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The decades following the publication@h theOrigin of Speciesvere the final flourish
of what can reasonably be viewed as the centurlisibry. The grand ideas of the
nineteenth century built on what had been develapettie eighteenth and focused on
documenting and understanding changes in spe@aguages and political systems,
changes through time - history. People workindeids that we now call evolutionary
biology, linguistics and political science read leaather, talked to each other and
converged to develop common ideas on the naturehafge, which led to common
successes and common failures. The central conlityowas that Darwin, Marx and the
philologists, mostly German, thought that there evgeneral principles of history to be
discovered. That belief brought some successetumgd out to be a chimera; the new
fields failed to achieve the explanations that hadn sought and twentieth century work
largely turned away from seeking to explain change.

Now, almost two centuries later, there is a newssidisciplinary focus on change
through the lens of complexity science, focusing pdrase transitions and emergent
phenomena in disparate domains. This belongsfamdy of ideas that includes earlier
work on catastrophes and chaos. Again evolutiobhmipgists, linguists, social scientists
and now physicists and chemists are reading edukr.otWhere complexitgcience
moves beyond the level of metaphor and developsnimgdal principles that might
constitute a complexityheory, then it may usher in a new century of historyt thdl
achieve greater explanatory success, offering tlespect of cross-fertilization with
complexity theories across the domains of phydislogy, linguistics and the social
sciences.

Here | will look at the triumphs and failures ohateenth-century linguistics, suggesting
that they have analogs in biology and politicaleace, and show how the current
century’s focus on tipping points and emergent phena opens new prospects if we
construe the language faculty as a biological entiA key difference is that the early
work took languages to be social entities in theldvoutside, while we take languages to
be mental constructs growing in the minds of indiixal children.

The compar ative method

It was clear that God did not place the languageth® modem world where they
are now spoken, and the historical record shows thay evolved from earlier
forms. This view, articulated clearly in the eigbhth century, has never attracted
the attention of the "creationists,” who have ergghgvolutionary biologists.
People thought that we might be able to find prgifiow languages developed from
one another. A central idea was that if one cawuderstand the sound changes that
transform words as they are transmitted from gdrmrao generation, so one might
understand the historical relationships among laggs and how a language
descended from some earlier language. The upsh®tawaentury of research, which
discovered much about sound changes affectingieEuropean languageés.



The word for ‘father’ in the Romance languages rienEhpere Spanishpadre Italian
padre Sardinianpatre, Catalanpare, Portuguesepai, all transmogrifications of Latin
pater. The Germanic languages have similar, but diffeveords: Englistiather, Dutch
vader, GermanVater, Danishfader, Gothic fadar. Compare very different words for
‘father’ in other languages, where the words domote a common ancestor (as far as
we can tell): Chineséuqgin, Japaneseiti-oya, Basqueaita, Finnishisd and Korean
apeci. The degree of similarity between the Germanic andhBnce forms reflects
the fact that the Germanic languages are histdyicalated to each other and are also
historically related to the Romance languages, gholess directly. And much less
directly to Chinese, Japanese, Korean, Basque emiSh.

Such observations had led Sir William Jones, aid®rijudge who had worked in
Calcutta with the East India Company, to specul@®mously in an after-dinner
speech in 1786 that Greek, Latin and Sanskrit ardlag in ways that indicate that
they descended from a common source, which mighlionger exist. The key idea
here was that the source language was not Hebransk8t or Latin but rather a
hypothetical language that no longer exists. Aiaal, corollary axiom was that
languages change over time and that new languagesoastantly emerging: modern
French and Romanian evolved from forms of Latinpddiand Urdu developed from
forms of Sanskrit, and Latin and Sanskrit were batiigrowths of an earlier source
language for which we have no records.

That idea was taken up passionately in Germany,reviseholars deduced many
properties of the hypothetical source language thatnow know as Proto-Indo-
European (PIE). The PIE word for ‘father’ was eotsyllable word and the initial
segment was a labial consonant, probaply/p/ in Romance, /f/ in Germanic),
followed by an open vowel and an alveolar consoniduein some kind of vocalic

Words are transmitted from one generation to the,nend they may change their
form over time. By examinin@ORRESPONDENCESas in the Romance words for
‘father,” linguists developed the comparative methand postulated that languages
are historically related to each other to greatelesser degrees, and that they cluster
in families. English and Dutch have more cognateds, and the cognate words are
more similar to each other, than English and Sgarge English and Dutch are more
closely related, even though they have plenty ofdgdhat are not cognatkike and
Dutchfietsrefer to the same object but do not have a comanmin. This reasoning
was the comparative method, the only real basisdoonstructing the properties of a
hypothetical proto-language.

In 1863 August Schleicher published a short bookDamwinian theory (Schleicher

1863) and he postulated what we now call cladogrdarstrees), indicating the

genetic relationship among language families, baseda rough quantification of

cognate words, shared derived characters or “synapghies.” Such language

cladograms are comparable to classifications oamctl species and genera in the
Linnaean system and reflected the cross-discipflimancerns of the late nineteenth
century.



PIE

Aryan-Greek-Italo-Celtic Germano-Slavic

Greek-Italo-Celtic

Aryan Italo-Celtic Balto-Slavic

Indic lranian Greek Albanian ltalic Celtic Slavic Baltic Germanic

This is the cladogram for the earliest stages efitidlo-European languages proposed by
Schleicher. | have anglicized and modernized sorhehis labels. The tree is
incomplete, of course: many languages that | hatespecified fall under Germanic,
and Celtic was subdivided into two groups, Brytlwordand Goidelic, the former
consisting of Cornish (which died out in the eigimth century), Breton and Welghge
latter embracing Manx (which died out in the nieetid century), Irish and Scots Gaelic.
The tree expresses the idea that, say, the Cahiguages are more closely related to
the Latin-derived "ltalic" languages (which we neoall "/Romance": Italian, French,
Sardinian, Spanish, Galician, Catalan, Rumaniang,) ¢han the Slavic languages
(Polish, Russian, etc.) are to either; and thaBdléic languages (Latvian, Lithuanian)
are more closely related to Germanic than to Cehliit not as closely related to
Germanic as they are to the Slavic languages. Andrs This was the first tree
proposed for the Indo-European languages or, i) facany language family. We have
no records for any of the parent languages and awe doubt that Albanian and Greek
represent any kind of unity, nor Italo-Celtic. @me other hand, some features of
Schleicher’'s cladogram remain undisputed and matgtionships not specified here
have come to be established convincingly.

These cladograms idealize away from the fact thagllages do not split sharply and
suddenly emerge in their full individuality. Thelgting process is more gradual
and complex, and is initiated by relatively minavedgences. Languages are dynamic
systems and not organic entities: there is no Istgudistinction between a dialect
and a language, so there is some arbitrarineshiat we call a distinct language. We
might say that the first change that affected, dagtin and not any of the other
languages is the bifurcation point, the point aickhLatin suddenly splits. But that
is not enough. Saying that French and Italiande®cended from Latin glosses over
the fact that they descended from different fornisLatin, and that “Latin”is a
cover term for many different forms of speech. @sesult, the conventional tree
models of historical linguists would require vasab®mration to be equivalent to
modern, biological cladograms, which are usuallgdzh strictly on the molecular
structure of organisms.



Not only do these cladograms treat languages inatggegate as if they were organic
entities in the outside world but they capture dmynologies, features “inherited” from a
common ancestor, and not analogies, features @risgependently through common
responses to environmental similarities. Humanaresthair and a warm-blooded
physiology with chimpanzees and mice as a resudivofutionary history, or homology.
Birds and bats, on the other hand, both fly by @mgl they have a very different
evolutionary history, bats being mammals. Simyldahguages share features because of
a common ancesti®ND because of common developments.

There may be common innovations that have nothinda with a common history.
To take a trivial example, many historically untekh languages have a word for
‘television’ that sounds much like Englistelevision During the period of the
Scandinavian settlements, English drew many commonds directly from the
language of the settlerbait, bull, egg fellow, give hit, husbandlaw, low, loose meek
var, Sister skin sky take wrong English took much from French during the perafd
the Norman occupation, musical terms from Italumdit thug andcalico from India,
and moccasintobogganandtomahawkfrom American Indian languages. This kind of
commonality, due to factors other than a commonohys is not expressed by
cladograms, linguistic or biological.

Nineteenth-century linguists developed rich hypst#eabout the words of PIE but
much is speculative; the further back we go, therenore conjecture. The Indo-
European and Semitic languages probably descerdad & common source, which
predated PIE, but iis difficult to be confident in what the words for tfeer’,
‘mother’, etc. were. Indeed, it is likely that hamlanguage evolved just once, in
East Africa, and that all the languages of the doderive from that single
evolutionary step and are historically related. Wédieve this because the human
language faculty appears to be uniform across teciss; if it had evolved at
different times in different places, one would eapéo see different faculties in
different groups, as one sees different visualesystthat have different evolutionary
histories.

However, trying to reconstruct very ancient supeifees, like a common ancestor for

Indo-European and Semitic, is precarious. Somehefreasoning is based on the
genetic affinities of speakers, and this is quitdidus. South Indians are closely
related to certain African groups genetically bbtsttells us nothing about the

languages, because linguistic and biological affitins do not necessarily correlate.
English remains a northwest European language, thagh it is spoken by people

from southeast Asia and Australia; and it would aema northwest European

language even if a cataclysm were to eliminate iEhgipeaking communities outside

the southern hemisphere. Modern Hebrew is a Sehaitguage even though it has been
influenced greatly by Indo-European languages.

The Nostratic superfamily has captured people’sgimation and has been treated in
long articles in popular magazines. The term istdudolger Pedersen but the idea of a
superfamily goes back to the nineteenth centurgnrid Sweet (1900) argued that the
Indo-European family came from the same sourcelagian” (Finno-Ugric), "Altaic”

(which included Turkic, Mongolian, Tungusic and dapse) and Sumerian. Nostratic



has changed over the years. A recent taxonomy (Bodn 1990) includes Indo-
European, Kartvelian (south Caucasus), Afro-Asjafi@lic-Yukaghir, Elamo-Dravidian
and perhaps Sumerian. Others have added a Koggmmdse family and a new
Chukchi-Eskimo group. From there it is a smallpste "ProtoWorld,” which has
also been advocated by more imaginative colleagBesponents of Proto-World assume
monogenesis for all the languages of the waNd assume that it can be demonstrated
through the surviving properties of recorded larggsa The first assumption is probably
right but the possibilities for reconstruction @@ limited for us to know peculiarities
from so far back (Ringe 1995).

There has always been a tension in reconstructank,véome linguists claiming to be
reconstructing prehistory and others taking regotibns to be abstractions that express
relationships among existing languages (see thatddietween Lightfoot 2002a,b and
Campbell & Harris 2002). That tension was highgsen language study was entirely
historical, as in the nineteenth century, and thig question to ask about a language was
how it got to be the way it is. At the end of thentury Hermann Paul (1880)
pontificated that ‘it has been objected that theranother scientific view of language
possible besides the historical; | must contraithist’

Work on the history of languages first became cdntr Germany, and it grew not
only out of Sir William Jones's insight but alsorfr a general intellectual movement of
the late eighteenth to mid-nineteenth century twat call "Romanticism.”" The
Romantics focused on ethnic and cultural originsarious phenomena. Since race,
language and culture were seen as closely rel#tedeconstruction of the prehistory
of Germanic was attractive to the Romantic tempematm These links were quite
clear in the work of the linguists Herder and Grimm

Laws of history

Nineteenth-century linguists studied similaritiesn@ng cognate words, words
derived from the same historical source; this weeshasis for establishing historical
relationships, and then for establishing the soghdnges that derived one form
from another historically. As the century progmessthey formulated historical
“laws” with ever greater precision. To get a taefethe enterprise, we can track
one matter in some detail: the shift in the Germmaoonsonant system, which
became famous as “Grimm's Law.”

In 1822 Jacob Grimm, one of the brothers who coddcfairy stories, and who

was also a philologist, revised hBeutsche Grammatilbby adding a 595-page

account of the phonology of 15 languages. He eafd the Germanic consonant shift,
formulating a historical cycleKeislauf ‘rotation’). He observed that the ancient
languages showed a voiceless stop (the soundsseperl roughly by the letteps

t, k) where Germanic languages such as Gothic and Ergjlislved a corresponding
fricative (f, th, h).

Sanskrit  Greek Latin Gothic Esig
p pod- ped fotus  foot
t trayas treis tres threis three



k kardia kor hairto heart

Similarly, where the ancient languages showed aeebstop, Germanic showed a
voiceless stop.

b turbe  turba thaurp thorp
d dasa deka decem ten
g agros  ager akrs acre

And where the ancient languages showed an asf@ateop pronounced with a puff
of air and writterb", etc.), Germanic showed an unaspirated voiced stop.

b" barami  Pero  fero baira bear
d" da- tif'emi  facio do
g"  stid- steiko steiga go

Grimm took the ancient languages to manifest thesconants of the hypothetical
parent language, PIE, more or less directly. Tlamifestation was not always direct:
the PIE voiced aspiratef andg” were realized as voicelets(written 6, theta) and”
(x, chi) in Greek, the aspiraté8 andd” as avoiceless fricative in Latin. This meant
that there were some changes between PIE and ttienananguages. Grimm was
interested mostly in the changes between PIE ang E&ermanic, viewing them as a
cycle.
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There were exceptions, cases in which the hypabesiorrespondences did not hold,
but he showed no interest in them. Others wereemoterested, however. Two
generations of scholars sought to address the ganspsystematically, and succeeded
with a discovery by Verner fifty years later.

There were three classes of exceptions. A voisedesp did not change to an expected
fricative if preceded by a fricative; so Germaniwows ist (rather thanisth with the
expectedth) where the ancient languages hagt esti and asti for ‘is.” Second, the
mathematician Hermann Grassmann showed ingeniotly PIE must have had
aspirates where the ancient languages showed vsiopd, as in the initial segments of
the Sanskrit words for ‘daughter’ and ‘offedfihitz andbod'ami, so one is not surprised
to find Gothicdauhtor and biudan Third, in 1876 Karl Verner observed that certain
voiceless stops in the ancient languages did noorbe voiced stops in Germanic, as
Grimm’s Law would lead us to expect, but becameewifricatives. So Sanskpitar,
Greekpater and Latinpater show two voiceless stops, indicating that the ooasts for



‘father’ in PIE werep-t-r. The first of these stops behaved according imfais Law
and became a fricativiein Germanic: Gothidadar, Englishfather, etc. However, the
second stop, thig did not become a voiceless fricative as in Ehghsn; unexpectedly, it
became a voiced stapin Gothic. On the other hand, the word for ‘beathworked as
expected: Sanskrit shows a mediébhrata), which corresponds to a voiceless fricative
in Gothic prapar). Verner showed that the different historiesh@ tmedialt in ‘father’

and ‘brother’ were a function of the phoneticsltaf tvords: in one case the ancient accent
preceded the (b"rata) and in the other case it followegitér). This observation, not
surprisingly, entered the canon alongside Grassimdmamw, as Verner's Law.

Verner's triumph in rendering Grimm’s Law excepliess made 1876 thannus
mirabilis, yielding the two theses of the Neogrammarianat #ound change is regular
and exceptionless and that it is phonetically comgéd. The Neogrammarians
represented the conceptual culmination of the agr@h century and they had a profound
influence on the twentieth: American structuralisssentially translated the two theses
about historical change into principles for syncficoanalyses, whereby abstractions
were limited to surface, phonetic factors.

Explanation

The triumph of nineteenth-century linguists laydescribing phonetic changes that words
undergo from generation to generation. There weoblems with the descriptions and
there were changes that were not phonetically ¢tonéid — they were assigned to a
different category of change, loosely defined agmtfagy” — and some changes, like those
described in Grimm’s Law and the Great Vowel Shoft Middle English, were
systematic, properties not just of individual sosirfalit of the whole system. Also,
languages were, in effect, taken to be only cabest of words and there was no work
done on syntax in anything like the sense we umtaedsit today. Finally, referring to
individual sound changes as “laws” was a misnotmecause they were not general laws
like Boyle’'s Law and explanations were needed fbtwywhey applied when and where
they did. Therein lay the principal failure: byetlend of the century there were
impressive compilations of changes that had ocduste for no apparent reason.

Contemporary linguists struggled with this fail@ed paid much attention to matters of
explanation. There were, at the time, two modélexplanation: Newtonian mechanics
and Darwinian selection. Newton saw phenomenaeasritbable by deterministic laws
of force and motion, such that all future stategewen principle, predictable in a
“straight-line,” linear fashion from a complete kmedge of the present state. This
inspired the notion of sound laws to describe tlstoly of changes and Franz Bopp
offered a mechanical explanation of vowel change@tsoking a “law of gravity” and
postulating that syllables had different “weightsDarwin was inspired by work on
language history and he, in turn, inspired linguigte Schleicher to treat languages like
natural organisms, plants and animals, identifyiogges that would make languages
fitter. Languages, like species, compete in aggiel for survival and there were
inexorable laws of change to be discovered. Darwimself thought that languages
tended to change in the direction of having shotesasier” forms and that this could be
explained by natural selection (Darwin 1874).



Nineteenth-century linguists knew that languagéeotéd psychological properties, but
there was a strict demarcation between the wolikgtiists and that of psychologists and
contemporary ideas were problematic (Lightfoot 19682). Grimm, for example,
adopted a mystical belief in a Hegeli@prachgeistwhich had some existence above and
beyond individuals (Grimm 1848). He explainedlhig of consonant shifts as

Connected with the Germans’ mighty progress anaggte for freedom ... the
invincible German race was becoming ever more Wyvidware of the
unstoppability of its advance into all parts of &ue ... How could such a
forceful mobilization of the race have failed tar stp its language at the same
time, jolting it out of its traditional rut and dkiag it? Does there not lie a certain
courage and pride in the strengthening of voicexb shto voiceless stop and
voiceless stop into fricative?

Apart from this kind of thing, linguists generattyd not appeal to psychology to explain
historical changes. Instead, as thinking in thentary of history” demanded, there were
independent laws of history to be found. Grimn@Gassmann’s and Verner's laws
operated on the sounds of languages and were regaufén the relationship between
corresponding words in different, historically tteld languages. They required a deeper
explanation and changes were taken to diectional as in biology, where the
replacement of one species by another was takegstdt from a mutation that yielded an
organism more successful in the struggle for saiiva particular environment.

There was consensus that language change followed dievelopmental laws and that
there must be a direction to change but there wtgeadisagreement about what that
direction was. Rasmus Rask held that languagesnteesimpler; Schleicher identified a
progression from isolating to agglutinating to @diional types, although this was said to
hold for preliterate societies, whereas Rask’sedtossimplicity held for literate societies.

By the early twentieth century the data of lingastcomprised an inventory of sound
changes occurring for no good reason and tendimg iagreed direction. The historical
approach had not brought a scientific, Newtonigfesanalysis of language, of the kind
that had been hoped for; there was no predictalitit changes. The psychological
moves could not provide the necessary underpinn@mnsequently the program was not
viable and there was no science of language hisatymet nineteenth-century demands.
The main problem was that the demands were tootmmbi

For all the talk of directionality, nineteenth-cernyt linguists seem not to have been at
ease with it; certainly their analyses allowed pgarticular, contingent factors. After all,

under certain circumstances some forms of spokeim developed into some form of

French, and under other circumstances other fofnhistin developed into Spanish and

Sardinian; there was nothing intrinsic to Latinttiveade it develop into French.

As we have noted, the deterministic view of histottye idea that there are laws
determining the way that history proceeds, is éntek of the nineteenth century. We
have seen how it guided the study of language tapldyed a role in the development of
Darwinian ideas and in the domain of political bigt

Darwin read the linguists and vice versa and MagichtedDas Kapitalto Darwin.
Marx too had an interesting theory of change, wineideas are socially embedded and



are amended through conflict, through the clasthe$es and antitheses. He understood
social change and revolution in terms of small litssto a system building up until the
system breaks. However, he built on eighteenthucgrideas that there is a political
science a science of the relationships of human being®doh other and to their
environment, and was very much a nineteenth-certhinker, caught up in notions of
predestiny and determinism. He developed histod@as predicting that a feudal
society must necessarily develop into a mercansibsiety, a mercantilist into a capitalist
society, capitalism into socialism, and socialisittoicommunism. For Marx, the real
task of economics was to explain how society euwbleeer time. At his funeral, Engels
eulogized him: ‘Just as Darwin discovered the ldwewolution in organic matter, so
Marx discovered the law of evolution in human higto

The nineteenth-century historicist paradigm — tlméiom that there are principles of
history to be discovered, which would account folanguage’s development — was
largely abandoned in the 1920’s. Indeed, there avagrulent anti-historicism in the
writing of structuralists like Franz Boas, Leon@tbomfield and Edward Sapir. They
worked on language change, showing that the cortiparmethod could be applied to
the unwritten, indigenous languages of North AnwriBloomfield worked on the
reconstruction of proto-Algonquian for most of kereer. They also perpetuated many
of the analytical procedures of historical lingsish their own synchronic work.
However, they abandonedistoricism and with it the earlier program of seeking to
discover how languages came to be the way they @hee historicist program wasn't
really refuted or shown to be seriously inadequedther it was abandoned as yielding
diminishing returns. The paradigm had turned tgcpslogy to avoid a built-in
circularity and then collapsed because of the igadey of the psychology invoked.

The synchronic work of the twentieth century depeld ideas about the structures of
language, going beyond ideas that languages wesently just collections of words.
The second half of the century developed new appes to syntax, distinguishing
properties that are intrinsic to the organism frénose that arise as a result of
environmental influence, and distinguishing betwesxternal language in the world
outside and internal systems that develop as fpaah ondividual’s biological make-up.
This, in turn, has opened new approaches to chawgetime.

Poverty-of-stimulus reasoning and the linguistic genotype

This year we celebrate Darwin’s 20®irthday and the 13Danniversary ofon the
Origin of Speciesbut we are also celebrating the T5@nniversary of the major
publication of Gregor Mendel's work on pea plantsl éhe idea of genes. Syntacticians
follow Mendel’'s reasoning from the poverty of th@railus in identifying factors that
must be built into the organism in advance of eigmee and cannot be derived from
experience. This entails that we postulate pragsethat hold of all humans intrinsically
and that affects the way we can address Darwini@stgpns about diachronic change.

When children develop language, they do not acdairglish or Japanese but rather a
private system that enables them to communicategligh is not a biological entity and
its sentences do not constitute a recursively enaipie set. This can be seen most easily
by considering a sentence liiehn might could drivand asking whether it is a sentence
of English; the answer is that it is in Alabama bat in Alaska.



Children do not just imitate what they hear butelep a system that is far richer than the
fragmentary and limited speech that they happemtounter in their first few years. For
example, they hear a finite number of utterancekthe system they develop must be
finite but it ranges over infinity; children devel@an internal system that generates an
infinite range of expressions. The systemrasursive and that property cannot be
derived purely from experience.

All human language systems have three recursioping devices that permit structures
of indefinite length:

RELATIVIZATION : This is the cow that kicked the dog that chasecc#tdhat killed the
rat that caught the mouse that nibbled the cheleselay in the house that Jack built

COORDINATION: Ray and Kay went to the movie and Jay and Faydatbre, while Gay
and May and Clay worked where Shay and Jack wetehivey, but Zach and Mack and
Shaq slept

COMPLEMENTATION: Ray said that Kay said that Jay thought that Fag shat Gay told
me that ...

No child ever heard a sentence of indefinite lengthey all ended - but the linguistic
system that every child acquires, with the threaping devices, has the capacity for
indefiniteness. Children understand and use nesaiences all the time and they do that
by virtue of having an open-ended system.

Furthermore, virtually every generalization bredksvn in ways that are unlearnable by
children and the limits to generalizations illugtréhe poverty-of-stimulus reasoning used
by Mendel, which in turn illuminates intrinsic prgies. For example, children hear
expressions withs in its full form (1a) or reduced (1b), and therefonay deduce that
there is an operation reducimgto 's. However, in 2a.is is not reducible and nobody
would say Kim’s taller than Jim'sor *| wonder what the problem’s with higmon-
occurring, hypothetical forms are marked *). Thmits to the generalization are not
learnable, because children have no evidence &ntm-occurrence of the latter cases.
Mere non-occurrence is not evidence for childresgaoise they say many things they
have not heard. However, experimental work shdsstaat children do not try out such
forms in the way that they ugm-edor foots somehow at the earliest stages when they
can be tested, they just know. This is an exampiehat is meant by the poverty of the
stimulus: what children hear is not rich enoughdetermine their eventual behavfor.
That behavior is shaped in part by an internal tememponent, much as the properties
of Mendel's pea plants were subject to the requershof internal factors, what we came
to call genes.

1.a. Kim is taller
b. Kim’s taller
2.a. Kim’s taller than Jim is
b. I wonder what the problem is with him

Another poverty-of-stimulus problem. Alongside @&ildren hear forms without the
clause introducethat (4) and may deduce that there is an operation idgléhat

10



However, (5a,b) have no corresponding forms witHetetedthat *The car arrived
yesterday Kay drover *Kay drove was obvious to all of.uggain, nobody tells children
that these forms do not occur and children haveirezt evidence.

3.a. Peter said [that Kay drove]
b. The car [that Kay drove]
c. It was obvious [that Kay drove]
4.a. Peter said [Kay drove]
b. The car [Kay drove]
c. It was obvious [Kay drove]
5.a. The car arrived yesterday [that Kay drove]
b. [That Kay drove] was obvious to all of us

Following Mendel, one might solve this poverty-¢irsulus problem by postulating
information that is built into the organism, perea@pcondition on deletion (8).

6. Something may be deleted, if it is (in) the pbement of an adjacent, overt word.

That Kay droves the complement of the adjacent word in (3) tatt in (5); in (5a) it
does not complete the meaning of the adjagesterdayandthat may not delete. In (5b)
that Kay drovesn’t adjacent to anything arnldat may not delete. In this way the general
principle of (6) interacts with a general and ledole operation deleting clause
introducers to distinguish what we say (e.g. 4)mfravhat does not occur:The car
arrived yesterday Kay droy&Kay drove was obvious to all of.us

Similarly (6) interacts with a general, learnedgedy of English speakers: they allow
the second of two identical verbs to be “gappdey( saw Ray and Jim T)nand (6)
distinguishes (7a) from the non-occurring (7b) withthat In (7b)that Kim stayeds
the complement of an adjacent verb that is notquoned or “overt” andhat does not
delete.

7.a. Fay said that Ray left and Jyen[that Kim stayed]
b. *Fay said that Ray left and Jira [Kim stayed]

Postulating (6) as a general principle also allowso understand the difference between
(2) and the non-occurringim’s taller than Tim’sandl wonder what the problem’s with
him (8).

8.a. Kim’s taller than Tim’s-tall
b. I wonder what the problem‘s-wthaith him

In (8a) the understood (deleted)l is not the complement of anything aftethas been
incorporated into the preceding word, nor the usided (deletedyvhatin (8b); therefore
the deletions may not take place and forms liked(Bhot occur.

Consider one final operation that speakers of Bhdkarn and use over a wide domain:
whole verb phrases may be deleted, as in (9).
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9.a. Max left for Rio on Wednesday and Mary ghid as well
b. Max left for Rio, although Mary didnjte
c. Although Max couldn{pe, Mary left for Rio
d. Susan went to Rio. Yes, but Jane digset
e. The man who left for Rio knows the woman wlitn’t ype
f. Don't ype!

In many different structural configurations thapsed verb phrase is interpretedesve
for Rio. In all these cases, the deleted VP is the camgi¢ of an adjacent overt verb
(did, didn’t, couldn’t, don’t). However, principle (6) distinguishes (10) frahe non-
occurring (11).

10.a. They denied reading it, although they all \3&d
b. They denied reading it, although they dftertainly had,re
c. | haven't seen that movie but John Ji&s

11.a. *They denied reading it, although they héaga
b. *They denied reading it, although they béeén/certainlype
c. *I haven’t seen that movie but Johpe

In (10) the understood VP is the complement of afhdcent tchad/hasand in (11) it is
not.

There is much more to be said about these analgséd/endelian poverty-of-stimulus
reasoning enables us to postulate four simplendédde operations for which children
have evidence in their everyday experience. Hgamisimple sentence likeeter said
Kay leftat the appropriate stage of development enablédrexn to learn an operation
like (12a). Children in London and New York hauwels experiences and children in
Amsterdam and Toulouse do not; therefore DutchFredch children do not acquire an
operation comparable to (12a), because they havelewant triggering experience.

12.a. delet¢hat
b. empty V
C. reducésto’s
d. ellipse VP

Similarly hearingJay saw Ray and Jim Kimvould trigger (12b)Kim’s happytriggers
(12c) andMary didn’t triggers (12d). Children experience nothing tdicgate the limits
to these generalizations and, under the view skdtdtere, theyEARN nothing more
elaborate that blocks non-occurring forms. Rathies, interaction of the learned (12)
with the general, pre-existing (6) yields the rigigtinctions.

L anguage change
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So a person’s internal language capacity is a ocexnglystem that depends on an
interaction between learned operations and priesiphat are expressed by the genetic
material. It grows in children in response to ehéernal language that they encounter
and becomes part of their biology. If languageaghoin young children is viewed in this
way, then we can understand language change omera®ns of speakers differently, in
terms of the dynamics of these complex systemspahticular we can understand how
languages shift in bursts, in a kind of punctuaqdilibrium? Consider two structural
shifts that English has undergone.

Modern English has forms like (13-17a) but not (I/®).
13.a. He has understood chapter 4

b. *He has could understand chapter 4
14.a. Understanding chapter 4, ...

b. *Canning understand chapter 4, ...
15.a. He wanted to understand

b. *He wanted to can understand
16.a. He will try to understand

b. *He will can understand
17.a. He understands music

b. *He can music

However, earlier forms of English had the b formvbjch were used by speakers up to
Sir Thomas More in the early sixteenth century. rMosed all the forms of (13-17) and
the b forms occur in nobody’s writing after him.héfe is good reason to believe that
there was a single change in people’s internalegystsuch that words likean could,
must may, might, will, would, shall, shouldanddo were once categorized as more or less
normal verbs but then they were recategorized #sctional elements in all known
grammars of English speakers after the time of MoRefore More, verbs likean
moved to a higher Inflection position, as in (18hd after More they were generated
directly as Inflectional elements and occurredtmctures like (19), a single shift in the
system, which was manifested by the simultaneoss &6 the phenomena in (13-17b).
The singularity of the change accounts for the Ifgigm in the loss of phenomena.
Syntacticians have shown that sentences like (b3-a& not compatible with a system
with structures like (19).

18 /\g

Spec IP
N
Vv VP
can see stars
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19 IP
N

Spec IP

I VP
can / \
\ VP
see stars

And we know why this change happened. Early Ehgllsad very complex
morphological properties. For example, we firelmme fremst frempy fremmapin the
present tense andlemed fremedestfremede fremedonin the past tense of ‘doseo,
siehst siehp seop in the present tense for ‘seefde, ritst, ritt, ridap for the present tense
of ‘ride,” andrad, ride, rad andridon for the past tense. There was a massive loss of
verbal morphology in Middle English, beginning inetnorth of England and due to
intimate contact with Scandinavian speakers. Agakip interesting details but external
language changed in such a way that the modern Inaoctédiaries like can shall, etc
came to be morphologically distinct from otherbsrbecause as the members of the
small preterite-present class, they lacked thesomeiving feature of present tense verb
morphology, the-s ending of the third person singular. The evidendécates that they
were recategorized in people’s internal systemsjeabave discussed. So we see domino
effects: changes in what children heard, the newtiuced verb morphology, led to a
different categorization of certain verbs, whictelged systems that were compatible
with (13-17a) but not (13-17b).

A later major change was that English lost (20-22a)ch forms occurred frequently in
texts up through the seventeenth century, althaligtinishing over a long period in
favor of thedo forms of (20-22b¥.

20.a. *Understands Kim chapter 4?

b. Does Kim understand chapter 4?
21.a. *Kim understands not chapter 4

b. Kim does not understand chapter 4
22.a. *Kim reads always the newspapers

b. Kim always reads newspapers

Again we can understand the parallelism of theetlulganges in terms of a single change
in the abstract system, namely the loss of the abiper moving verbs to a higher
Inflection position (23). This is another changeuyliar to English and not affecting any
of the other European languages, whose systems diavetained the verb movement
operation. In present-day English verbs do notertovthe higher position and therefore
cannot move to clause-initial position (20a), te téft of a negative (21a), or to the left
of an adverb (22a). The equivalent movements ooatio occur in French, Dutch and
German systems.
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\ N
see stars

This shift was due to two prior changes and weasexher domino effect. The first was
the recategorization of modal verbs that we justcussed, and the second was the
emergence, first in the Westcountry, of “periphidstio forms as an alternative option
for expressing past tensiohn did leaveJohn did not leavieetc., instead aJohn leftand
John left not As a result of these changes affecting whatdodil heard in external
language, the Inflection position was occupied mdal auxiliaries and bgo in internal
systems and was not available as a target for menbement in those instances. Thus,
lexical verbs did not occur in that position aseafas before the days of periphraskic
and before modal auxiliaries were no longer veansl as a result, thp/] structure fell
below the threshold that had permitted its acquisiby children. Again this is too brief
an account but | hope to have made clear that twoo ghanges in external language had
the effect of reducing enormously children’s eviceror the[V] structure, triggering a
new internal system, and that three simultaneousparently unrelated changes were a
function of a single change in the abstract system.

Conclusion

Amorphous external language and intersydtemsare different in kind and the modern
distinction between external and internal languéagerucial (Lightfoot 2006a). In
addition, there is interaction between nature andure, and also within the system,
syntax interacting with the articulatory and senwasystems, providing pairings between
sound and meaning over an infinite range.

We have seen that the language capacity does neistgust of a set of words but is a
complex adaptive system. Children are exposed peech and their biological

endowment, a kind of toolbox, enables them to ademith their external linguistic

experience, thereby growing a private, internaltesysthat defines their linguistic
capacity.

Since the systems are complex and adaptive, theglvie particular abstractions,
categories and operations and these, not the mehathemselves, constitute the real
points of variation and change. Phenomena do Image in isolation but they cluster,
depending on the abstract categories involved.a Assult, change is bumpy and takes
place in a kind of punctuated equilibrium. We uwustend the bumps, the clusters of
changes, in terms of changes in the abstract sysieme illustrated in the two structural
shifts in the history of English. If we get thes#iactions right, we understand why
phenomena cluster in the way they do.

Everybody’'s experience varies and people’s intesygatems may vary, but not linearly.
Also they change over time, and sometimes variatioaxperience crosses thresholds
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and triggers the development of a different intesystem. Children are sensitive to
variation in initial conditions, in the terminologgf chaos theory. In general, we
understand change in internal systems through togligition process, by virtue of
children being exposed to different experiencese &X¥plain changes where we can
identify changes in the external language thatdcbil are exposed to such that the new
experiences trigger different internal systems vdifierent categories and operations.
For example, after the comprehensive morphologibahges of Middle English, young
children had different experiences that led thensdtegorize words likenay and must
differently from verbs likerun andtalk. Assigning these words to a different category,
Inflection, enables us to understand why (13-1Thjisappeared in parallel.

Under this approach, change is contingent, depé¢nalemparticular circumstances, and
we are not surprised to see English undergoing tlanges that other European
languages have not undergone. English had pecubgphological properties that were
affected in peculiar ways by contact with Scandiaaspeakers and that led to the new
categorization. Other European languages weraff@tted in that way. If change is
contingent like this, then there is no generaldiom to change and there is no reason to
believe that languages all tend to become simplemore efficient or less anything.
There are no general principles of history of tiedkthat nineteenth-century thinkers
sought and explanations are local.

Also, if change is sensitive to variation in init@nditions, then we can understand why
the nineteenth-century enterprise of reconstrugbirgdpistoric proto-languages met major
obstacles, particularly in the structural, systecnaspects of language.

Consequently we can achieve better explanationkniguistic change than were possible
in the nineteenth century and we assimilate theystdi language change into study of the
dynamics of complex systems in other domains, aaglthanges in species, physical
environment, social organizations, economic systeshs We expect to find phase
transitions, “catastrophes,” where many phenomdremge in parallel: that happens
when external language changes to reach a tippong gvhere it triggers a different

internal system in young children. And we expecfind “emergent phenomena,” new
things emerging that are not determined directlythoy initial conditions of language

acquisition but follow from the properties of thengplex, abstract system being acquired.

The nineteenth century may have been a “centurlyisibry” across several scientific
domains, but it did not yield satisfactory explamas for language change. Cross-
disciplinary work on complex adaptive systems &dlag to better explanations and the
twenty-first century may prove to be a more sudcéssentury of history, drawing
linguists, evolutionary biologists, economists, rolsts, political scientists,
environmentalists and many other scientists togeti@re effectively even than in the
remarkable convergence of the late nineteenth pentu

Notes

* With thanks for comments on an earlier versianirBetty Tuller, Tineke Scholten and
Sharon Klein.

! There is no better account of nineteenth-centimguistics than Davies (1998) and
Pedersen (1931) provides useful portraits of thpnigures.
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2 The Linguistic Reviewdevoted a whole issue to discussion of povertgtiofiulus
reasoning but the lead article restricted its dismn to defective data and excluded
discussion of cases where there wasalasenceof relevant data (Pullum & Scholtz 2002:
14-17). The cases discussed here all involve absefirelevant data.

% For more details, see Lightfoot 2006b.
* Niyogi & Berwick 2009 provide a formal model ¢ii$ approach.

> One might ask why this change appears to haventakece more slowly than the
category change affecting the modal auxiliariesakéspeare and other writers alternated
easily between the coexisting old and new systeRethaps it is easier for systems to
coexist when they differ in terms of movement opers than it is for systems that differ
in the categorization of certain words.

® For a cue-based approach to language acquisitfoohlidren, as distinct from the
conventional grammar evaluation approaches, sdefbgf 1999, 2006a.
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