppose that the nature
of the limits that we feel when we carved out thace of the speakable is
more determined from the awareness of what we dgclhat can be said
rather than from what we include in what is expeéss

The ontology of speech, on the other hand, is nogrammable: it is
realized only in the moment we speak, not beforafr. For this reasons
it is a “special” cognitive activity, even differerfrom the interior
language. In one sense, in a different way from3hassure’s metaphor,
which considers speaking as a shape cut out witis@s from a sheet of
paper, from a cognitive point of view speaking Isakore like sculpting
with a chisel tip an amorphous block and turningptb an object with its
own meaning. The accuracy of the directions ancetlges of the scissors
on the paper are predictable and in a sense progmhta (eg the
techniques of clipping games or origami). The strok the chisel, even
when it is given by a great sculptor, cannot have same kind of
precision. What happens when the hammer strikesttisel is that part of
the subject of that block is excluded, it is nogenpart of the block. The
set of all the blows of the chisel produces a nedisesidues that form the
basis of the object that is been produced, andrthdbnger are part of it.
The statue was never that of the Madonna, thabld@ous, that wader
that we had in mind . Less than ever is the Madptiradiscoboluous or
the wader in themselves, their prototype, their @wage. It ‘s simply the
result of all the excluded fragments, of all stdlakes that are no longer
part of the idea of that Madonna, of that discobs|oof that wader. The
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triumph of the limitations and weights that hindlee freedom of thinking
is exactly this one. To quote Wittgenstein:

The sentence, the image, the model are in the inegs¢nse, as a solid
body that restricts freedom of movement of othera positive sense, like
space, bounded by a solid substance, where a bady ah place
(Wittgenstein, Tractatus, 4463).

Here, this is speech as an ontological form of @an

3. Speech as embodied cognition

We followed so far the philosophical formulation tife problem,
which is not, however, acceptable in the stricinteiof a cognitive model.
Yet, it is an essential idea that is worth leadiagk to formalized rules.

Indeed, if the speech is a form of specific cognitiit has to deal with
all the methodological requirements that cognitbegences preliminarily
impose to any other form of cognition.

Then we need to wonder if:

— is it domain-specific? is it modular? is it innate?

— Is it ethological species-specific?

— Is it biologically species-specific?

— Has it an evolutionary explanation?

— can it be investigated with experimental methods? E

This is a set of questions too complex to have lfereslsewhere) a
comprehensive answer. One can only say that aptiig we are playing
a decisive game in the cognitive sciences in whiglanti-linguistic soul,
not negligible, is meandering. Since in this geher@aw my position is
strongly anchored to the centrality of linguistimétion in the reconstruction
of species-specific cognitive form offomo sapiens| will try to
summarize, quite briefly, a series of answers @dteat questions posed
here, with an eye to the experimental demonsttgbdf what | say,
assuming the responsibilities of these views.

3.1.

The speech is based on morphological peripherical aentral
structures that are biologically and ethologicalhgcies-specific (Lieberman
1975, 1984, 2002, 2003, 2006, 2007, 2008). Thelvomet of theSapiens
is “technically” qualified to provide the corticand sub cortical brain
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structures an executive hardware suitable to thelagical function we
first described. This ability of adaptation is cheterized by: the speed of
the sensory-motor control system of language; atsiqular physiological
interface with all the systems of parallel recoigmitin the perceptive
systems (Friederici and Kotz 2003a.b; Pinel 2006.);eits possibility to
be adequate to the process of optimizing the shateghtion in the
cultural relations with co specifics (Edelmann 19%®runer 1983;
Tomasello 1999). If we consider the writing as amation of speech,
then we must include among the ethologically spespecific
characteristics of speech also the simultaneoevdrsible processes of
social learning, and the innovation that followdiethh has made possible
the development of technologies and systems of aamwation, and thus
the spread of the complexity of social systems (Bagd Richerson 2005;
Diamond 1992, 1997, 2005).

3.2.

From an evolutionary point of view, we must distiigh between the
structures and functions of Speech.

The structures have definitely evolved from a psscef gradual
evolution compared with the Primates and, more igdiye to mammals.
Both genetic traits so far identified as respormsibl the motor oro-buccal
coordination (FOXP2, cf. Enardt al. 2002; Scharff and Haesler 2005;
Falzone 2004a-b, 2006), and central morphologiaaditst as the
hemispheric asymmetry (Crow 2000; Pennisi, PlelikFaizone 2004), or
the sub-cortical components (Lieberman 2003, 22067, 2008), and the
morphological peripherical traits such as the lamgiof the glottis (Fitch
2000a.b, 2002; Fitckt al 2001) and, perhaps, the structure of the hyoid
bone (Arensburgt al. 1989), were found in earliest stages and species.

As regards to the functions of the available da# we have till today,
we can only be inclined to the chomskyan hypothesian evolutionary
leap (but not-specific as Lenneberg 1967 would)likdese data relate in
an overwhelming way, to the times of the developnaéniechnologies, of
art and other forms of symbolic culture that evdis® rapidly over the
past hundred thousand years, after millions ofs/efistasis. Of course, it
is not obvious, or at least has yet to be demawestran detail, the
relationship between specific cognitive form of eple and development
of: 1) forms of writing, 2) forms of logical-mathetical cognition, 3)
technologies, 4) religions, 5) systems of legis@todification of rules, 6)
forms of artistic creativity. It is not possiblepwever, to overlook the
chronological data, which equate the origin of ¢hderms with the
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presence of forms of spoken communication (Leroin®an 1964;
Tattersall 1998 etc.). The technical shape of thidden evolutionary
development of skills and the forms of upper knalgle should be that of
the exaptation.

3.3.

From the point of view of the mental architectufespoken cognitive
form, it reflects what we said about its evolutipnprocesses.

Under the profile of the phylogenetic architectdhe structures of
speech are certainly innate. This is a given thetolnes interesting if
considered in the evolutionary biology’s view. Tigsin fact the biggest
lesson of modern evolutionism: the organisms arel ittdividuals are
those who fit and not their structures in isolatias if they were self-
sufficient. To study the vocal tract that can “teiclally” produce the
speech, or to study the asymmetrical brain of aiepe means to study
also its relations with feet and hands, with thesoferskeletal system,
with the structure of the circulatory, respiratorgigestive, nervous
systems: in short with all the patterns that hastedsring the evolutionary
history of the physiological type of the species.

The same is true in terms of functions. An anirhat is able to speak,
not only communicates differently, but also peresivn a different way,
thinks and remembers in a different way, wantss gatited and acts in a
different way, is differently related with its cqegifics: he came to this
condition through the inexorable interplay betwedvance and natural
selection operating in the course of those thatmBattista Vico called the
“‘immense age”.

Finally, it is necessary to add to this already ptax architecture, the
weight of the sociogenesis that speech introdutesiirreversible manner
in the specificity of the human animal. No othernfio in fact, ofsocial
learning occurs, through the introduction of an interacfimamat between
co specifics based on the spoken explanation ofieting relationships,
whether they are conscious or not. The exploitatbrihe ontology of
speech goes far beyond ttehared attention as stated by Michael
Tomasello.

First of all, because it is an interaction thattta level of prosodic
structure and then at the level of the discoverythef suprasegmental
semantics is already determined in the pre-natdbgeas it is already
demonstrated by a vast amount of studies (Eietaal. 1971, Evrard,
Lyon and Gadisseux 1984; Fernaldal. 1984, 1989, 1991; Tomatis 1972,
1981, 1987, 1991; Mehler 1989; Mehletr al. 1978, 1986, 1988, 1990;
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Trehub 1990). This is a species-specific embryogisnéhat creates a kind
of auditory-vocal cognitive “formatting” in humarpecies (Granier and
Deferre Lecanuet 1987; Pennisi 1994). Today thpeetsis studied in a
phylogenetic perspective (Falk 2009).

Secondly, because, even with intact phylogenetiacgires human
children need to listen to human speech to turtherninguistic function.
We know that theenfants sauvagea®ot only do not speak, but they don't
even walk on two legs. As they need to see someaitigng, in the same
way they must listen to some conspecific speakinignitate him (Pennisi
2006).

Third, because through the speaking in turn acdqusethe practice of
speaking, the relation of “joint attention” is tedormed into an interior
discipline that, Tomasello, rightly, acclaimed exanarily based on: (a)
the action that is being done in that specific moiné) the continuous
inversion of the roles of communication, (c) thehiagement of the
sharing of the goals , (d) the intersubjectivity tfe contextual
comprehension. Without the specificity gfioken cognitionnone of this
would be possible.

Finally, it is necessary to consider that the dpmtyi of the spoken
cognition as a “social learning” is now connectedlmost all the cultures
of the written form, which can certainly be consa&tk as its formal
derivation. This form has a double ethological ealua) contributes in a
definitive way to the final cumulative effect of d&wledge and its
transmissibility by the subjects that express )ittHe very way to practice
the oral cognitive function changes, for being &bléake advantage of an
“infinite memory” (dictionaries, handbooks, databssetc ...).

In any case, the functional architecture of theokgm” mind can only
be based on a “ weak modularism” toward which todeny currents of
contemporary cognitivism converge . The questiorunderstand is no
longer this one- as claimed by some philosophemniofi—“how certain
cognitive functions which have no linguistic naturpredominantly
mediate the exercise of the linguistic functionexam” (Perconti 2006:
22), but exactly the contrary, how the speciesifipgg of linguistic
function converts into a new mental organism theletof the cognitive
functions that are not primarily linguistic in negu Speech, on this
subject, is a form of a specific pervasive and fatiwe cognitive activity
(Hjelmslev 1943). The mathematical problems, theative content, the
artistic forms and the interactional activitiesyddife and the more strictly
rational one, the ethical decisions, the religiansl political beliefs, the
“faith” can also have an “evolutionary history” be seen as answers to
problems of evolutionary nature (reproduction, deée achieving fitness).
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But since we recreate them and continuously exogetlhem in the
cognitive activity opponent to the speech, thewlfinlose any previous
relationship and they become new episteemntergencytems.

3.4.

The cognitive ontology of speech is, potentialiyllyf experimentally
demonstrable because it is not connected to anjistaaassumption.
Naturally, this is today a research project, tkatat the present, the most
interesting of the cognitive sciences of langudge.the moment, we can
highlight only a few lines of research (among many)

1) Peter Hagoort's researches (2005, Hageotral, 2004) on the
processes of integration between semantic knowledge
knowledge about the world (Word Meaning and Worlibi¢ledge
in Language Comprehension) based on the neuropbggiof the
evoked potentials.

2) Yosef Grodzinsky’s researches (2000, 2006, Gns#ly et al, 2003
and 2006) on the new theory of the Broca’s area.

3) The new psychobiology studies on the speecluitsrcbased on
non-brain-centric assumptions about the neuroplygjoof the
methods of transmission of the sensory data frorargimg in the
Eighties (but still ignored by linguists). See Rir{@¢006) and
Friederici and Kotz (2003a).

4) The studies on temporality in neurobiologicabgasses and their
strange diseases, which took off from the reseafcBenjamin
Libet (2007).

5) The studies on domain-specific language areastifted by the
research of molecular genetics of the school iddléa, California
(Arshavsky, 2006).

4. Conclusions

What | have presented here is, of course, only undop of all
problems and issues to be addressed, which hasti@lhaim to bring
clarity and organizing a number of future resegnadgrams. The direction
of researches in cognitive sciences is how uncert@re than ever. The
idea that cognitive processes can be fully simdlaby algorithmic
procedures belongs indeed to the prehistory ofdikeipline. There are,
however, many reasons to believe that this idegivag in other forms,
both in neuroscience and in neuropsychology, artdérsame philosophy
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of mind. The crisis of classical computationalises mot quite erased the
notion that transcendent thoughts, independentepéons, universal
operations and procedures, mental states of a pkgibal nature do
exist. Similarly, the modular ideal underlying sedire engineering has not
ceased to exert its fascination in the Theorics adgnition.
Computationalism forwarded to neuroscience the iofea brain-monad
which is divided into areas-monads producing fuoretinonads and to the
philosophy of mind the idea that the set of all thenads which make up
our cognitive system is itself an unconscious nmatarad.

In the last twenty years, with these artificiaisind anthropocentric
residues we are measuring the evolutionary bioltti tried to move
again the final objective by placing the brain—#szendant metaphor of
the current cognitive sciences—inside the livinggamism. This is the
biggest lesson of the contemporary evolution: oigras and individuals
fit, and not their structures in isolation, ashéy were self-sufficient. This
lesson has pushed to strengthen the investigafitimeddiological basis of
language that find in the centrality of the speenk of the turning points
of the future research program:

We must succeed—in the words of G. Edelman-to dieclbiology in
theories of knowledge and language [...] develogingpistemology from
biological basis, a description that explains a tight of the facts of
evolution and developmental biology the way we knand realize (1992:
390).
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