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ABSTRACT

e critical aim of this dissertation is to show the lack of explanatory value of typo-
logical generalizations in generative research paradigms, and the constructive aim is to
propose an alternative conception of typology which gives a justifiable place to typolo-
gical facts.

My contention is that we cannot conclude that the human language faculty (HLF)
lacks the means to generate a linguistic phenomenon from only the lack of such a phe-
nomenon in the languages of the world. e temptation to do so arises from equi-
vocation regarding the term Language as used within different generative paradigms:
the classical generative paradigm, and the generative-parametric paradigm. e former
characterizes Language, understood as HLF, the mental object which allows us to pro-
duce and understand languages. For the laer, however, Language also includes the
distribution of linguistic structures in the world. HLF is a natural kind; the distribution
of linguistic structures in the world is not. Equivocation of the term ‘Language’ occurs
when one notion is exchanged for the other within an argument. e problem: only
natural kinds support induction. e goal of characterizing HLF is discovering what
is necessarily true of HLF. e distribution of linguistic phenomena in the world, al-
though constrained by what HLF allows us to acquire, is also constrained by historical
contingency. Generalizations based on these accidental factors are valueless in char-
acterizing HLF: I show this in two case studies, which deal with syllable structure and
verbal morpheme order.

I argue that the study of the distribution of linguistic phenomena in the world is a
historical science, which requires a different set of assumptions than an experimental
science such as the classical generative paradigm. e alternative I offer is called ideal-
typology. Ideal-typology replaces inductive inference based on natural kinds with prag-
matic explanation based on ‘ideal-types’. Ideal-types are convenient fictions, purpose-





built to manipulate our cognitive systems into understanding the diversity of historical-
scientific data. I illustrate the practice of ideal-typology by showing how the diversity of
Chinese tone systems can be measured and organized by the use of ideal-types. Beyond
increasing understanding of the data themselves, ideal-typology yields hypotheses that
experimental sciences can test.





Chapter 

Introduction

If there is but one world, it embraces a
multiplicity of contrasting aspects; if
there are many worlds, the collection
of them all is one. One world may be
taken as many, or many worlds taken
as one; whether one or many depends
on the way of taking.

(Goodman , )

. Visions of Language

Linguists study Language – this much is obvious. What is less obvious is that ‘Lan-
guage’, as studied by linguists of different stripes, is constituted differently. One linguist
takes Language to be a set of principles underlying the production and comprehension
of sentences. Another linguist takes Language to be a set of properties of sentences that
recur throughout time and space. e diversity in what linguists consider Language to
be is constrained by the fact that linguists must work together – at least professional
linguists must do so – and so there have formed communities of practice which more or
less share a common notion of what they study.

All of this is an uerly normal situation: researchers segregate themselves into dif-
ferent schools of thought, or paradigms (Kuhn ) within any science, or any other
species of inquiry. A problem has arisen for linguists, however, in that the two different
– and incompatible – notions of Language mentioned above sometimes coexist unhap-
pily within any single linguist. It would be an unhappy cohabitation because the two
notions tend to be substituted for each other in the construction and testing of hypo-
theses. I will argue that we must tear apart these two notions of Language: (i) that of





the capacity to produce and comprehend systematic pairings of form and meaning, and
(ii) that of the sorts of structures which occur – and recur – in languages in the world.

Chomsky () characterizes a similar divide in describing the opposition between
I-language and E-language. Chomsky’s I-language is intensional, internal, and indi-
vidual. Whenwe understand Language as ‘the capacity to produce and comprehend sys-
tematic pairings of form and meaning’, we are dealing in I-language, or what I shall call
human language faculty (HLF). As for E-language, Chomsky and Lasnik ( [])
write that the “E is to suggest ‘external’ and ‘extensional’.” () ey stop short of a
definition, because they are lile concerned with Language as extensional or external:
“we can define E-language in one way or another or not at all, since the concept appears
to play no role in the theory of language” ().

When we wish to understand the types of ‘structures which occur – and recur –
in languages in the world’, we are E-linguists in both extensional and external senses,
although not all who study E-language are interested in this ‘typological’ project. e
object this project is a characterization of what I shall call the typological Saverhalt:

the totality of facts about linguistic structures, as they are in the world. I consider this far
from irrelevant from the scientific study of Language. I spend this dissertation champi-
oning the approach that studying HLF and studying the typological Sachverhalt are two
different things, despite the fact that they have thus far shared a jargon, and elements
of a worldview.

e project of separating these two ideas of Language is complicated by the jargon
– much of it deceptively ‘everyday’ in character, but jargon nonetheless – we employ in
talking about Language. As a result, I have cobbled together a terminology to discuss
the concepts which emerge from the analysis of our naïve notions of what Language is.

One might be inclined to ask why it is necessary to sunder the long-established –
perhaps even intuitively obvious – marriage between HLF and typological Sachverhalt.

Sachverhalt can be rendered freely as ‘state of affairs’; it is translated in (Wigenstein  []) as
‘atomic fact’.

Here and throughout the text, I use the term naïve not in its pejorative sense, but rather in the sense
approximated by the term ‘pretheoretical’ – a term which I avoid because, as Hanson (), Kuhn (),
and Feyerabend () have shown, the terms we use are always irremediably theory-laden.





e reason is that the union is based on a false equivalence: although HLF (language-in-
the-mind) is inherently infinite and therefore amenable to investigation by experiment,
the typological Sachverhalt (languages-in-the-world) is inherently finite and therefore
amenable to investigation only by other means. If we conflate the two notions of Lan-
guage, we risk allowing the traffic of legitimate results of one type of inquiry into the
other. We therefore come to ‘know’ things about HLF which we learned through in-
vestigating the typological Sachverhalt. is is not trade, this is smuggling, and our
conclusions are contraband.

() A précis for the busy linguist

a. Do not use the absence of a linguistic phenomenon in the world to motivate
or bolster a claim about the structure of HLF.

b. Do not use the commonness or rarity of a linguistic phenomenon in the
world to motivate or bolster a claim about the structure of HLF.

e constructive part of this dissertation is an aempt to rehabilitate typological inquiry
in the wake of the lessons in (). I call this new way of doing typological inquiry ideal-

typology, because it construes typology as the study of hypothetical linguistic ‘types’
around which wemay organize our understanding of linguistic diversity, rather than the
study of howHLF is structures such that certain languages are impossible or improbable.
Ideal-types are useful in that they generate hypotheses that can be tested in allied domains

of inquiry, not because they are informative about HLF.

() Ideal-typology is an alternative way of reasoning about linguistic diversity: in-
stead of using typological facts to test hypotheses about HLF, we use typological
facts to create hypotheses which other, experimental sciences can test.

One need not accept ideal-typology to take the lessons in (). What ideal-typology does
is give a replacement for the type of work that typologists in the generative tradition are
accustomed to doing: making models of Language based on the typological Sachverhalt.

See section .. for examples of this conflation.





is dissertation is a chimaera, or more charitably, an interdisciplinary endeavour. It
draws on a handful of traditions of inquirywhich cohere in forming a sensible worldview
in which we may study both HLF and the typological Sachverhalt. ere are four main
themes which I return to throughout this dissertation; I shall give some motivation for
them where expedient, but otherwise they are assumptions. ey are:

() Cognitive Pragmatism: e virtues of theories (empirical adequacy, simplicity,
explanatory power, predictive power) are such because they help the analyst un-
derstand the world; theymeasure the accord of theory to human cognitive reality,
not to any external property.

() Methodological Pluralism: Science is as science does. ere is no set of neces-
sary and sufficient conditions for an activity to be considered scientific. e rules
for what constitutes scientific inquiry are determined by communities of practi-
tioners in dialogue with each other, and more importantly, with the nature of
what they study.

() Experimental/Non-experimental Science Diotomy: Although falsification is
not a sine qua non of scientific method, the ability of theories to be falsified is
an appropriate desideratum under certain circumstances, namely those in which
the conducting of independent experiments is possible. In situations where the
nature of the object of study precludes the conducting of repeated experiments
(for example, due to the fact that any sample exhausts the population under
study), falsifiability cannot be the primary theoretical virtue.

() Incommensurability of Paradigms: e terminology used in a paradigm depends
on the assumptions that support the paradigm. Terms shared between paradigms
do not have the same sense in each, and therefore great care must be taken in
making inference from theoretical objects as conceived by one paradigm in the
context of another.

I admit that this is a controversial assumption, but I invite the reader to judge it by the kind of work
it allows us to do. See especially chapter .





In this chapter, I describe arguments that have been made in favour of each of these
assumptions in turn. Before this, however, I wish to clarify somemaers of terminology.
I conclude the chapter with a more exhaustive characterization of what ideal-typology
is, and how it helps us to do typology in a world where we must follow the injunctions
introduced in ().

. estions of terminology

It is especially vital in a foundational discussion such as this to define one’s terms.
To this end, I shall spend this section drawing some fundamental distinctions between
easily-confused concepts. For ease of reference, all terms of art used in this dissertation
are also defined in the Glossary.

.. Paradigm

e first concept I wish to introduce is that of a (resear) paradigm. A paradigm is
a “strong network of commitments – conceptual, theoretical, instrumental, and method-
ological …. [which] provides rules that tell the practitioner of a mature specialty what
both the world and his science are like” (Kuhn , ). Broadly speaking, it is the
conceptual scheme according to which the practice of inquiry is conducted.

Although the term paradigm, used in this sense, has its genesis in Kuhn (), the
concept which a paradigm represents has gone under different names in the work of
a diverse collection of thinkers. An incomplete list would include Kant’s ( [])
and Hegel’s ( []) notions of Weltansauung, Foucault’s ( []) notion
of episteme, Lakatos’s () notion of resear programme, and Goodman’s ()
notion of world.

We must take care not to confuse this notion of paradigm with the Saussurean notion of paradigm as
a set of linguistic forms which may be substituted for each other in an acceptable uerance, e.g. a verbal
inflectional paradigm such as the first-year Latin student’s bugbear amō, amās, amat, etc.

It is worth noting that Kuhn () uses the notion of ‘paradigm’ primarily in the context of com-
munities of scientific practice, whereas, for others – especially in Feyerabend’s later work and occasionally
in Kuhn (), the equivalent concepts may hold over greater (e.g. Foucault  []) or lesser (e.g.
Goodman ) domains as well.





.. Sachverhalt

If the paradigm represents the investigator’s contribution to inquiry, it is the
Sachverhalt that represents the contribution of the object of investigation. By this I
mean that the Sachverhalt is that part of the world of experience that incites the re-
searcher to inquiry: it is the collection of facts that the investigator takes as given, and
not open to doubt – i.e. the data ‘given things’. e term Sachverhalt, as I use it, has
its origin in (Wigenstein  []): “An atomic fact [Sachverhalt ] is a combin-
ation of objects (entities, things).” (§.), and “e object is the fixed, the existent; the
configuration is the changing, the variable. e configuration of the objects forms the
atomic fact [Sachverhalt ]” (§§.–.)

() Saverhalt: An actual or potential state of affairs.

A Sachverhalt is a part of the state of the world, or of a possible world. In particular, it is
that part which interests us enough to take it as given. We cannot doubt it, because such
doubt would remove all grounds for inquiry. In typological investigation, for example,
we cannot doubt that different languages exist, and that they differ in non-trivial ways.
If we cast doubt on these assumptions, typology could not exist. Compare Wigenstein
( []):

If someone asked us “but is that true?” we might say “yes” to him; and
if he demanded grounds we might say “I can’t give you any grounds, but if
you learn more you too will think the same.”

If this didn’t come about, that would mean that he couldn’t for example
learn history. (§)

Recognizing the Sachverhalt as the ground of inquiry is the cost of admission into
to the paradigm. From this assumption flow the various other assumptions that consti-
tute the norms of the paradigm. In other words, the paradigm invariably presupposes

I choose not to use the word data for Sachverhalt because the word ‘data’ has lost, by frequency of
use, some of its force. e foreignness to the reader of ‘Sachverhalt, I hope, highlights the importance I
wish to ascribe to the term.





which Sachverhalte count as valid domains of inquiry. For example, the geographical
arrangement of cities in a country, the evaporation of water, the price of commodities,
the effects of ingesting certain plants, as well as the paerns of acceptability of English
sentences are all Sachverhalte. But they are not of equal interest to everyone.

As linguists (i.e. inasmuch as we subscribe to one paradigm or another that concerns
itself with Language), however, we need not even consider any of these Sachverhalte but
the last, because our paradigm considers them irrelevant (or considers itself irrelevant
to them). As typologists, we narrow our focus even further, to the range of variation in
the structure of human languages: this is what I call the typological Saverhalt.

() Typological Saverhalt: e concrete distribution of structures in the world’s
languages.

.. Typology

We may now turn to the issue of the term ‘typology’: the difficulty with ‘typology’
lies in the fact that the term is used for three distinct concepts. With the distinction
between paradigm and Sachverhalt established, we can now give these three senses of
‘typology’ distinct names. e first (in no particular order) use of ‘typology’ has the
sense of a functionalist paradigm for explaining linguistic variation and universals. As
Bickel () writes, “typology has begun … to turn from a method into a full-fledged
discipline, with its own research agenda, its own theories, its own problems.” (). In
particular, typology as a paradigm holds that Language is to be explained differently,
compared to notions of explanation in generative grammar: “any generalization that
does not involve the shi from internal, structural phenomena to external phenomena
cannot constitute an explanation.” (Cro , ). e functionalist turn in typology
as a paradigm is in evidence when Cro () explains that “typologists argue that
properties of language use determine properties of the linguistic system” (). For the
sake of clarity, I shall refer to ‘typology’ in this sense as the functionalist-typological

Haspelmath () gives typology in the sense of a paradigm the name nonaprioristic comparative
linguistics. I do not use this term because I cannot agree that any inquiry is nonaprioristic, given the
central status of a priori paradigms in constraining and guiding inquiry.





paradigm.
e second sense of ‘typology’ that appears in the literature is a more concrete one: it

is common to speak of the typology of some grammatical phenomenon, such as syllable
structure, tone, word class, wh-movement, etc. as a way of referring to a particular cross-
linguistic distribution of linguistic forms pertaining to that phenomenon. Here we may
take advantage of our new word Sachverhalt to speak of the typological Saverhalt:
the entire range of forms in aested languages (the union of all relevant Sachverhalte)
as the typological Sachverhalt. Note that a Sachverhalt is the actual state of affairs in
the world (or in a possible world), and is not to be understood as a range of possibility.

e final way in which the word ‘typology’ is used is to describe the study of the
typological Sachverhalt. It is this use of ‘typology’ which we find on the covers of text-
books and in course titles. Here, ‘typology’ is a neutral term embracing all paradigms
which investigate the typological Sachverhalt. is includes not only the functionalist-
typological paradigm, but also another paradigm, the generative-parametric paradigm,
whichwe shall meet soon. For the sake of explicitness, I shall followHaspelmath’s ()
terminology in using comparative linguistics for ‘typology’ in this sense.

In sum:

() ree replacements for the term ‘typology’:

a. e functionalist-typological paradigm: a research paradigm characterized
by a search for explanations of grammatical phenomena and their distribu-
tions, especially from factors such as language usage and general physical
and cognitive processes as opposed to a Language-specific module. (A fuller
description is given in section ..)

b. e typological Saverhalt: e concrete distribution of structures in the
world’s languages.

c. Comparative linguistics: the study of the typological Sachverhalt.





.. e classical generative paradigm

Researchers working in the functionalist-typological paradigm oen contrast their
approach with the school of thought which had its origin in Chomsky (), and which
was restated ever more ambitiously in Chomsky (; ;  []). For Cro
(), this is the “generative approach” (); for Bickel () “UG [i.e. Universal Gram-
mar] research” (); for Haspelmath () the “restrictivist approach” (). In fact, be-
hind the seemingly monolithic ‘generative approach’, I wish to distinguish between two
distinct paradigms, which I call the classical generative paradigm and the generative-
parametric paradigm. Any sharp division between the two is admiedly an abstraction:
many linguists’ work incorporates elements of both paradigms. It may be productive to
think of membership in the classical generative paradigm and generative-parametric
paradigm as gradient rather than categorical: the degree to which a linguist adopts the
assumptions of one of these paradigms is the degree to which he or she practises it.
is can change from paper to paper, and from moment to moment. I separate the two
paradigms in this dissertation for rhetorical purposes. Like all paradigms – and here I
followKuhn () – they are conceptually incommensurablewith each another. I claim
that: (i) insofar as we follow the classical generative paradigm, our methods are conson-
ant with the assumptions that we hold; but (ii) insofar as we follow the generative-
parametric paradigm, our methods are undermined by the conceptual assumptions to
which the generative-parametric paradigm commits us.

I shall discuss this at length in chapter ; for now, I shall merely describe the differ-
ences between the two paradigms. Let us begin with the classical generative paradigm.
e classical generative paradigm is exemplified by works such as Chomsky (), Ross
(), and Chomsky () in syntax; andHalle (), Chomsky andHalle (), Gold-
smith (), and Clements () in phonology. In broad strokes, it takes as its object of
studyHLF: that part of themindwhich governs the production and comprehension of ut-
terances. One core assumption of the classical generative paradigm, put very generally,

I am not referring to a split of the magnitude of the ‘LinguisticsWars’ (Harris ) of the s–s
between the generative semanticists and the interpretive semanticists.

e two paradigms are themselves ideal-types, constructed for the purpose of my analysis of the
practice of typology in generative linguistics. See section . for discussion of the notion of ideal-types.





is that some knowledge of language is innate. In other words, HLF has prespecified
content, and thus there are limits to what kinds of structures language acquirers will be
able to posit.

() Classical generative paradigm: A paradigm in linguistic inquiry whose charac-
teristic tenet is that some knowledge of language (HLF) is innate, and the task of
inquiry is to characterize this tacit knowledge. Representative examples: Chom-
sky (), Ross (), and Chomsky () in syntax; andHalle (), Chomsky
and Halle (), Goldsmith (), and Clements () in phonology.

e observant reader will note that I use the broad term ‘HLF’ instead of the Universal
Grammar (UG) (Chomsky ; ; ; ) or Hauser et al.’s () Faculty of
Language - Broad (FLB)/Faculty of Language - Narrow (FLN). e reason for this is that
UG and FLB/FLN have unfortunate associationswith debates over the domain-generality
of whatever HLF comprises. At stake in these debates is whether the mental ‘structures’
proposed are aspects of cognition in general (like some parts of the FLB of Hauser et al.
), or rather aspects of cognition specific to linguistic ability – and this question
is utterly irrelevant to this study. e questions we face here are orthogonal to the
domain-generality of HLF.

e classical generative paradigm is generative in the sense that HLF, at least in
Chomsky’s early work, was hypothesized to be a “generative grammar [i.e.,] a system of
rules that in some explicit and well-defined way assigns structural descriptions to sen-

tences” (, , emphasis added). In more recent work (principally Chomsky and Halle
 et seq.) the purview of a generative grammar has been extended to the phonological
domain as well.

e auxiliary hypotheses of the classical generative paradigm differ from one par-
Not all theories of grammar which are, in a mathematical sense, generative, assume innateness in the

sense of a rich HLF (e.g. Head-Driven Phrase Structure Grammar; Pollard and Sag ).
I am emphasizing this point here because it is crucial that the proposals of this dissertation not be

misunderstood as applying to the linguistic nativism debate. For the purposes of ideal-typology, we do
not care whether or not something is to be ascribed to HLF at all, much less what kind of thing HLF is: it
may be more like what is typically called UG or more like what is called our ‘general cognitive capacities’.
e finer distinction is irrelevant when we do not even make the broader one.





ticular theory to another, but they all consist in specific hypotheses about what aspects
of Language are innate. ese hypotheses conventionally take the form of rules or con-
straints. Within the theory of Chomsky (), the auxiliary hypotheses take the form of
phrase-structure and transformational rules. In the theory of Chomsky (), auxiliary
hypotheses are expressed as transformational rules and constraints or filters (e.g. bind-
ing principles). Whether they be expressed as rules or constraints, auxiliary hypotheses
are subject to test by virtue of the fact that they are hypotheses, and therefore corrigible
by nature. In other words, they must be falsifiable. Put more concisely, the auxiliary hy-
potheses of a theory within the classical generative paradigm are the specific character
we aribute to HLF: the rules, constraints, filters, and parameters we propose.

.. e generative-parametric paradigm

e majority of work done by Chomsky and his students (and their students) in the
s and s fell within the classical generative paradigm. However, interest soon
began to arise in the application of the theoretical machinery of the classical generat-
ive paradigm to cross-linguistic comparison. By Chomsky () (where the notion of
‘Principles and Parameters’ made its début), it became de rigueur for proposals regard-
ing the nature of HLF to be validated within the domain of comparative linguistics. e
notion that such validation is possible and desirable is the sine qua non of the generative-
parametric paradigm. is does not only apply to work explicitly couched in terms of
linguistic parameters (such as Lightfoot ; ; Kayne ; Baker ; Fodor ;
Roberts and Holmberg ), but also to work which allows for cross-linguistic variation
in other ways, such as OT (Prince and Smolensky  []) – in the case of OT, for
example, the diversity of constraint rankings is a species of parameterization.

e generative-parametric paradigm is exemplified byworks such as Chomsky (;
;  []), Prince and Smolensky ( []), Baker (; ), and Baker

e distinction between the classical generative paradigm and generative-parametric paradigm is an
idealization; it is rare that any given practitioner works (or worked) solely in one of them at any given
time. I make a sharp distinction between the two of them, however, in order to show the conceptual
incompatibilities which exist between them despite the fact that they tend to blend into each other in
practice.





and McCloskey (). It is oen difficult to discern whether an author is conduct-
ing inquiry in the classical generative paradigm or the generative-parametric paradigm,
doubtless because the distinction has not been particularly emphasized in the literat-
ure. Nevertheless, one can detect the influence of the generative-parametric paradigm
in encountering arguments against ‘pathological overgeneration’, such as those in ().

() Sample arguments drawn from the generative-parametric paradigm.

a. “In Optimality eory, a grammar of a language is a particular ranking of
the constraints supplied by Universal Grammar. Permutation is therefore a
crucial test of any proposed sub-theory of constraints: are all of the rankings
of the constraints aested grammars, or at least possible ones?” (McCarthy
and Prince , , emphasis added)

b. “ere has also been very productive study of generalizations that are more
directly observable: generalizations about the word orders we actually see,
for example. ework of Joseph Greenberg has been particularly instructive
and influential in this regard. ese universals are probably descriptive gener-

alizations that should be derived from principles of UG.” (Chomsky , ,
emphasis added)

c. “Languages thatmark the noun phrases in a sentence but the possessed noun
in a noun phrase are rare at best. Once again, we see that not all imaginable
combinations of grammatical properties are permissible. It seems there are
deep underlying principles that determine what properties can and cannot occur

together in natural languages.” (Baker , , emphasis added)
d. “Ideally, all and only the aested orders should follow from the conditions

on Merge and the conditions on Move of the type discussed above.” (Cinque
, , emphasis added)

e. “Greenberg’s results offer an extremely rich empirical basis that converges
with many generativist assumptions. Stated briefly, generative grammar

I wish to emphasize that not all work with ‘Principles and Parameters’ assumptions commits the
fallacies to which I ascribe the label ‘generative-parametric paradigm. So-called ‘microparametric’ work
such as Kayne () comes to mind.





turned out to be the theory that identifies the class of possible human languages

as they are constrained by biological restrictions.” (Moro , , emphasis
in original)

e shared assumptions expressed by the various examples in () are (i) that there is
a difference between possible and impossible languages, (ii) that the best theory gener-
ates all possible languages and fails to generate all impossible languages, and (iii) that
maximizing the ‘fit’ of the theory to the typological Sachverhalt described in (ii) is an
achievable – or at least approachable – goal, at least in principle.

() Generative-parametric paradigm: A paradigm in linguistic inquiry whose char-
acteristic tenet is that proposals about the structure of HLF are directly testable by
means of an examination of the typological Sachverhalt, and proposals about the
typological Sachverhalt should be expressed in terms of the theory of HLF. Rep-
resentative examples: Chomsky (; ;  []); Prince and Smolensky
( []); Lightfoot (; ); Kayne (); Baker (); Fodor ();
Roberts and Holmberg ().

e rationale behind this typological turn within the larger generative community is
as follows: the classical generative paradigm had its birth in an aempt to answer the
question ‘what is the nature of the mind such that an I-language can be acquired in the
absence of (what Chomsky () saw as) an amount of input insufficient for the other
kinds of learning that humans do?’. e answer to the question given by Chomsky
() is that the mind is constituted in such a way that it requires only the limited input
it receives in order to acquire an I-language. e classical generative paradigm, in large
part, is an elaboration of the concept ‘constituted in such a way that it requires only the
limited input it receives in order to acquire an I-language’.

Alongside this strain of research, there existed also a parallel Bloomfieldian ‘taxo-
nomic’ tradition (e.g.Gleason ; Hill ; Hocke ) which studied the diversity

Or ‘post-/neo-Bloomfieldian’, ‘American structuralist’, or ‘descriptivist’, as the reader prefers. See
Harris (, –) for a discussion of the difficulties in giving a name to this tradition.





of linguistic Sachverhalte with the aim of describing what was seen as the astounding
variety of a class of human behaviour – but nothing more than behaviour (Bloomfield
; Skinner ). ese researchers focused on finding beer and beer ways to de-
scribe the range of variation that Language exhibits, first by examining more and more
languages, and second by improving their methodological store of ‘discovery proced-
ures’ (Harris ; ), devices for economy of effort in the description of languages.

Around the time that Chomsky’s early work (; ) was published (and par-
tially as a result of it), a ‘cognitive’ revolution took place, not only in linguistics, but also
within domains such as psychology (e.g. Miller ), philosophy of mind (e.g. Fodor
), and computer science (e.g. Turing ). is sea change created new paradigms
within each of the new ‘cognitive sciences’. In linguistics, the new paradigm was at-
tractive enough to a sufficient number of scholars that a world ange or paradigm
shi occurred within the field. Kuhn () describes the process of adopting a new
paradigm as ‘conversion’ (, for example), and I believe that extending the analogy
to one of a religious conversion is profitable in this case. What makes this analogy es-
pecially apt is that the conversion of those brought up in Bloomfieldian linguistics to
the classical generative paradigm was like the conversion of the Germanic pagans to
Christianity: they understood their new religion in terms of the old, which resulted in
something that might be called ‘Christianity with Germanic characteristics’.

Similarly, practice of the classical generative paradigm was altered by its formation
within the Bloomfieldian paradigm, and its assimilation of many of that paradigm’s ad-
herents: the classical generative paradigm’s object of study was increasingly seen, not
only as HLF, but also as Language itself, just as the Bloomfieldians had seen as their

Ideal-types differ from Bloomfieldian discovery procedures because the laer are grounded in a pos-
itivist philosophy of science, which assumed that the only meaningful statements were those deducible
from sense-impressions. Discovery procedures were expedient methods for generating those sense im-
pressions (largely, stimulus responses from informants) of interest to practitioners. Ideal-typology has no
truck with the arch-empiricism that grounded positivism, although ideal-types are comparable to discov-
ery procedures in that they expedient methods for generating concepts of interest.

e relevant quotation is “before they can hope to communicate fully, one group or the other must
experience the conversion that we have been calling a paradigm shi.” (Kuhn , )

“e populace was baptized, the shrines, temples and public cults of the old deities were suppressed
and the structures and rituals of the Christian Church were set in their place. But among many, the
aitudes and beliefs that had informed private cults and domestic religion persisted.” (Filotas , )





object of study. Amidst this tumult of ideas, not only did theories face the task of ex-
plaining the feasability of language acquisition, but they begun to be held to account
for the typological Sachverhalt as well. What I am calling the generative-parametric
paradigm was the result.

Of course it is trivially true that a theory of HLF must be broad enough to allow for
the acquisition of all occurring grammars, but does it also follow that HLF must be nar-
row enough to exclude grammars with which the acquirer is never faced? Applying the
logic of the classical generative paradigm, the only reason why a theory of HLF should
not overgenerate is so that it does not allow the acquisition of wrong generalizations
over the kinds of data to which acquirers are exposed, and from which they draw cor-
rect generalizations. Of course, the generative-parametric paradigm is characterized –
we may take as a representative sample the work cited in () – by a different practice.

In recent years, interaction of the generative-parametric paradigm with the
functionalist-typological paradigm has opened the door in the former to a further com-
mitment towards explaining typological Sachverhalte, this time in a quantitative man-
ner. is mirrors the shi within the functionalist-typological paradigm away from a
conception of possible vs impossible languages towards one of probable vs improbable
languages (e.g. Newmeyer ; Bickel ). Under this version of the generative-
parametric paradigm, the best theory not only generates all and only possible languages,
but also explains the rarity of different language types within the Sachverhalt. Here fol-
low some revealing quotations from work in which this desideratum is assumed:

() e nascent quantitative turn in the generative-parametric paradigm

a. “We see that not only are certain types of tense markers generally preferred
over others, but there are also observable correlations between certain tense
marker types and certain word orders within the clause. ese statistical
tendencies indicate that the realization of tense in a given language does

roughout this dissertation, I consider the requirement that a theory of HLF be compatible with all
known grammars as trivial. It is trivial not in the sense that it is unimportant, but rather in the sense that
no candidate theory which did not satisfy this condition would be put forth.

Newmeyer () is an interesting work in that it introduces aspects of the functionalist-typological
paradigm within the classical generative paradigm.





not depend on mere chance. Rather, the choice of tense marker must be

influenced, although not wholly determined, by other aspects of grammar,
such as sentential syntax.” (Julien , , emphasis added)

b. “Feature economy is a principle of sound systems according to which lan-
guages tend to maximise the ratio of sounds over features. e major goal
of this study is to confirm the predictions of feature economy at the syn-
chronic level, using an objective sampling technique applied to a genetically
and areally balanced sample of the world’s languages.” (Clements , ,
emphasis added)

c. “We have also seen how a parametric theory might account not only for the
types of word orders that are possible but also for the relative frequencies of
those types.” (Baker , –, emphasis added)

d. “Suppose that each of these grammatical features has a % chance of being
set in a particular way (known to be roughly true for the head parameter).
en only about  in  languages will be VSO languages, because all three
factors have to be set in one particular way for a VSO language to emerge.”
(Baker and McCloskey , , emphasis added)

I shall discuss the logical problems with the generative-parametric paradigm, quantitat-
ive or otherwise, at length in Chapter ; in brief, however, they rest on the problem of
induction which states that no amount of observation of instances is sufficient to justify
a natural law – in typological terms, no amount of observation of languages is sufficient
to justify proposing a psychologically real Language universal.

. Epistemological pluralism

e comparison of the classical generative paradigm and the generative-parametric
paradigm raises questions about their relationship, and about relationships among
paradigms in general. Here I outline and briefly motivate a pluralistic stance towards
this issue that takes many different paradigms to be “of independent interest and import-
ance, without any requirement or presumption of reducibility to a single base.” (Good-





man , ).
e source of the foregoing quotation is the source of the argument as a whole:

Goodman () argues for a meta-paradigm in which pursuits as diverse as ‘hard’ sci-
entific inquiry and the creation of abstract art can be understood as in some sense right.
e sense in which the physicist is right is thought of as the “literal truth” of his or her
theory, although “the truth of the laws of a theory is but one special feature and is oen,
as we have seen, overriden in importance by the cogency and compactness and com-
prehensiveness, the informativeness and the organizing power of the whole system.”
(Goodman , ) e sense in which the artist is right is in not only “what is said
either literally or metaphorically but also by what is exemplified or expressed – by what
is shown as well as by what is said.” (Goodman , ). Given the venue, we may
dispense with talk of artistic rightness; the relevant effect of the argument is to demote
literal truth to a place subservient to a larger concept (rightness) which includes vir-
tues such as simplicity, explanatory power, and predictive power, as well as truth itself
(including ‘descriptive adequacy’, in the terminology of Chomsky ).

is is a pluralistic stance in that paradigms (Goodman calls themworlds) are always
relative to some frame of reference. Since no frame of reference is exhaustive enough to
capture all aspects of reality, different situations call for the use of different paradigms.
e model of automobile traffic we need when walking across the street need not en-
compass all that the city planner’s model requires – and vice versa: the idea that a given
percentage of drivers are distracted at a given time of day weighs heavily, but primarily
on the former; the idea that the construction of a new thoroughfare may have unpre-
dictable effects on the density of traffic on a given stretch of road need only concern the
laer.

It is not merely a desire for the scientist to appreciate art (and vice versa) that motiv-
ates Goodman’s () pluralistic project. Rather, this pluralism is a consequence of (a)
the claim that there is no such thing as ‘raw’ sense data – every observation is theory-
laden (seen in various forms in Fleck  []; Wigenstein  []; Sellars ;

I wish to stress that pluralism is not relativism: not every paradigm is worth working in, and there
are some constraints on what can be ‘right’, or alternatively, what ‘right’ can be. See section . for the
argument.





Hanson ; Kuhn ), and (b) the anti-reductionist (e.g. Fodor ; ; ; Put-
nam  [];  []; Block ) claim that, “even if in reality everything is
explained by particle physics, we cannot, given our finite mental capacities, grasp the
ultimate explanation of most complex phenomena, and would not be able to do so even
if we knew the law or laws governing their ultimate constituents.” (Nagel , ).

Together, these two assumptions have the force of (a) preventing us from seeing ‘the
world’ without a paradigm, and (b) requiring us to employ different paradigms for dif-
ferent purposes.

Returning to the question of how we relate the classical generative paradigm to the
generative-parametric paradigm, and to the larger question of how paradigms in general
relate to one another, we may say this: we may operate in as many paradigms as we find
useful, but only within one at a time. is entails that we must discern which paradigm
we are within at any given time, and also to discern when we are leaving this paradigm
and entering another. Continuing the spatial metaphor, we can recognize the paradigm
we are in by contemplating the things around us: our assumptions about the object of
study, the methods by which we learn about the object of study, and the ways in which
we interpret what we learn about the object of study.

We know that we are straying from a paradigm when we encounter inconsistencies
in these assumptions. If we were to leave the paradigm altogether (alighting on a new
paradigm, of course), this would be unproblematic. However, if we balance ourselves
between the new and the old paradigms, with one foot in each, we will exist in a half-
world of confusion, in which the objects to which our terms refer may change from
sentence to sentence. is, as I shall argue in Chapter , is the situation which has be-
fallen those of us working simultaneously (whether we are conscious of our ambivalence
or otherwise) in the classical generative paradigm and generative-parametric paradigm.

Nagel’s () antireductionism is epistemological (we have multiple paradigms because we could not
understand the generalizations we want to make at the ultimate level of analysis); whereas, for others
(e.g. Fodor ), antireductionism is understood ontologically (we have multiple paradigms because the
generalizations we want to make may not apply at the ultimate level of analysis). For our purposes, either
variety will suit.





. e experimental/historical science dichotomy

One convenient way of classifying paradigms – and one that has a long history in the
literature of a variety of traditions of research (Dilthey  []; Weber  [];
Hayek ; MacIntyre ) – is what I shall call the distinction between experimental

science and historical science. e essence of the distinction is this: an experimental
science is a paradigm whose object of study is a natural system from which independent
samples can be repeatedly drawn. ese samples may be as concrete as members of a
biological species, as in the study of animal behaviour, or speakers of a given language, as
in the classical generative paradigm; or as abstract as instances of falling, as in simple
dynamics); a historical science is a paradigm whose object of study is a system (natural
or otherwise) from which independent samples cannot repeatedly be drawn.

e ability to sample repeatedly from a system is a necessary condition for con-
ducting a crucial experiment, i.e. a situation which could lead to the falsification of a
hypothesis. at a hypothesis falsified in this way is in practice abandoned, as Pop-
per’s ( []) falsificationist theory of science holds, is doubtful (Kuhn ; Laka-
tos ; Putnam ; Feyerabend ). Nevertheless, the fact that an experiment
samples but does not exhaust a natural (in the broad sense) system is important because,
by the essential tentativity of our hypotheses, we make allowances for the unsoundness
(in the logical sense) of our inductive reasoning. In sum, the explanatory domain of an
experimental science is the natural system which gives rise to (or underlies, generates,
as you prefer) the samples which form the empirical base of the science.

We are faced with a historical science, by contrast, when the sample itself is the ex-
planatory domain of the science. No discernible natural system gives rise to the facts
which a historical science seeks to explain – or rather, whatever the natural system that
gives rise to these facts, time has winnowed the infinite possibility afforded by the sys-

ese terms are drawn from Cleland (; ).
My thanks to Heidi Harley for pointing out this excellent example.
As Lakatos () points out, in practice the correction to the theory oen involves modification

of auxiliary hypotheses rather than abandonment of the hypothesis, contra Popper ( []). e
distinction between experimental and historical science holds, however, because falsification is possible
in the former, at least in principle.

For a more exhaustive treatment of this point, see chapter .





tem down to finite eventuality. By ‘finite eventuality’, I mean simply what we see, or
have seen, in the world. To make the discussion concrete, I offer Cleland’s () ex-
amples of some famous hypotheses which, by virtue of what they intend to explain, we
must class as historical science: “continental dri, the meteorite-impact extinction of
the dinosaurs, the big bang origin of the universe, and, more recently, the hypothesis
that there are planets orbiting distant stars.” () In linguistics, we see the distinc-
tion between domains proper to experimental and historical science in the distinction
between theories of HLF and theories of the typological Sachverhalt.

Despite the fact that the literature discusses a distinction between experimental and
historical sciences, I wish to point out that it is the explanatory domain of a science that
determines whether it is an experimental or a historical science. In other words, I do not
conceive of the distinction such that there is a choice between an experimental-scientific
and a historical-scientific approach to a given explanatory domain. Similarly, in discern-
ingwhether a set of facts constitutes one ormore domains, wemay examine the practices
of the sciences which purport to explain (some o) these facts. Because exhaustive data-
sets preclude the formulation of crucial experiments, historical sciences typically argue
in a different manner: “the main emphasis is on finding positive evidence—a smoking
gun. A smoking gun is a trace that picks out one of the competing hypotheses as provid-
ing a beer causal explanation for the currently available traces than the others.” e
presence of this type of argumentation indicates that the practitioners of the science in
question consider it to be a historical one.

.. e tools of a historical science

e unreplicable nature of what is studied by historical sciences leads us to eschew
the techniques used in the experimental sciences to support hypotheses, namely infer-
ential statistics – the type associated with notions of ‘statistical significance’. Diaconis
() describes the difficulties that historical science (which he calls ‘uncomfortable
science’) has posed for statisticians:

Note that this is not falsification of a hypothesis: this is the rendering comparatively implausible of
a hypothesis.





Scientific thinking for uncomfortable science is not easy or simple to de-
scribe. It depends heavily, when practiced in the best style, on borrowing
concepts, insights, and quantities from situations judged to be parallel, at
least in specific aspects, to the situation at hand. … As a result, changes in
theory, which can involve new concepts or insights as well as new mathem-
atical models, can have great impact on the conclusions drawn from a fixed
set of observations. A frankly exploratory aitude seems mandatory when
working with such data. (, emphasis added)

e statistical paradigm that has grown up around this ‘exploratory aitude’ is called
exploratory data analysis (EDA) (Tukey ), although the EDA shares much with the
more familiar data mining (Hastie et al.  []), which can be seen as a variant
of EDA with an applied focus. e differences between EDA and classical inferential
statistics can be summarized as follows:

() Classical inferential statistics vs exploratory data analysis

a. Classical inferential statistics: a set of “principles and procedures [that] look
at a sample – and at what that sample has told us about the population from
which it came – and assess the precision with which our inference from
sample to popluation is made.” (Tukey , vii)

b. Exploratory data analysis: “It regards whatever appearances we have recog-
nized as partial descriptions, and tried to look beneath them for new insights.
Its concern is with appearance, not confirmation.” (Tukey , v)

Techniques from EDA/data mining have had substantial success in a wide variety of
disciplines. One family of techniques used to explore data is the unsupervised learn-

ing algorithms, which reveal structure in a set of data without a priori knowledge of
what groupings may exist. e unsupervised learning technique of cluster analysis (see
sections .. and ..) has been especially popular: cluster analysis groups individuals

It is important to note that the relationship between the two statistical schools was not intended to be
antagonistic: “Today, exploratory and confirmatory [analysis] can – and should – proceed side by side.”
(Tukey , vii).





into groups based on their similarity with respect to the measured data. I shall give a
brief review of some of the notable results of this technique.

In plant systematics, (Sneath and Sokal ), cluster analysis and other techniques
from EDA have been used to solve “problems that proved intractable using the methods
of traditional herbarium systematics.” (Henderson , ).

In human population genetics, Rosenberg et al. () used cluster analysis to create
a set of clusters based solely on genetic similarity which were highly predictable from
self-reported ancestry: “We have found that predefined labels were highly informative
about membership in genetic clusters. …. us, for many applications in epidemiology,
as well as for assessing individual disease risks, self-reported population ancestry likely
provides a suitable proxy for genetic ancestry.” (Rosenberg et al. , ).

In astronomy, Faúndez-Abans et al. () used cluster analysis to classify planet-
ary nebulae using only similarity in chemical properties as input variables. eir res-
ults largely matched previous classification schemes which were based on the spatial,
morphological, and kinematical properties of the nebulae in addition to their chemical
properties. Interestingly, Faúndez-Abans et al.’s results “show that the parameters [that
were] used ‘tell classes apart’ and can be restricted to about  for a reliable classification.”
()

ese studies show the simplifying value of one type of EDA, cluster analysis. We
shall see this technique, and others, again in chapter . With the usefulness of EDA
techniques for historical sciences established, let us return to a discussion of how the
notion of a historical science operates within linguistics.

.. Typology as a historical science

I have claimed earlier (in section .) that the generative-parametric paradigm con-
tains internal inconsistencies. is distinction gives us terms with which to discuss
this claim. e inconsistency arises from the explanation of the facts of the typological
Sachverhalt – the subject of a historical science – within the same paradigm as the ex-
planation of the facts of HLF – the subject of an experimental science. But why is this
a problem? Aer all, goes the objection, both paradigms ultimately seek to explain the





same things, namely the nature of Language. Shouldn’t we accept all sources of evid-
ence and look for what Whewell (, ) called the “Consilience of Inductions”? In
Whewell’s own words, the Consilience of Inductions is a criterion for the validity of
scientific hypotheses (inductions) wherein:

the evidence in favour of our induction is of a much higher and more
forcible character when it enables us to explain and determine cases of a
kind different from those which were contemplated in the formation of our
hypothesis. e instances in which this has occurred, indeed, impress us
with a conviction that the truth of our hypothesis is certain. (Whewell ,
–)

Prima facie, this is an easy proposition to accept. However, although the theoretical
objects used in different paradigms may have the same names, they never mean quite
the same thing from one paradigm to another. e paradigm in which a theoretical term
is situated constructs a picture of the world, one upon which the term’s interpretation
depends. e same term (in a lexical sense) may exist in another paradigm, but its in-
tensional (and extensional) definitions will inevitably be different. So, for example, the
typologist’s ‘language’ and the generative grammarian’s ‘language’ should be under-
stood as meaning two different things (and referring to two different sets of objects).

A language, in the sense that the adherent of the classical generative paradigm finds
interesting (i.e. an I-language), is a mental kind. A language, in the sense that an adher-
ent of the functionalist-typological paradigm finds interesting (the typological Sachver-
halt), is a material kind.

is semantic divide is an instance of the incommensurability of paradigms.

. e incommensurability of paradigms

e notion of the incommensurability of paradigms entered the discourse of philo-
sophy of science through two channels: the work of Kuhn () and that of Feyerabend
(). Although there were differences between the way in which incommensurability
was employed in each work, both were





centrally concerned to show that the meanings of scientific terms and
concepts – ‘force’ and ‘mass’, for example, or ‘element’ and ‘compound’ –
oen changed with the theory in which they were deployed. And … when
such changes occurred, it was impossible to define all the terms of one the-
ory in the vocabulary of the other. (Kuhn , )

e term ‘incommensurable’ has its origin in mathematics, where it describes a re-
lationship between two numbers that cannot be expressed as a ratio of integers (Kuhn
): for all nonzero real numbers, a and b are commensurable if there exists a rational
number a/b. So 2 and π are incommensurable because 2/π is irrational. But of course 2
and π are not incomparable: 2 < π.

e metaphorical extension to scientific theories predates both Kuhn () and
Feyerabend (): ‘incommensurable’ (German inkommensurabel) appears in differ-
ent contexts, but with similar meaning, in Fleck ( [];  []) and Einstein
(); and similar points were made even earlier, by Duhem ( []). Kuhn
() (via Kitcher ) distinguishes between three varieties of incommensurability
hypothesis:

() Types of incommensurability in Kuhn ()

a. Conceptual incommensurability: practitioners of different paradigms differ
as to what stuff their world contains. ey “impose different structures on
the world” (Kuhn , ).

b. Observational incommensurability: practitioners of different paradigms
differ as to what sorts of data count as evidence for a theory. ey “will
oen disagree about the list of problems that any candidate for paradigm
must resolve. eir standards and definitions of science are not the same.”
(Kuhn , )

Oberheim () provides a discussion of the genealogy of the concept of incommensurability, one to
which this section owes much.

Confusingly for interdisciplinarians, paradigms may share terms, but the intensional meaning of a
term in each paradigm may, and oen does, differ.

e formalist vs functionalist split exhibits this type of incommensurability. Consider in this context





c. Methodological incommensurability: practitioners of different paradigms
differ as to what are the criteria for theory choice: “Neither side will grant
the non-empirical assumptions that the other needs in order to make its
case.” (Kuhn , )

We need only grant (-a), viz. that different paradigms carve up the world in different
ways, in order to see what sorts of problems may arise in the communication of ideas
among paradigms. However, before granting incommensurability of any type, as I do in
this work, however, it is important to recognize that it has been a controversial proposal
since its conception. Given this, I wish to outline the nature of the proposal, and some
of the arguments that have been made in its favour before proceeding.

Kuhn’s () argument for incommensurability is based on the study of the history
of science. At the time, the reigning consensus within philosophy of science (e.g.Hempel
; Hempel and Oppenheim ; Nagel ; Braithwaite ; Carnap ) was
that the content of a theory could be translated without loss of fidelity into a neutral
metalanguage based in deductive logic. eories could then be compared using this
metalanguage, and this comparison could be used to determine the best theory, using
whatever criteria one preferred. Science, it was held, progressed by the successive
replacement of worse theories by beer. For Kuhn (), this conception of science
was a product of ‘Whiggish history’ and textbooks whose aims are “persuasive and
pedagogic” (Kuhn , ) , and “no more likely to fit the enterprise that produced them
than an image of a national culture drawn from a tourist brochure or a language text.”
(Kuhn , )

the o-repeated charge that generative grammarians simply assume UG without any aempt to explain
it. (e.g. Tomasello “the normal procedure in generative linguistics is either to assume the existence of UG
or to provide confirmatory evidence for it.” (, ))

For example, practitioners of the functionalist-typological paradigm are oenmotivated by an unwill-
ingness to grant the nativism (-a) that the classical generative paradigm requires. See (-c) in chapter .

e criteria for best theory included variously truth, predictivity, falsifiability, simplicity, etc.
Whig or Whiggish history is an interpretation of history as progress whose result is “to impose a

certain form upon the whole historical story, and to produce a scheme of general history which is bound
to converge beautifully upon the present – all demonstrating throughout the ages the workings of an
obvious principle of progress” (Buerfield  [], ), originally associated with the Whig faction of
English politics.





e problem that Kuhn raised was that the standard image of gradual scientific ad-
vance is belied by a close examination of history. First, instead of a gradual advance,
Kuhn discerned two distinct types of phases through which the sciences have repeatedly
progressed: phases of normal science, in which activity consists largely in ‘puzzle solv-
ing’; and revolutionary science, in which a paradigm enters a crisis which gives rise to
new, alternative paradigms. Second, Kuhn saw the way in which one paradigm replaced
another as inevitably arbitrary. Instead of comparison between the merits of two rival
paradigms according to best theory criteria, adherence to a paradigm seemed to be for
life, the new paradigm being adopted only by a new generation of scientists. Moreover,
new paradigms oen faredworse on best theory criteria: for instance, they took as given
that which the older paradigm explained (-b). e classic example is Newton’s ‘dis-
covery’ of gravity as a fundamental force, whose empirical coverage (i.e. falling and the
like) Aristotelian physics sought to explain using the concept of innate natures. (Kuhn
, )

Yet if all this were so, how could science be considered a rational activity? One pos-
sibility is that the science of ages past (and of our contemporary theoretical opposition)
is simply, to varying degrees, error – that our theory is simply what any rational fol-
lower of the scientific method would find if they had enough time as we have had. And
though it should be falsified at some point, our present theory is always the best yet to
appear. e problem with this response is, in Kuhn’s () words:

If these out-of-date beliefs are to be called myths, then myths can be
produced by the same sorts of methods and held for the same sorts of reas-
ons that now lead to scientific knowledge. If, on the other hand, they are
to be called science, then science has included bodies of belief quite incom-
patible with the ones we hold today. Given these alternatives, the historian

Consider Einstein’s famous reluctance to accept Bohr’s arguments in favour of quantum theory,
or less far afield, the typical hostility of the Bloomfieldians towards arguments in favour of the new
generative-transformational theories, which, to take a representative example, they characterized as “re-
actionary philosophical or logical speculations” which threatened to “negate all the progress achieved over
four centuries …, dragging our understanding of language back down to a state of mediaeval ignorance
and obscurantism.” (Hall , )





must choose the laer. Out-of-date theories are not in principle unscientific
because they have been discarded. (-)

If objective comparison of paradigms is impossible, then we are le wanting an ac-
count of how paradigms are chosen. Kuhn’s () proposal is that the way in which
these decisions are made is essentially arbitrary, although not irrational. It is not irra-
tional because the world admits of many points of view without protest. Aer all, it is
a “problem with which philosophers of science are all too familiar” (Kitcher , )
that the available data are always consistent with multiple incompatible theories (as was
shown, for example, by Hempel  and Goodman  []). is is why paradig-
matic assumptions are required, and an observer may choose any one on idiosyncratic
or pragmatic grounds.

Of course, because scientific practice is social, a paradigm must be shared by the
members of a scientific community and promulgated to would-be practitioners. is
laer task is achieved largely by means of scientific training which brings an aspiring
practitioner’s worldview into harmony with the established paradigm. However, if this
hypothetical student had lived a hundred years earlier, or had perhaps sought training
in another graduate program, the paradigm eventually adopted could be quite different.
Nevertheless, whatever paradigm is chosen, one is called on periodically to defend it
against all comers. e arguments one uses, however, oen serve only to strengthen the
convictions of one’s compatriots within the paradigm, and do nothing at all to convince
proponents of rival paradigms.

e cause of this ‘preaching to the choir’ phenomenon is that the arguments in fa-
vour of a specific paradigm are based on non-empirical considerations (such as explan-
atory power, predictive power, parsimony, etc.). Because these considerations are non-
empirical, they must be supplied by the paradigm. But one cannot use arguments from
within one’s own paradigm to convince someone operating within another to convert,
because these arguments only succeed for those who already accept the paradigm. is
is methodological incommensurability (-c).

is is akin to the problem familiar to linguists as the ‘logical problem of language acquisition’ (Pinker
; Baker and McCarthy ).





One of the non-empirical arguments for a given paradigm is inevitably its coverage
of the data. It is easily shown, however, that even closely related rival paradigms do not
account for the same data. Consider, within linguistics, the schism between classical
generative phonology and OT. Both purport to explain phonological competence. OT,
however, makes a virtue of the typological implications of its theories by using the tech-
nique of factorial typology. Classical generative phonology does not do so, at least not
to the same degree or as explicitly. erefore, the typological non-occurrence of a phon-
ological paern is a valid datum for OT in a way that it is not for classical generative
phonology. Even in these ‘close cousin’ paradigms, we see observational incommen-

surability (-b) in action.
Why is it that paradigms differ in what they consider to be a observation within

the purview of their science? e answer lies in the most fundamental type of incom-
mensurability, conceptual incommensurability (-a). Feyerabend () advocates a
version of the incommensurability of concepts among paradigms in favour of – what he
saw as the orthodox view among philosophers and practising scientists – “the principle
of meaning invariance” ().

His argument takes this form. e meaning of measurements depends on what they
are thought to be measuring. For example, it was once thought that “measurements of
weight before and aer combustion [were] measurements of phlogiston added or lost in
the process.” is interpretation is unavailable outside of a chemical paradigm in which
phlogiston theory is viable, and therefore, whenwemake the samemeasurements today,
their meaning must be different. Feyerabend then extends the argument to ‘raw’ sense
data:

Nobody would dream of demanding that the meanings of observation
statements as obtained with the help of measuring instruments remain invari-
ant with respect to the change and progress of knowledge. Yet, precisely this
is done when the measuring instrument is a human being (Feyerabend ,
)

e topic of the typological commitments of OT is discussed in more depth in section ..





Kuhn () develops his version of conceptual incommensurability further in re-
sponding to criticism (Davidson ; Kitcher ; Putnam ) of his (), where
the notion was first proposed (at least, first proposed by him). All three critical works
cited above argue that conceptual incommensurability would imply the impossibility
of translation between theories – and moreover, between languages. Since this is cer-
tainly not the case, goes the argument, concepts can never be truly incommensurable.
In his () rejoinder, Kuhn takes up the analogy of rival scientific paradigms to for-
eign languages and broadens his notion of paradigm to encompass both. Kuhn argues
that his critics have misunderstood incommensurable as incomparable: of course trans-
lation between theories (and languages) is possible, but these translations retain only
the reference of their originals – they do not retain “both shared categories and shared
relationships between them” (, ), and this is why they are conceptually incom-

mensurable rather than incomparable.
Although this debate may seem no more than specialists’ quibbling over the mean-

ing of jargon, for us as linguists it provides an easy point of entry to an understanding
of conceptual incommensurability. It is indeed closely related to the Whorfian prin-
ciple of linguistic relativity ( []), generalized to encompass worlds apart from
Language.

As I mentioned briefly at the end of section ., conceptual incommensurability is at
work in confounding our study of linguistic variation – but it is not incommensurability
itself that vexes us, but a particular logical fallacy that incommensurability hides. I end
this section by explaining how this occurs; nothing more than classical logic is required.
e nature of the error of the generative-parametric paradigm is that the kind of reas-
oning central to it is marked by a formal fallacy: quaternio terminorum (Feyerabend
, ), or the fallacy of four terms. Briefly, quaternio terminorum occurs when a
syllogism has four terms rather than three. So, instead of (), one sees ():

() Valid categorical syllogism (three terms)

One may of course reject Whorfian linguistic relativity and maintain a Kuhnian aitude towards
scientific paradigms.

In syllogisms, M = middle term, P = predicate, and S = subject.





a. Major premise: All dogs (M ) are loyal (P ).
b. Minor premise: All greyhounds (S) are dogs (M ).
c. Conclusion: All greyhounds (S) are loyal (P ).

() aternio terminorum (four terms)

a. Major premise: All dogs (M ) are loyal (P ).
b. Minor premise: All owls (S) are birds (M ′).
c. Conclusion: All owls (S) are loyal (P ).

Fallacious arguments using quaternio terminorum, such as (), are easy to spot. Less
easy to spot are instances of quaternio terminorum in which the middle term M silently
shis in meaning from the major to the minor premise. Now, imagine a situation in
which the homophony of the middle term M is not widely known, and in which con-
text is oen insufficient to distinguish between the two uses. is, I wish to suggest, is
the nature of the conceptual incommensurability we face in the generative-parametric
paradigm: the worst-offendingmiddle term is Language itself. Terms cannot be assumed
to be invariant across paradigms. When we assume that ‘Language’ in the generative
paradigm is the same thing as ‘Language’ in the parametric paradigm, the problem is
not that they are incommensurable terms, but that we do not realize that they are in-
commensurable terms (quaternio terminorum). If we are explicit about the paradigmatic
assumptions that inform the terms, we can ‘translate’ (Kuhn ). It requires as much
time and preparation to do this kind of translation as it does to translate between natural
languages, which is why it is so rare.

e argument, which I give in brief form in (), is elaborated in chapter  – for now
I shall belabour the point of incommensurability no further.

() e illegitimate syllogism of the generative-parametric paradigm:

a. Major premise: Language (understood as the typological Sachverhalt) (M )
is bounded in a particular way (P ).

b. Minor premise: HLF (S) generates all and only Language (understood as all
I-languages) (M ′).





c. Conclusion: HLF is bounded in a particular way (P ).

. Ideal-typology

e background material I have presented thus far relates to my criticism of the
generative-parametric paradigm. is is not solely a critical work, however – I aim also
to sketch the outlines of a new paradigm for inquiry into linguistic variation. I would
call this a cognitive-pragmatic paradigm (echoing the term’s use in Rescher ), but
by historical accident, I cannot do so. So I turn to a different tradition for inspiration
in naming the enterprise of this dissertation. I call what follows a work in the paradigm
of ideal-typology. e hyphen is there lest it be thought that I mean to use ‘ideal’ as
an honorific. It is not an ideal typology, but an -ology of ideal-types (a term of long
pedigree, dating back to Weber  []). Ideal-types are a species of concept. ey
are ‘ideal’ because they need not – and as a rule of thumb do not – have any referent
in the world. eir role in science is to mirror the natural kinds of the experimental
sciences, which support inductive inference.

() Ideal-type: An abstract entity for use in historical sciences, where experiment
cannot reveal natural kinds. It is ‘ideal’ in that it does not exist in the world;
rather, ideal-types delineate the conceptual space in which the phenomena under
investigation exist.

e paradigm of ideal-typology is based within the larger paradigms of pragmatism in
philosophy and cognitivism in psychology. Ideal-typology is pragmatic in that it re-
gards truth as instrumental, rather than final. James () gives a concise formulation

Nuyts () uses that same term for a “disciplinary framework… for an integrated descriptive system
for the many aspects and facets of natural language” (), one which “builds on observations concerning
the functional nature of language” (). My goals are different. I aim to provide a way to understand the
relationship between HLF and linguistic variation. e ‘pragmatic’ in the title of Nuyts () refers to
his contention that “an adequate description of the structure and meaning of uerances is not possible
without taking into account … factors concerning the usage of these uerances.” (). See also footnote
.

e point is beer made with the unetymological ‘o’.
I must caution the reader not to confuse pragmatism, the philosophical school, with pragmatics, the

linguistic subdiscipline.





of the pragmatic theory of truth: “Ideas (which themselves are but parts of our exper-
ience) become true just in so far as they help us to get into satisfactory relations with
other parts of our experience.” () is is not as controversial a thesis as it might seem:
the charge that it leads to a pernicious relativism (i.e a theory that allows ‘true-for-me,
but not true-for-you’) is deflected, at least in part, by the communal nature of inquiry.

Our experience as humans is inevitably social, and nowhere more so than in scientific
inquiry. If an idea is impossible to reconcile with established opinion in one’s scientific
school (recall the discussion of paradigms and incommensurability from earlier in this
chapter), how much harder will it have to ‘pull its weight’ in ordering the rest of one’s
experience in order to be seen as true! So it is with the pragmatic theory of truth: the
notion of an absolute reality to which our theories must conform is cast aside. Such a no-
tion of truth befits the study of linguistic variation because the explanatory domain (the
typological Sachverhalt) is so resistant to analysis from a ‘god’s-eye-view’, embedded
as it is in the contingent realm of history (as discussed in section .).

e paradigm of ideal-typology is cognitive, or rather the pragmatism of the
paradigm is cognitive, in that it assigns the place of highest virtue to theories with
cognitive utility rather than prediction, description, simplicity, or any other virtue of
theory. Ludlow states the same aim in his principle of methodological minimalism,
the “general principle that we ought to adopt those methods that allow us as theorists
to accomplish our goals with the minimum amount of cognitive labor” (). eory
construction is then guided by (i) the ways of thought, and (ii) the ends of thinkers.

What is meant by ‘the ways of thought’? e assumption I make here is that, like all
other forms of thought, theory construction is constrained by cognitive predispositions,
and that there are more and less natural ways of going about it. As a simple example, let
us take Miller’s () famous result that “the span of absolute judgment and the span of
immediate memory impose severe limitations on the amount of information that we are
able to receive, process, and remember” (), and that “for unidimensional judgments

e communal nature of inquiry can be compared to the (generally) public nature of concepts. My
thanks to Heidi Harley for this insight.

For arguments against metaphysical realism as requiring a ‘god’s-eye-view’ of the world, see Putnam
(; ; ).





this span is usually somewhere in the neighborhood of seven.” () We may use this
result, and others like it, as a guide, and premise that a ‘cognitively natural’ theory
would not require judgement between more than approximately seven possibilities in
any given class. I must stress that such limits to natural theories apply regardless of
the properties of the system one is studying, be it mental or otherwise. It is the cognition
of the theorist that is respected, not the structure of the theorized.

Of course, there are more guides in theory construction than the magical number
seven. One need only survey the fast-growing body of work in cognitive science to find
additional principles with which to work. For my part, I have used in chapter  the work
of Gärdenfors (, and references therein) in geometric representations to construct a
(micro-)typological theory of tone systems in the Chinese languages. I hope that work
of this nature will allow for a new type of relationship between the cognitive and the
historical sciences, one in which the theories of cognitive scientists are tested by their
use in the construction of theories in the historical sciences.

What is meant by ‘the ends of thinkers’? I assume here that inquiry is conducted
with an end in mind, whether or not that end is explicit. When the inquiry is considered
scientific, its practitioners impose upon it certain conditions: these are the theoretical
virtues such as simplicity, predictive power, explanatory power, etc., as discussed earlier.
To create and elaborate theories excelling in these virtues is a principal end of scientific
inquiry. Our perceptions of how well we have accomplished these goals is, of course,
mediated by our cognitive capacities and predilections. I propose that, whenwe are faced
with theories that go against these features of cognition, we tend to find these ‘unnatural’
theories wanting with respect to some theoretical virtue or other: the theory describes
and does not explain the data, is excessively complicated, or makes no predictions, to
name some common objections.

In Saussurean terms, the number of elements in a theoretical paradigm should not by much exceed
seven.

is reconstruction of theoretical virtues owes as arising from cognitive constraints owes much to
Ludlow’s () proposal to reconstruct them as pragmatic guides towards efficiency in theory construc-
tion and theory switching.





Are these really failings in the theory, however? Our very conception of theoretical
virtues is parasitic on something theory-external. Consider explanation. How do we
count what is an explanation and what is a prediction? For a given situation “Which
factors are explanatory is decided not by features of the scientific theory but by concerns
brought from outside.” (van Fraassen , ) For example: “the question why the
porch light is on may be answered ‘because I flipped the switch’ or ‘because we are
expecting company,’ and the context determines which is appropriate.” (van Fraassen
, )

Moreover, a purely internal conception of explanation falls prey to logical problems.
Most famous is the asymmetry problem: we consider the length of a pendulum to explain
the period of its oscillation, but we do not consider the period of a pendulum’s oscillation
to explain its length (Bromberger ).

Consider also simplicity: Postal ( []) articulates a widely-held view that
“With everything held constant, one must always pick as the preferable theory that
proposal which is most restricted conceptually and most constrained in the theoretical
machinery it offers.” (–, as cited in Ludlow , ) ere are several problems
with this criterion for theory choice. e first problem comes from the difficulty of
measuring simplicity by counting bits of theoretical machinery. As Ludlow puts it:

e problem is that ‘machinery’ can be defined any way we choose. …
Even if we could agree on what counts as part of the machinery, we immedi-
ately encounter the question of how one measures whether one element or
another representsmoremachinery. Within a particular well-defined theory
it makes perfect sense to offer objective criteria for measuring the simpli-

We see the asymmetry problem writ small in phonological theory as well. e problem of determin-
ing which of two alternative featural representations captures overdetermined phonological contrasts is
formally identical:

/t/ is opposed to /n/ not only in nasality but also in voicing (/t/ is voiceless, /n/ is voiced)
and sonority (/t/ is an obstruent, /n/ is a sonorant): how do we know that nasality is the
contrastive feature and not one of the others?” (Dresher , )

Pace Goodman’s (): “a primitive idea of a sequence or relation may be considered as having the
complexity of the simplest class known to be adequate to define that sequence or relation” (). See also
Goodman (; ; ;  []), where this idea was refined and further developed.





city of the theoretical machinery, but measurement across theories is quite
another maer. (Ludlow , )

e second problem arises from the ‘with everything held constant’ clause. is is
the notion of the incommensurability of paradigms returning to confound us: it is never
the case that everything is held constant, and we are presented with two theories which
account for the same data. In all but the simplest cases, two theories will differ in what
they consider to be their domain of explanation.

ird, the equation of ontological parsimony (i.e. paucity of theoretical objects) with
theoretical simplicity needs further argument. ere are theories which derive simpli-
city from aesthetic value (Derkse ) or from a principle of epistemological conser-
vatism (Christensen ), theories which equate simplicity with higher (Jeffreys 
[]) or lower (Popper  []) prior probability, and theories which reject an epi-
stemic (non-pragmatic) (ine ) or universal (Sober ; ) definition of simpli-
city. ere are others. Whatever theory of simplicity we accept, the diversity of opinion
in the literature compels us at least to consider the alternatives.

In sum, ideal-typology’s assumption of cognitive pragmatism () holds that our ends
and interests determine what we count as a good theory. In science, we generally con-
sider the theoretical virtues of explanation, prediction, simplicity, etc. as central to a
good theory. From the perspective of ideal-typology, however, these virtues are not
intrinsic to theory, but rather arise from the relationship of theory with its context. Be-
cause theorizing is a human endeavour, the context of cognition looms large over theory
construction, and what counts as a good theory is closely related to what is cognitively
natural.

. Organization of the work

is dissertation is the result not of an a priori design, but rather of a process of
convergent evolution. e conclusion that theories of HLF and theories of linguistic
variation are logically separate became apparent in to me in what were, at first, three
separate lines of inquiry. Some traces of this diversity will no doubt be felt in the nature





of the case studies I have chosen to illustrate the themes of this work. In fact (with the
exception of the more schematic discussion of syllable structure in section .), it was
these studies which served as the incubators in which these ideas grew.

Chapter  continues the discussion of the incommensurability of scientific paradigms
by contrasting the notions of Language among the classical generative paradigm, the
functionalist-typological paradigm, and the generative-parametric paradigm. I show,
with the aid of some notions and arguments from the epistemological literature, that
the vast difference in the ontologies presupposed by the classical generative paradigm
and the functionalist-typological paradigm prevent them from engaging substantively
with each other on most issues. I show also that the problem of incommensurability
occurs to even worse effect in the generative-parametric paradigm, when radically dif-
ferent kinds are interchanged under the same name in the midst of an argument: here
a language is a state of HLF (an I-language), there the idealized result of historical pro-
cesses (a kind of E-language). I conclude the chapter with an illustration (using the
classic OT analysis of syllable structure) of the invalid style of inductive inference pre-
supposed by the generative-parametric paradigm: its reasonable theories of typology
become unreasonable theories of HLF, and vice versa.

In chapter , I ask the question: can we reimagine the generative-parametric
paradigm as a species of inferential-statistical inquiry? at is, do we skirt the prob-
lems brought up in chapter  by speaking of probable vs improbable languages? No,
even this concession to the functionalist-typological paradigm cannot solve the logical
problems at the heart of the generative-parametric paradigm: the relationship of the
data to the causal system we are investigating (HLF) does not fit the assumptions un-
der which inductive (and, perforce, statistical) inference is valid. is is illustrated by
a series of quantitative analyses of various syntactic and morphological analyses of the
position and nature of agreement morphemes.

Chapter  is wrien in a constructive mode. e problem with the approaches taken
in the previous two chapters can be located in the assumption that the causal system
under investigation is HLF. If we erase the distinction between HLF-internal (cognitive)
causes of typological phenomena and UG-external (‘accidental’) causes, we can employ





the familiar methods of typology without fear. But what then are we explaining? It
is not HLF, or, at least, not exclusively HLF. I propose a new, pragmatist notion of ex-
planation for comparative linguistics: a reduction/unification of complex phenomena to
simple systems (‘typologies’) by means of theoretical devices (ideal-types) that represent
no entity in the world, but rather ideal principles by which we order the world. is is
illustrated by an analysis of the diversity of tone systems in varieties of the Chinese fam-
ily: I show that an adequate measure of general similarity of Chinese tone systems can
be constructed using only six variables. Further, the most important of these variables
encodes a quality interpretable as a variety’s degree of Northernness (i.e. with respect
to its location in China) or its degree of Mandarinness (i.e. how much does the variety’s
tone system approach what we might call a prototypically-Mandarin tone system).

Chapter  concludes the work. It begins with a summary of what this dissertation
has shown. I then proceed to a sketch of how ideal-typology relates to other paradigms
in linguistics. I present a selection of contrasts with other paradigms to illuminate what I
take to be important features of ideal-typology. I end with a discussion on what it means
for something to be ‘explained’ in linguistics, and the salutary role that ideal-typology
can play in such a discussion.

. Conclusion

is chapter has seen me aempt three tasks. First, I introduced the notion of re-
search paradigms within the study of Language, distinguishing among three: the clas-
sical generative paradigm, the functionalist-typological paradigm, and the generative-
parametric paradigm. Second, I argued that the widely-held generative-parametric
paradigm is a logical chimaera, born of the uncomfortable graing of the methods of
the classical generative paradigm onto an explanatory domain beer suited to a histor-
ical science such as (some interpretations o) the functionalist-typological paradigm.
ird, I outlined some relevant notions from allied fields in order to provide grounds for
the replacement of the generative-parametric paradigm with a new paradigm of ideal-
typology. So much for the flowering meadows of the generalities – let us now begin the

Bybee and Pagliuca’s () and Blevins’s () implementations come to mind.





trek into the brambled uplands of the specifics.





Chapter 

Linguistic kinds and the problem of induction

With ignorance your knowledge will
ever be mixed, but the true and
proper opposite of knowledge is
presumption of knowledge.

(Schleiermacher  [], )

. Introduction

Recall the division introduced in chapter  between the two distinct areas of concern
in the study of Language. e first (the classical generative paradigm) deals with the
question: what is the nature of the linguistic abilities of an (idealized) individual? e
second (the generative-parametric paradigm) concerns the question: what does it mean
to be a human language? ose who study the former question seek to characterize how
a person produces and comprehends his or her language. eir data are the acceptability
(or otherwise) of sequences of sounds and words. ose who study the laer question
seek to characterize the nature of Language in general. eir data are the grammatical
paerns of the multiplicity of human languages in the world.

e purpose of this chapter is to demonstrate that the generative-parametric
paradigm is a hybrid paradigm, with half of its domain (HLF) befiing an experimental
science and half of its domain (linguistic variation) befiing a historical science. I ar-
gue that this leads to (a) spurious, overly-restrictive claims about the nature of HLF,
and (b) illegitimate, question-begging justifications for particular theories of HLF. e
generative-parametric paradigm does not exhibit hybrid vigour, but rather a patholo-
gical ‘Frankensteinism’: the reason for this arises from the problem of induction.

Briefly, induction is a type of inference “in which the conclusion purports to go bey-
ond what is given in the premises and, therefore, is not regarded as following necessarily





from them.” (Rhoda , ) Induction is contrasted with deduction, which “purports to
make explicit what is already given in the premises.” (Rhoda , ) Because deduct-
ive reasoning is not ampliative – it does not broaden our knowledge regarding maers
of fact – it alone can be necessary, i.e. its conclusions follow from its premises (if the
reasoning is done properly).

e problem of induction is the problem that comes from realizing that inductive
inference does not lead to logical entailment. In other words, no amount of observation
can allow us to transcend the finite nature of generalization over instances into the in-
finite realm of law. is is a problem because almost all useful knowledge is obtained in
this manner. Imagine the kind of life that would result from doubting daily that the sun
should rise tomorrow, or that today’s nourishment will not change to poison overnight.
Clearly we do act as if these inductions are justified, and further, this game of make-
believe appears itself to be justified! Hence the problem of induction.

e naïve pratice of the experimental sciences has a ready (albeit oen tacit) solution
at hand: the observation of instances is a reliable way to natural laws insofar as the
instances are instances of natural kinds (as was argued more formally by ine ).
e justification is circular, but apparently adequate to satisfy our cognition: we believe
that natural kinds are similar because they behave similarly in similar situations. In
scientific inquiry, we discover this similarity by doing experiments. Of course, this is an
impossible strategy in a historical science such as typology.

() A précis for the busy linguist

a. Arguments from the distribution of linguistic phenomena in the world (the
typological Sachverhalt) to facts about HLF are valid only insofar as that
distribution is a natural kind.

b. We have no way of knowing whether the distribution is a natural kind, be-
cause we have no opportunity to test whether similar distributions would
be obtained under similar conditions.

c. erefore, inference from the typological Sachverhalt to HLF is dubious.
See section .. and references therein for a fuller description ofwhy this circularity is unproblematic.





e chapter is organized as follows: in section ., I outline the historical development of
solutions to the problem of induction from Hume, and discuss the centrality of the prob-
lem in the philosophy of science. I argue that a cognitive analysis (Hume  [];
Goodman  []; ine ) of the validity of inductive inference is consonant
with the assumptions of every paradigm I discuss in this work, and is the most sensible
way for linguists to approach the epistemological foundations of their work as scientists.
Section . contrasts the ontologies of various paradigms in linguistics, in preparation
for section ., in which I show that inference from typological Sachverhalte to a the-
ory of linguistic competence satisfies none of the criteria necessary for valid inductive
inference. I express this argument in the terms of ine (): unlike HLF, the typo-
logical Sachverhalt is not a natural kind and therefore predicates which are true of it do
not support inductive inference. Section . illustrates the argument using standard OT
(Prince and Smolensky  []) approaches to syllable structure as an example. In
section ., I examine the lessons about the practice of linguistic inquiry that we may
learn from this exercise.

. e problem of induction and its enemies

e contradictions of the generative-parametric paradigm arise because of a mis-
guided over-application of the methods of experimental science to a problem which, by
nature, resists experimental test. is in turn results from a falsificationist theory of
science – one which holds the term experimental science to be a tautology. e fact that
such a theory of science has lead us into a logical morass compels us to clear it out to
make way for a new one. But before we take out the hatchet, we should understandwhat
motivated the falsificationist theory of science in the first place? e answer is nothing
other than the hoary problem of induction. I shall therefore give a brief genealogy of the
problem, with a view to explaining how it came to motivate the falsificationist theory
of science, and how scientists have survived the jeisoning of such a theory.

It was David Hume who made the problem of induction the central scandal of epi-
For those readers unfamiliar with the problem of induction, I recommend Salmon () as an intro-

duction to the topic.





stemology. e locus classicus for Hume’s formulation of the problem of induction is in
section IV of the Enquiry Concerning Human Understanding, subtitled “Sceptical doubts
concerning the operations of the understanding” ( [], ). Hume’s goal in this
section is to discover the nature of reasoning about maers of fact (i.e. synthetic propos-
itions; as opposed to analytic propositions, which are Hume’s “relations of ideas” (Hume
 [], ). Analytic propositions did not present a challenge to Hume’s project,
since they are proved or disproved without reference to the state of the world (i.e. the
Sachverhalt).

Synthetic propositions, on the other hand, require experience of the world in order
to evaluate. is is a problem for Hume’s ( []) empiricist system, because no
amount of experience alone could produce justification for synthetic propositions of a
kind similar to the certainty available to proofs of analytic propositions. Why? Because
reasoning from experience requires the belief that “the future will resemble the past”
(Howson , ) – in other words, we must assume a principle of uniformity of nature.
But this principle is a synthetic proposition, just as was the proposition which we were
trying to justify by invoking the principle of uniformity of nature. So what justifies the
laer? e answer, for an empiricist, must be ‘more experience’ – an infinite regress
follows.

One can see the stirrings of a problem for the working scientist in this result. If we
cannot depend on the uniformity of nature, then what do our past experiments tell us
about the future? Precisely nothing. e problem of induction indeed! I shall review
the main types of solution that have been proposed so that we can understand how best
to approach the problem as linguists, or as cognitive scientists more generally.

.. Induction is human nature: Hume, Kant

e problem of induction looms large in the fundamental epistemological theories
of David Hume and Immanuel Kant. Both advance a psychological solution to the meta-
physical/epistemological problem of induction. e claims staked by each philosopher
largely define the poles between which the pendulum of fashion psychology has swung
over the past two centuries.





Hume’s ( []) solution to the problem of induction was to posit “a principle
of human nature” (Hume  [], ) which allows us to reason inductively. ere is
no justification for the validity of inductive inference, either by Reason or by experience.
What must be explained, instead, is the human propensity to act as if there were. e
impact of Hume’s approach to the problem of induction can be felt in contemporary
times in the aitude of behaviorist psychology: the association of like with like is a
human “Custom or Habit” (Hume  [], ), to be studied as any other.

Kant’s ( []) solution, by contrast, is the forerunner of cognitivist psychology.
For Kant, Hume was correct in arguing that inductive inference cannot be justified by
experience alone. But Kant could rely on something other than experience. Kant’s in-
novation was to argue that “although all our knowledge begins with experience, it does
not follow that it arises from experience [alone]” ( [], ). Rather, what we
think of as our experience is constructed out of sense data as well as “that which our
own faculty of knowledge supplies from itsel” (). Our propensity to believe induct-
ive inference inheres in our ‘faculty of knowledge’. It is not mere habit, as Hume would
have it, but rather a feature of cognition.

Despite their differences, both Hume and Kant treat inductive inference as unsup-
portable logically, and consider the problem of induction a maer for (what would come
to be called) psychology to study. For this reason, many have considered their style of
solution unsatisfying. Four alternative styles of solution came to be proposed in the th
century: one based on inductive justification (Black ; ), one on pragmatic justi-
fication (Reichenbach ; Salmon ), one on a deductive justification (Popper 
[]; ) one on a cognitive justification (Goodman  [];ine ), which
amounts to a modernized version of the Humean solution. I present a brief outline of
each here, but will adopt a broadly cognitive analysis of induction for the purposes of
this dissertation. I believe that a cognitive justification is easiest to reconcile with the
assumptions of linguists and other cognitive scientists, regardless of the paradigm in
which we work.

No pun intended.





.. Induction justifies itself: Black

Despite Hume’s ( []) arguments to the contrary, there remains a common-
sense idea that induction’s past successes justify its future application. Black (;
) presents a formalization of this intuition, i.e a justification of inductive inference
by means of higher-order inductive inference. For Black, induction is ‘self-supporting’
rather than circular. His main contention is this:

when an inductive rule has been reliable (has generated true conclusions
from true premisesmore oen than not) in the past, a second-order inductive
inference governed by the same rule can show that the rule deserves to be
trusted in its next application. (Black , )

Crucial to Black’s () argument is the notion of a hierarchy of orders of inference.
e lowest order consists in arguments about individuals, e.g. (), and rules for assigning
probabilities to these arguments, e.g. ():

() Argument A1:  languages have been examined, and all allow syllables with
onsets, therefore the next language examined will allow syllables with onsets.

() Rule R1:Argument A1 is probably – with, say, probability p > 0.9 – true.

e argument for accepting R1 is crucially not A1, but an argument of a higher order
A2:

() Argument A2: R1 has been applied n times and found to guide us to a true con-
clusion on m occasions, therefore the next time R1 is applied it will once again
lead us to a true conclusion.

is is in turn justified by a rule R2, and so on.

e problem with Black’s () treatment of induction is that it does indeed hide
a circular argument. is point was raised by Salmon (): the self-supporting ana-

e probability p was calculated according to a rule given in Black (, ), which I shall not
reproduce here due to the merely illustrative status of the example.

is discussion has benefited from the clarifying exposition of Skyrms .





lysis of the justification of induction just as easily supports ‘counter-inductive’ methods,
where one could argue “from Most instances of A’s examined in a wide variety of condi-

tions have not been B to (probably) e next A to be encountered will be B.” (Salmon ,
): each time you don’t win the loery makes it more likely that the next time you play,
you will win. is dubious method of inference is just as self-supporting as is Black’s
method, but their results directly contradict each other. We cannot distinguish between
the two methods without “assuming the truth of the conclusion” (Salmon , ).

Instead of providing a justification for induction, Black’s account is perhaps best
understood as a description of our construal of the notion of the gradient validity of
inductive arguments. To address the question of justification, however, we should do
well to consider one of the other options.

.. Induction is inference to the best explanation: Reichenbach, Salmon

Reichenbach’s () analysis of the justification of induction (further developed by
Salmon ()) begins from admiing that inductive inference cannot be justified by
either deductive or (further) inductive reasoning. Instead, he builds his case on (what
one can see as) a Peircean notion of abductive reasoning:

An Abduction is a method of forming a general prediction without any
positive assurance that it will succeed either in the special case or usually, its
justification being that it is the only possible hope of regulating our future
conduct rationally (Peirce  [], )

Abductive reasoning has neither the quality of necessity (as has deductive reasoning)
nor of probability (as has inductive reasoning); the conclusion of an abduction is rather
suggestive.

For Reichenbach, the goal of justifying induction does not require proving its re-
liability; only proving its reasonability in the circumstances in which it is done. His
argument: we do not know whether the world is predictable. If the world is not predict-
able with respect to the object of our inference, inductive inference – which depends on
the predictability of the world – will not work in that case, i.e. it will not lead us to a





true conclusion. If the world is predictable in the relevant way, inductive inference will
work.

e same, however, cannot be said for other types of reasoning: Reichenbach’s ex-
ample is of a clairvoyant. Either the clairvoyant is an honest one, and can always tell
the future, or not. If the clairvoyant is honest, the only way we would know this is by
induction: by comparing her predictions against what later happened. In such cases,
it is reasonable to trust the clairvoyant only as much as we trust in induction. If, how-
ever, we were dealing with a false prophet, right only ever by accident, it would not
be reasonable to trust her. So prophecy is either a scam or depends on induction. is
argument, of course, presupposes that the world be predictable in the way in which we
are interested. If it indeed is not predictable, then no method will suffice to lead us to
true conclusions. erefore, in all cases induction is either superior or equal to proph-
ecy (or any other method of gaining knowledge about the future), and is therefore to be
preferred.

Reichenbach () briefly:

We must say that, if there is any method which leads to the limit of the
frequency [i.e. the probability of an event’s occurrence -], the inductive
principle will do the same; if there is a limit of the frequency, the inductive
principle is a sufficient condition to find it. (Reichenbach , )

Accepting Reichenbach’s argument depends on assenting to the validity of abductive
inference. If it is indeed necessary only to prove that induction is reasonable in everyday
life, then Reichenbach’s solution (or something like it) is satisfying indeed. I shall not,
however, assume that all readers share this assumption, so I will leave the pragmatic
solution alone for the duration of this study.

I have in mind a Pythia-like figure.
For Reichenbach, the probability of an event is to be understood as the limit of the frequency of occur-

rences of that event. Contrast this physical (more specifically, frequentist) interpretation of probability
with the Bayesian interpretation, where probability represents the degree of plausibility of, or belief, in a
proposition.

Although any reader of chapter  will doubtless glean that I do.





.. Induction isn’t real, at least not in science: Popper

Popper also rejected Hume’s ( []) psychological account of the validity of
induction with the following argument: if we are to posit a habit of belief in induction,
as does Hume, we first require a notion of similarity between past and future events. For
an empiricist such as Hume, this notion of similarity cannot exist per se, but must rather
be ‘read o’ of objects in the world. erefore, similarity exists in the psychological –
subjective – realm. Any subjective notion of similarity presupposes a point of view, a
set of beliefs by which objects are judged as similar or dissimilar. But this set of beliefs
itself requires a notion of similarity, which requires a set of beliefs by which similarity
is judged, etc. ad infinitum.

For Popper, the notion of similarity by repetition is the result, rather than the cause,
of our propensity to expect regularities: we impose laws on the world and test them.
Extending this idea to science, we may say that science proceeds from theory to obser-
vation, rather than from observation to theory.

is conclusion led Popper to supplant verificationism with an alternative in much
the same spirit as its predecessor, albeit with a crucial reversal: instead of insisting on
the verifiability of theories, he required that theories be falsifiable. is had the effect
of turning an inductive procedure into a deductive one, and skirting the problem of
induction altogether:

My proposal is based upon an asymmetry between verifiability and
falsifiability…which results from the logical form of universal statements.
For these are never derivable from singular statements, but can be con-
tradicted by singular statements. Consequently it is possible by means of
purely deductive inferences (with the help of the modus tollens of classical
logic) to argue from the truth of singular statements to the falsity of univer-
sal statements. (Popper  [], )

Popper uses this solution to the problem of induction to formulate a demarcation
Popper’s () argument against Hume’s ( []) associationist-psychological theory does not

hold against Kant’s ( []) faculty-psychological theory.





criterion between science and pseudo-science: a scientific theory is just one which al-
lows for falsification. e definition of scientific inquiry as a deductive procedure leads
quickly into the falsificationist theory of science, which grants no place to unfalsifiable
hypotheses. Popper’s ( []) proposal has been criticized, however, on logical
grounds as well as on grounds from the history and philosophy of science Salmon ().

e logical problem with falsificationism’s insistence on the non-existence of in-
duction in science was pointed out by Salmon (): reducing all scientific inquiry
to deduction means that no general theories, prediction, or explanation would be pos-
sible. e reason is that deductive inference is non-ampliative in character: it preserves
truth-values, but does not add new information. If all scientific inference were truly
deductive, then no new information could come out of it – it would merely explore the
consequences. Salmon does not believe that Popper ( []) intended this con-
sequence. Instead, he suggests that falsificationism covertly contains an inductive ele-
ment: corroboration. Not all unfalsified hypotheses are equal in the eyes of the falsific-
ationist, aer all. (Popper  []) would have us privilege one that is more corrob-
orated over one that is less so. But why?

When we ask “Why should we accept from among all the unfalsified
hypotheses one that is highly corroborated?” we have a right to expect …
some kind of justification for the methodological rule … of corroboration.
(Salmon , )

Whatever one calls this rule, it is equivalent to induction in the ways (i.e. it is ampliative
and non-demonstrative) which give rise to the problem of induction, and is therefore no
solution.

From the perspective of a scientist, falsificationism’s appeal is a strong one: it
provides a philosophical justification for a scientist’s work – one that does not rest on
the shaky ground of induction. It may therefore be of some surprise that, although it
“has had a deep influence of the thinking of many philosophically inclined scientists
and other thinkers” and “remains deeply influential outside professional philosophical
circles,” Popper’s falsificationism “has had rather lile impact on recent philosophy of





science”. (Boyd , )
Indeed, falsificationism’s influence is felt in contemporary linguistic discourse. Take,

for example, Tomasello ():

No, as philosophers of science since Popper () have emphasized, the
quest to confirm a scientific hypothesis is fruitless: we simply propose a
hypothesis and hope it stands up to aempts at falsification. If it is con-
structed in a way that makes it immune to falsification, then it may be a
prey picture of the world (as, for example, Freudian psychology or Marxist
sociology), but it is not science.” ()

In fact, Tomasello (pace ), this is the position of virtually no contemporary philo-
sopher of science. e primary problem with falsificationism as an account of scientific
practice, as noted (for example) in Kuhn () and Putnam (), is that is a poor one:
it is never, and has never been, the case that a single false statement compels scientists
to reject a theory from which the false statement is deduced. In fact, many important
theories taken alone allow no empirical statements to be deduced from them, except by
means of auxiliary hypotheses.

e failure of falsificationism should not be taken as denigrating falsifiability of hy-
potheses. e making of falsifiable hypotheses (in an experimental science) is an ex-
tremely important part of scientific practice. But it has never been essential.

.. Induction is human nature, redux: Goodman, ine

Having reduced falsifiability to the status of a virtue, rather than a definition, of
scientific hypotheses, we are confronted once again with the problem of induction. And
even if falsificationismwere tenable, it would still only be an account of scientific inquiry,
and not inquiry, or broader still, cognition in general. So the problem of induction still
stands.

‘Auxiliary statements’ is Putnam’s preferred term; for Lakatos (), this is the ‘protective belt’ sur-
rounding the ‘hard core’ of the paradigmatic assumptions.

Davis et al. (to appear) present a recent and timely argument for the use of the classical generative
paradigm (as I identify their C-linguistics) in the study of the syntax and semantics of theworld’s vanishing
languages based on the falsifiability of the paradigm’s hypotheses.





Enter Goodman ( []). Goodman notes that Hume’s ( []) solution
(viz. that, although induction is not deductively valid, it is a fact of cognition), while
“reasonable and relevant … is not entirely satisfactory.” ( [], ) Goodman sug-
gests that the important task is not to justify inductive inference, but rather to describe

what we treat as valid induction.
Goodman observes that not every sort of observation causes us to make predictions

of future observations. Not every predicate tempts us to inductive generalization:

at a given piece of copper conducts electricity increases the credibility
of statements asserting that other pieces of copper conduct electricity, and
thus confirms the hypothesis that all copper conducts electricity. But the
fact that a given man now in this room is a third son does not increase the
credibility of statements asserting that other men now in this room are third
sons, and so does not confirm the hypothesis that all men now in this room
are third sons. (Goodman  [], )

Goodman calls this the distinction between projectible (e.g. ‘is a piece of copper and
conducts electricity’) and unprojectible (e.g. ‘is in this room and is a third son’) pre-
dicates. What is the distinction between the two? What makes a predicate projectible?
Goodman calls this the new riddle of induction.

e solution to the new riddle of induction, Goodman claims, is that some predicates
become entrened. Entrenchment of a predicate arises simply from the “frequency
with which we have actually inductively projected a predicate in the past” (Putnam ,
xiii). As ine () puts it, “In induction, nothing succeeds like success.” ()

One might object that this analysis is circular. Goodman agrees, but qualifies that:

this circle is a virtuous one. e point is that rules and particular infer-
ences alike are justified by being brought into agreement with each other. A
rule is amended if it yields an inference we are unwilling to accept; an inference

is rejected if it violates a rule we are unwilling to amend. … in the agreement
achieved lies the only justification needed for either.” ( [], )





ine () presents a similar analysis, although he puts it in realist terms: project-
ible predicates are projectible because they are “true of all and only the things of a kind.”
() ese natural kinds are determined by the similarity of the various objects in the
world. But what is this “muddy notion” (ine , ) of similarity? It is something
which “purports to be an objective relation in the world” (ine , ), independent
of us observers – science’s task is to define notions similarity in “bits suited to special
branches of science” (ine , ). So ine’s similarity, and therefore kinds, are
natural – they are part of the world. By contrast, Goodman’s ( []) entrenched
predicates are entirely conventional, although not necessarily arbitrary.

e similarity between the two accounts is this: some predicates are beer for in-
duction than others. We see (some) things are similar to others. is might be because
we get done what we want to get done beer when we consider them as similar (Good-
man  []), or it might be because they really are similar, and we would do well
to bring our beliefs into line with how the world is (ine ). For our purposes here,
it makes no difference. Regardless of the particular analysis one prefers, we can see
what we need to silence the problem of induction, and thereby give a good account of
scientific inquiry: we need a notion of ‘kind’, be it natural or conventional.

Let us briefly review the theories described in this section. A list is given in ().

() eories of induction:

a. Hume ( []): our propensity to believe inductive inference is a habit
of human nature.

b. Kant ( []): our propensity to believe inductive inference is a feature
of our faculty of knowledge.

c. Black (; ): inductive inferences about individuals is supported by
higher-order inductive inferences about the first inductive inferences.

d. Reichenbach (): inductive inference is the most reasonable way to draw
inferences from instances given that we do not know whether the world is

See section ., where I discuss Goodman’s () theory of ‘world-making’, which elaborates Good-
man’s ( []) epistemology further.





regular.
e. Popper ( []): inductive inference is unnecessary if we aempt only

to falsify, and never verify, hypotheses.
f. Goodman ( []): our propensity to believe some inductive inferences

and not others arises from the fact that only some predicates have become
entrenched through use in a community.

g. ine (): our propensity to believe some inductive inferences and not
others arises from the fact that only some predicates refer to natural kinds

I shall be assuming ine’s () analysis, which I believe to be the most palatable
to experimental scientist. e notion of natural kind therefore becomes of paramount
importance for us.

Coming up with an appropriate notion of ‘kind’ is the job of a paradigm. e ques-
tions to ask about a particular paradigm are: What kinds does it let us talk about?, and
Are we beered at all for this new way of seeing the world? I shall now confront our
paradigms with these very questions.

. Natural kinds in linguistics

e tasks of this section are (i) to describe the natural kinds of classical generative
paradigm, functionalist-typological paradigm, and generative-parametric paradigm, (ii)
to consider what is gained by adopting each of these ontologies, and (iii) to describe the
problems particular to the kinds offered by the generative-parametric paradigm. In de-
scribing each paradigm, I must lump and split things in ways that may seem arbitrary. I
abstract from the lively and salutary internal debate that each paradigm contains, for in-
stance, but I am confident that the reader should be compensated for this with a usefully
brief overview of some relevant differences among the paradigms.

.. Natural kinds in the classical generative paradigm

Recall from chapter  that I use the term ‘the classical generative paradigm to refer
to a particular paradigm of linguistic inquiry. Like any paradigm, it is guided by a set of





assumptions, principal among which are the following:

() Assumptions of the classical generative paradigm

a. Nativism: “there is a rich, innate, species-specific component of the mind
dedicated to language” (Boeckx and Piaelli-Palmarini , ). In this
work, I call this component the human language faculty (HLF).

b. Deep-surface dichotomy: there is a distinction between “a deep structure that
determines … semantic interpretation” and “a surface structure that determ-
ines … phonetic interpretation.” (Chomsky , )

c. Underdetermination of HLF: as rich as HLF is, its content is underde-
termined, and is therefore found instantiated in the world in multiple states,
i.e. multiple languages

d. Judgement as datum: a particular state of HLF corresponding to an I-
language L can be studied by eliciting grammaticality judgements from a
native speaker of L

Although the terminology may differ from implementation to implementation within
the classical generative paradigm, this set of assumptions covers much of the research
following Chomsky () up to the early s, and to some extent, to the present day.

Given these assumptions, we may deduce what natural kinds the classical generative
paradigm takes to exist. What is to be explained? Linguistic judgements – a mental
kind. What counts as an explanation? A statement about HLF – another mental kind.
e classical generative paradigm is mentalistic indeed, and moreover, it is exclusively
mentalistic. ere is no need for world-objects (E-language, performance, etc.) in the
ontology, except to the extent that we take minds themselves as world-objects.

is distinction is one of the most revised from one iteration of Chomsky’s theories; nevertheless,
some sort of concept between ‘linguistic appearance’ and ‘linguistic reality’ remains in the classical gen-
erative paradigm to this day.

Judgements are not the only possible explanandum of a theory of HLF, but they are the only necessary
explanandum, so I concentrate on them in this dissertation.

e mental nature of the ontology of the classical generative paradigm has always been explicit in
Chomsky writing, e.g. “in the technical sense, linguistic theory is mentalistic, since it is concerned with
discovering a mental reality underlying actual behavior.” (Chomsky , )





Before contrasting the natural kinds of the classical generative paradigm with those
of the generative-parametric paradigm, it is instructive to pause to consider the onto-
logy of the functionalist-typological paradigm, for we shall see that the ontology of the
generative-parametric paradigm lies square between the two.

.. Natural kinds in the functionalist-typological paradigm

In using the term ‘functionalist-typological paradigm’, I am guilty of conflating what
is a diverse set of views about Language and how best to study it. For example, there are
works among those which I cite here which would be beer described as ‘functionalist’
than ‘typological’, and vice versa. Perhaps what they share most of all is an opposition
to the goals and methods of the classical generative paradigm – and not even all share
this. Nevertheless, there are some assumptions which most self-described functional-
ists and (non-generative) typologists share. At the very least, we can pick out a ‘family
resemblance’ (Wigenstein  []) among them.

() Assumptions of the functionalist-typological paradigm

a. Empiricism: nothing more than general cognitive ability is needed in order
to explain language acquisition

b. Reductionism: explanations for grammatical facts are preferably to be
sought from domains external to that of the theory of grammar

c. Functionalism: the form of grammar arises from its function
d. Usage-based grammar: grammar is shaped by usage
e. Weakness of universals: very few universals exist which are exceptionless,

synchronic, or proper to Language

e assumptions in () are not atomic – for example, empiricism about language acquis-
ition (-a) leads naturally to a reductionist aitude towards linguistic explanation (-b)
– nor do I indend them to be so. Take them not as a set of necessary and sufficient con-

Dryer () offers Newmeyer as an example “I think it would be fair to say that [Newmeyer ()]
(as well as [Newmeyer (b)]) demonstrates that Newmeyer is one of a small number of linguists who
can be described as being both a formal linguist  a functional linguist.” ()





ditions for membership in the guild of functionalists and typologists, but rather a list
that would be appropriate to circulate among colleagues under the title You Might Be a

Functionalist/Typologist If….
Let us now examine the ontology presupposed by the assumptions in (). First and

foremost, the doctrine of empiricism means that there is no such thing as the HLF
of the classical generative paradigm – any corresponding notion in the functionalist-
typological paradigm would also include whatever is responsible for our capacities for
“neuromotor automation, chunking, categorization, inference-making, and cross- modal
association” as well as “complex imitation …, joint aention, and social learning” (Bybee
, ). None of this is held to be specific to Language.

Within the functionalist-typological paradigm, there are additional factors that con-
strain the form of Language: for example, phonological grammars are said to be shaped
by “the physical realities of howwe articulate and perceive speech sounds” (Blevins ,
); in syntactic grammars, the order of words and affixes is explained by appeals to
“discource-cognitive factors” (Payne , ) and “historical change and grammatic-
alization” (). ese kinds of explanations are typical of the functionalist-typological
paradigm’s reductionist (-b) approach to explanation: “[Functionalist] theories aempt
to explain the general and specific properties of grammar in terms of concepts and phe-
nomena outside of grammar.” (Bybee , )

e ontology of the functionalist-typological paradigm, therefore, has no place for
explanatory entities within grammar itself: for example, explanatory devices such as the
classical generative paradigm’s Extended Projection Principle (EPP) (Chomsky ),
requiring all sentences to have subjects, would have no status in the functionalist-
typological paradigm. Indeed, devices such as the EPP (or abstract Case, or empty cat-
egories, etc.) are oen criticized by researchers working in the functionalist-typological
paradigm as ad hoc; a charge which puzzles those working in the classical generative
paradigm, who see these abstract entities as canonically explanatory, because they typ-
ically unite the analyses of many different kinds of phenomena. Incommensurability
strikes once again.





What is there room for in the functionalist-typological paradigm? ere is certainly
room for mental kinds (e.g. cognitive abilities), although it is preferred that they not be
exclusively linguistic in nature. ese mental kinds are explanatory, and oen explicitly
causal (e.g. Bybee ; ; Moravcsik ). Also taken as explanatory (and causal,
e.g. Ohala ) are facts about the material world, such as the anatomy of the human
articulators.

ere are also languages, in the sense that we can speak meaningfully of Afrikaans,
Berber, and Czech, whose properties are taken as explananda. In the functionalist-
typological paradigm, languages are understood variously (it is a diverse paradigm) as
mind-objects (like the classical generative paradigm’s I-language) or world-objects (like
the classical generative paradigm’s E-language). So Dryer (): “Some functionalists
question whether one can find out what is happening inside speakers’ heads … but I
think that it is fair to say that even they would tend to agree that in so far as we can

tell what is inside speakers’ heads, a description of aspects of a language that is more
consistent with what is inside speakers’ heads is to be preferred.” ()

When we consider typological explanation, however, we find that the notion of ‘a
language’ (one natural unit of study in comparative linguistics) must be taken as a ma-
terial kind rather than a mental kind, if we are to adopt the general view of what Bickel
() calls st century typology, namely that “UG research is largely irrelevant for
modern typology” and that the typological Sachverhalt is “the product of history” (Bickel
, ). Such statements, if they do represent a consensus view, suggests that many
in the ‘typological’ wing of the functionalist-typological paradigm view languages as
more parole (material kinds) than langue (mental kinds). is is displayed in the con-
cern of the ‘st-century typologists’: “Instead of asking ‘what’s possible?’, more and
more typologists ask ‘What’s where why?”’ (Bickel , )

is aitude arises fromwhat I am calling the assumption of the weakness of univer-
sals (-e), the belief that universals are either (a) restricted in scope (i.e. not universal),
(b) diachronic in nature (parasitic on constrained historical paerns of change), or (c)

A reticence to use the word mind is evident throughout Dryer (); for a paper comparing the
explicitly mentalist classical generative paradigmwith the functionalist-typological paradigm it is curious
that ‘mind’ appears only once, in the phrase “used with this sense in mind” ().





non-linguistic in origin (-b). Note here that an appeal to history means that the object
of study – the language – cannot be exclusively mental. Any account of linguistic vari-
ation that deals only in mental kinds will fail, because many paerns are not relevant to
Language qua mental kind.

As we have seen here, the theoretical objects of the functionalist-typological
paradigm are variously mental or material, depending on what type of inquiry one pur-
sues. In studying linguistic variation within the functionalist-typological paradigm, one
aempts to explain, as Bickel () has remarked, “why the values of [typological]
variables are distributed in the world as they are”. () is requires a notion of Lan-
guage as a material kind. By contrast, the theoretical objects of the classical generative
paradigm are abstractions over themental, and cannot be defined in terms of the theoret-
ical objects of the functionalist-typological paradigm. Consider in this light the epithet
‘non-aprioristic’ which Frajzyngier () and Haspelmath () give to what I have
been calling the functionalist-typological paradigm:

When it comes to the interpretation of the results, nonaprioristic com-
parativists are open to all kinds of explanations, without an a priori pref-
erence for one of them: historical explanations in terms of language con-
tact and geography, inheritance from a common ancestor in the very dis-
tant past, cultural influences on grammar, general processing constraints,
considerations of efficiency of communication, general trends of diachronic
change, cognitive constraints on acquisition, and others. (Haspelmath ,
)

ese researchers rightly conclude that the particular nature of their domain of study
(as a historical science) precludes them from adopting root and branch the conclusions

While the classical generative paradigm has a long tradition of explicitness regarding the ontological
status of its natural kinds (the distinction between I-language and E-language and the distinction between
competence and performance deal directly with this question.), I am aware of no similarly influential
treatment within the functionalist-typological paradigm. I ascribe this not to any fault of the functionalist-
typological paradigm, but rather to the lack of any figure comparable in influence within that paradigm,
idealization though it may be, to Chomsky.

In the same passage, Bickel (, ) notes that the explanantes are oen psychological in nature,
although the explananda are themselves facts about the world.





of the classical generative paradigm. e ontologies presupposed by a paradigm con-
cerned with HLF and a paradigm concerned with linguistic variation differ in that the
concept of Language as used by one is not definable in the terms of the other.

Conversely, the historical objects of the functionalist-typological paradigm are in-
definable in terms of the mental ontology of the classical generative paradigm. It is this
intuition that Chomsky () expresses in writing that “Insofar as aention is restric-
ted to surface structures, the most that can be expected is the discovery of statistical
tendencies,” () and that Newmeyer (a) expresses in concluding that “typology is
indeed irrelevant to grammatical theory.” ()

.. Natural kinds in the generative-parametric paradigm

e generative-parametric paradigm can be thought of as a synthesis between the ex-
planatory aims of the functionalist-typological paradigm and the explanatory methods
of the classical generative paradigm. I call generative-parametric paradigm a paradigm
separate from the classical generative paradigm, but many practitioners see it as a con-
tinuation of the classical generative paradigm, albeit with a new emphasis on linguistic
variation. Boeckx and Piaelli-Palmarini () is an exception in this regard; wit-
ness the treatment of the introduction of the Principles & Parameters model (i.e. the
generative-parametric paradigm):

So, the problem facing the child is to choose a grammar that fits the input
from the class of all humanly possible grammars. … Although this charac-
terization is abstractly correct, it proved to be hard to implement. In fact, ar-
guably for the first time in the history of linguistics, the outline of a solution
appeared on the horizonwith the introduction of the so-called principles and
parameters (P&P) model (Chomsky ). (Boeckx and Piaelli-Palmarini
, )

It is important to note that this was not a rapprochement with the functionalist-
typological paradigm: in fact, the foundational assumptions of the classical generative

As I mention in chapter , however, they err in calling this a non-aprioristic approach: are ‘non-
aprioristic comparativists’ open to explanation in terms of astrological influence or divine command?





paradigm () remained unaltered. e ontology remained the same: a theory of linguistic
variation is a theory of HLF, and vice versa.

At first blush, it is difficult to see where the problem with this could lie. Aer all, it
is true (and Boeckx and Piaelli-Palmarini (, ) also discuss this) that HLF must
be narrow enough to allow productive grammars to be induced from available data and
yet broad enough so that all existing languages are learnable. ere must therefore be
within HLF both invariant principles and empirically-set parameters, at some level of
abstraction–perhaps even solely on a lexical level, as in some versions of the Minimalist
Program (e.g. Chomsky  [];  []; ).

e problem comes from straying from the domain which this conceptual apparatus
of HLF was set up to explain: the learnability of languages. Yes, HLF must be broad
enough to encompass the whole typological Sachverhalt. But that is the only sensible
relationship between HLF and the typological Sachverhalt. I go into more detail on this
in the next section.

. Plato’s problem and Hume’s problem: induction over linguistic entities

.. Introduction

We have a particular, mental thing to explain and we set appropriate standards for
our explanation. We make a virtue of falsifiability because we take our fallibility seri-
ously. is is the essence of experimental science. So far all is well: but when we seek
also to explain something else, something historical – linguistic variation, our virtue
becomes a vice. Language-in-the mind – HLF in all its possible states (I-languages) –
is not language-in-the-world (the typological Sachverhalt): while each may apply the
concept of Language, Language means something different in each case and “meaning
and application are not the same thing” (Feyerabend , ). We saw in section ..
that it is the difference in ontologies presupposed by a paradigm concerned with HLF
and a paradigm concerned with linguistic variation that cause the concept of Language
as used by one to be indefinable in the terms of the other.

e crux of my argument against the generative-parametric paradigm is that it equi-
vocates: does it construe Language as mental or historical? Is it a natural object which





can be investigated by experiment (and therefore requiring falisifiable hypotheses)? Or
is Language a particular feature of the social world, irreducibly embedded in the contin-
gent flow of history, which we must investigate in a wholly different way? eories in
the generative-parametric paradigm, which does not distinguish between the two uses
of the term Language, is fated to “introduce principles which are mutually inconsistent
and thereby destroy the argument in which it [i.e. the term -] is supposed to occur.”
(Feyerabend , )

Why is equivocation a problem? Because it destroys the natural kinds that allow us to
make valid inductive inferences. e rationalist solution to Plato’s problem (Chomsky
), i.e. HLF, commits us to a mental notion of linguistic natural kind. When we
study linguistic variation, we quickly find that an exclusively mental notion of Language
yields undesirable results (see section .). But allowing a material notion of linguistic
natural kind into our ontology removes the grounds for inductive inference – the whole
controversy boils down to the problem of induction – Hume’s problem.

.. Induction in the classical generative paradigm

Before discussing the role the problem of induction plays in the generative-
parametric paradigm, let us first examine its role in the classical generative paradigm. I
shall begin by explaining how the infinitude of the classical generative paradigm’s ex-
planatory domain opens it to the problem of induction. I then show the way in which
the methodology of the classical generative paradigm allows it to sidestep the problem
of induction and avoid this sort of vacuity.

Recall the fundamental argument of the classical generative paradigm: HLF is an
explanation for the ease with which infants acquire an I-language. e assumption is
(held to be) necessary because the character ofmature grammars includes judgements on
maers to which the infant is never exposed, and therefore innate structure must exist to
narrow the search space (-a). It follows from this assumption that, for practitioners in
the classical generative paradigm, the interesting thing about Language is the character
of HLF such that it allows acquisition to occur. is is the classical generative paradigm’s
notion of the nature of Language.





In order to study the character of HLF, practitioners of the classical generative
paradigm use linguistic judgements, which illuminate the state of HLF correspond-
ing to that speaker’s linguistic competence. It is important to note that the elicitation
of judgements is an act of sampling from the linguistic competence of an individual.

Here we find the empirical commitment of a generative grammar: to characterize the
linguistic competence of an “ideal speaker-hearer” (Chomsky , ). In other words,
a generative grammar must generate all and only the possible sentences of a language.
When the function of a grammar is expressed in this way, we see that it is a decision

procedure.
It is this fourth assumption that opens the parametric paradigm to the problem of

induction, as I show in this section. First, I examine the problem of induction within the
classical generative paradigm, and show that it does not imperil the enterprise. I then
illustrate how the problem of induction applies, to more problematic effect, in the case
of the generative-parametric paradigm.

A decision procedure is an algorithmic method for solving a decision problem: a
problem in a formal system to which the answer is either yes or no. If a finite decision
procedure exists for a given decision problem, then the problem is considered decidable.
More simply, a decidable problem is one for which there always exists a way of coming
upwith a yes or no answer to the question the problem poses. e decision problemwith
which the classical generative paradigm is concerned is the following: isS a grammatical
sentence in the languageL? A grammar is defined as an algorithm that returns yes or no
to this problem. e need for a grammar as decision procedure arises from the logical
problem of language acquisition (Pinker ; ; Baker and McCarthy ): the
conceptual problem of “how a learner can correctly generalize from a finite sample of
sentences in context to the infinite set of sentences that define the language from which
the sample was drawn” (Pinker , ). A decision procedure furnishes the ideal

Judgements or ‘intuitions’ (but see Ludlow , – for problems with the term ‘intuition’) are the
best means of studying HLF, but they need not be the exclusive means. Fossilized judgement-equivalents
(positive evidence only) can be gleaned from corpora and typological investigations.

e state of HLF allows for judgements over classes of sentences with unbounded membership; any
single judgement is a sample, in the statistical sense, of the population defined by a state of HLF.





language acquirer with a method to achieve these correct generalizations, at least in
principle.

e standard assumption in the classical generative paradigm is that any given gram-
mar is indeed a finite decision procedure (Putnam ), and therefore that determining
the grammaticality of S in L is indeed a decidable problem. Another way of stating
this assumption is to assert that SL (the set of sentences which are grammatical in L)
is a recursive set (Putnam , –). For our purposes, the relevant property of
a recursive set is its infinitude: any recursive set is countably or denumerably infin-

ite. Because the complement of any recursive set is also a recursive set, S ′
L (the set of

sentences which are ungrammatical in L) is also denumerably infinite.
Here is where the problem of induction becomes relevant. e input to a grammar

is an infinitude of strings to be divided into two infinite sets, but the data against which
we test our grammars (which are composed of auxiliary hypotheses) are finite: one may
only conduct a finite number of grammaticality judgements before one is constrained by
the exigencies of, say, human mortality. What, then, is the logical basis for the induction
of (infinite) natural laws, i.e., grammars, from (finite) observations? is is the central
problem of language acquisition, and it is a concern as well for the classical generat-
ive paradigm and the generative-parametric paradigm, because analyses within these
paradigms are responsible for accounting for the acquisition of I-Languages.

is problem has been dealt with convincingly within the assumptions of the clas-
sical generative paradigm by appeal to formal learnability theory. It was proved by
Gold () that, given only finite input (by an informant, which “can tell the learner
whether any string is an element of [the language]” Gold , , i.e. gives negat-

A decision procedure may not even be possible in principle, however. As Ludlow () points out,
“the demand that there be an algorithm to determine the predictions of the theory is far too strong. ere
isn’t even an effective procedure for deciding if an arbitrary formula of first order logic is a theorem (see
Church ).” () Nevertheless, the notion of a grammar as decision procedure is prevalent within
practitioners of the classical generative paradigm.

e degree to which this set is infinite need not concern us here, but for reference, a denumerably
infinite set is one with cardinality |ℵ0|. An example of a denumerably infinite set is the set of natural
numbers N.

My thanks to Massimo Piaelli-Palmarini for alerting me to the importance of this body of work for
the issue at hand.





ive as well as positive evidence), it is possible to identify the class of formal languages
containing the natural languages. e fact that the children succeed despite a lack of
negative evidence of the kind necessary to rule out superset grammars (Fodor and Sakas
), has been taken to imply that “the child approaches the data with the presumption
that they are drawn from a language of an antecedently well-defined type” (Chomsky
, ), in other words, the assumption of nativism (-a). In this way, the learnab-
ility findings are brought into accord with the assumptions of the classical generative
paradigm ().

Wemay also point to an epistemological argument for the validity of inductive infer-
ence to the structure of HLF, viaHume ( []) andGoodman ( []): why do
we worry about the logical basis for something that occurs as surely as the rising of the
sun? ere can be no question that we do project (in the sense of Goodman  [])
grammars; aer all, language acquisition happens. Following ine’s () analysis,
we must therefore assume that a grammar is a natural (albeit mental) kind for valid in-
duction to occur. e success of every human under normal circumstances to acquire an
I-language is a testament to the validity of our induction. is is not a deductively valid
argument, of course (commiing the fallacy of affirming the consequent as it does), but
the principles that guide induction are not the ironclad laws of deduction. is may not
satisfy those who wish an explanation of induction outside of cognition. To this I reply
that induction that allows for language acquisition is itself a cognitive process, and if a
cognitive explanation for induction is appropriate anywhere, it is here.

To summarize, language acquisition is a species of induction. HLF is a domain-
specific means for facilitating this induction. Language acquisition works because we
believe grammars to be of a natural kind. Grammars are of a natural kind because we
act as if they are – for anything but a mental object, this argument would be hopelessly
inadequate. However, since grammars are mental kinds, how we treat them (i.e. by be-

I have omied some important provisos in this description: (i) ‘identify’ is to be understood in the
sense of “determine which of the possible languages is the unknown language” (Gold , ), (ii) the
class of languages identified is the primitive recursive languages, and (iii) that such identification occurs
in the limit, i.e. aer some finite amount of time.

See Pinker () for extensive discussion of these points.





traying the consistency of grammatical rules in our speech) is of paramount importance.
Crucial to the projectibility of a theory of HLF is that it describe a natural kind. is

is true for the learner and true for the the linguist. My contention is that the typological
Sachverhalt is not a natural kind. Unlike HLF, the typological Sachverhalt is based only
partially in cognition – the other part is embedded in the world: as Wunderlich ()
puts it, “It is quite uncontroversial that linguistic diversity is affected by UG [i.e. HLF
-]; the reason is that all possible language change is filtered by language acquisi-
tion.” () e converse is also true: mathematical, physical, biological, political,

and historical factors (among others) affect linguistic diversity as well. ese material
factors filter the output of HLF into the typological Sachverhalt we see before us.

.. e problem of induction in the generative-parametric paradigm

e appeal of a theory of HLF that also accounts for the typological Sachverhalt
is a strong one: to be able to explain the limits of variation in Language would be a
substantial accomplishment. Prima facie, explanation of this sort seems to be consonant
with the aims of the classical generative paradigm: since the putative object of inquiry
is HLF, and the typological Sachverhalte is a subset of what HLF allows (the possible but
unaested languages), a satisfactory account of the former partially explains the laer.
But not vice versa: what we learn about linguistic variation can only trivially inform our
theory of HLF.e two questions are: why not?, and what is meant by ‘inform trivially’?

e first question ‘Why can generalizations over the typological Sachverhalt not
inform theories of HLF?’ can be answered in the following way. HLF affords for greater
linguistic variation than is seen our present typological Sachverhalt. e typological

Compare Medeiros (; ): “It is possible that the golden mathematics of the X-bar schema
likewise represents a kind of optimal packing solution for syntax” (, ).

Compare Piaelli-Palmarini (): “So you have physical-chemical laws (the laws of form) acting
[on biological traits -] from above and from below (at the molecular level, the atomic-molecular level
and the general level)” ().

Compare Archangeli (): “the features and paerns found in language sound systems are strongly
influenced by the physical system, i.e. the human’s articulatory and perceptual systems” (). For ex-
pository purposes, I consider biological factors as separate from psychological factors here.

Compare Hawkins’ “large armies!” (, )
Compare Bickel (): “the observable distributions [of typological variables -] are substantially

influenced by population history” ().





Sachverhalt is constrained by extra-linguistic factors, such as those enumerated at the
end of ... For example, historical circumstances have removed from our typological
Sachverhalt almost all of the pre-Indo-European languages of Europe. Howmanymore
languages perished before we could hear them spoken? How many more whole stocks

of languages have fallen to war, famine, and disease? Rhetorical questions perhaps, but
they should induce scepticism towards any claim that this typological Sachverhalt can
illuminate the nature of HLF – except in one way, which I have called ‘trivial’, e.g. on
page .

is leads us to the second question ‘What is meant by the claim that the typological
Sachverhalt can inform a theory of HLF only trivially?’ Only this: of course, if a feature
is present in a language L, then HLF must be broad enough to accommodate L. Note,
however, that the converse does not hold – emphatically not. If a feature is absent in
languages L1...Ln, we know nothing more about HLF when n = 6000 than when n = 0.
Now, this is not to say we know nothing more, full stop. In fact, we know much more
about the world at n = 6000 than at n = 0 – just not about HLF.

Why does the logic in the preceding few paragraphs hold, in light of all the talk of
natural kinds in section .? A counterargument: we treat HLF as a natural kind, and
make inductive inferences over it all the time, both as speakers and as linguists. Why
the reticence when it comes to accepting a new form of evidence for HLF, especially
when it confirms a hypothesis we had independently? Should this not be the best-case
scenario?

My rejoinder is this: the inferences made when using data from linguistic variation
are not from the typological Sachverhalt to HLF. ey are from the typological Sachver-
halt to HLF or historical accident or the anatomical structure of the mouth, etc. Does this
prove anything more than that the kind happens to be difficult to state in plain speech?
No – not only is it ungainly, but this most foul and unnatural kind has proven time aer
time to be misleading. For example, if typological research had been done in Europe
prior to the voyages of Columbus, hypotheses about the nature of HLF drawn from
the typological Sachverhalt would predict the impossibility of phenomena such as a lan-

Basque still lives, and there is epigraphic evidence of Etruscan, Minoan, Iberian, and Aquitanian.





guagewhich has labio-velar consonants but lacks labials (Mohawk, Tlingit; Mithun ,
). We disbelieve inductive inference over these predicates because they have shown
themselves worth disbelieving. In induction, ‘nothing fails like failure’ (seeine ).

Moreover, we may look once again at formal learnability theory for an approach
to this issue. e notion of learning a grammar as (partially) an exercise in parameter
seing that informs the generative-parametric paradigm Gibson and Wexler ()
in particular deals with the question of how parameter seings are learned from the
perspective of formal learnability theory. ey show that, even for simple parameter
spaces (accounting for basic word order and V phenomena), there exist certain ‘wrong
guess’ grammars which, once adopted, cannot be escaped, given a parameter-seing
model of learning – they are local maxima in the search space.

Gibson and Wexler’s () results imply that, if we are to keep a parameter-seing
model of language acquisition, whatever search procedure we hypothesize must have a
way of avoiding these false stopping points. What I am suggesting is that we face an
analogous problem in the realm of typological analysis. An exhaustive investigation of
the typological Sachverhalt may very well be a local maximum within the search space
of possible models of HLF, just as some grammars are local maxima within the search
space of possible parametric grammars.

Furthermore, recall the reason for positing HLF in the first place: to explain acquisi-
tion (Plato’s problem). Evidence from linguistic variation does not bear on this problem
directly, except in that all languages must be acquirable. So, as I mentioned in section
.., HLF must be broad enough to accommodate all grammars that we know children
to acquire. ere is, however, no need for HLF to ban types of languages with which
children are never faced, barring cases of underdetermined choice between (proper) sub-
set and (proper) superset grammars (see Fodor and Sakas , and citations therein). I
suspect that a grammar containing operations such as Chomsky’s () non-structure-
dependent inversion is an instance of the laer. By contrast, I doubt that grammars
which allow /VC/-syllables but disallow /CV/-syllables need to be ruled out so that a

Note, however, that the mere presence of parameterization in a theory does not suffice in order to as-
sign it to the generative-parametric paradigm. What is needed also is the assumption that the typological
Sachverhalt exhausts the space defined by the parameters of HLF.





learner of, say, Hawaiian can converge on the desired /(C)V/-syllable grammar. is
example warrants further explanation, which is provided in section ..

.. Summary

In this section I have detailed the reason why the generative-parametric paradigm is
an unworkablemeans of gaining knowledge about HLF, andwhy the classical generative
paradigm has no such trouble. I cast the answer in terms of the classic Humean solution
to the problem of induction: our minds are predisposed towards inductive reasoning,
but we will reason inductively only over projectible predicates – inine’s () terms,
over natural kinds. e classical generative paradigm asks of us only that we understand
Language to be the natural kind HLF. e generative-parametric paradigm, by contrast,
asks us to take the notion of Language in two ways simultaneously: not only as the
typological Sachverhalt, but also the (mental) HLF. We therefore equivocate in what we
mean by Language, and we are drawn to the illegitimate conclusion that HLF bars more
than it may bar in reality. Let us now examine some of these issues in action in a case
study, namely the classic analysis of syllable structure in Optimality eory.

. A case study: syllable structure in Optimality eory

.. Introduction

In this section, I go through a typical analysis of syllable structure within OT (Prince
and Smolensky  []), which, despite its name, is a framework for the formula-
tion of grammatical theories, primarily within the field of phonology. OT is a particu-
lar formalization of the generative-parametric paradigm, although it can function with
some modifications within alternative paradigms (e.g. Mohanan et al. ; Archangeli
et al. ; Archangeli and Pulleyblank ).

is section is organized as follows: I begin in section .. by outlining the formal
structure of OT. In section .., I describe how syllable structure is traditionally ana-
lysed in OT, and how the typological Sachverhalt of syllable structures falls out from the
analysis. ese typological predictions, which are oen held as a virtue of OT analyses,
are inconsistent with the assumption that OT describes HLF: I present in section ..





an analysis of syllable structure that results from the logically consistent position of ig-
noring negative typological evidence. I finish by considering what we gain – and what
we lose – by doing so, and conclude that, although the OT is well-employed both as a
notation for describing grammars of HLF and as a notation for describing the typological
Sachverhalt, it does not make sense for it do both at the same time.

.. Foundations of OT

An OT grammar provides a formal decision procedure for determining whether a
certain ‘input-output’ mapping is licit with respect to that grammar or not. e de-
cision procedure in OT is traditionally given the name Eval (Prince and Smolensky 
[], –). Eval is formalized in OT as a function Eval(Outi, 1 ≤ i ≤ ∞), which
ranks a set of input-output pairs called candidates (formalized as Outi) from most to
least harmonic; the most harmonic candidate is chosen as the generated mapping, i.e.
the grammatical output, i.e. that for which the decision procedure returns yes.

Besides Eval, there are two other major components of OT: Gen and Con. Gen, or
more properly, Gen(Ink) → {Out1,Out2, ...}, is a function that generates (hence the
name) an infinite set of output forms for a given input. Con is a set of constraints on
input-output mappings: the set is ex hypothesi universal, but its elements are ranked dif-
ferently in different grammars. Using the language of Putnam (), statements about
what comprises Con are the auxiliary hypotheses of OT. Because they are not paradig-
matic assumptions, statements about Con have the status of hypotheses, and much of
the ‘classic’ OT literature consists of proposals regarding just what Con contains.

e elements of Con, i.e. the constraints themselves, are formalized as conditions
under which violationmarks are assigned to an input-output mapping. Violation marks
are representations of relative ill-formedness, and are used by Eval to determine the
relative harmony of a particular mapping. Constraints are conventionally separated
into two groups: (i) faithfulness constraints, which crucially refer to both halves of the
input-output mapping; and (ii) markedness constraints, which refer only to the output

Input-output can be understood as phonological-phonetic, underlying-surface, etc., as one prefers.
More specifically, any given language’s ranking of the constraints in Con is formally a partially

ordered set (poset).





portion of the mapping. ere are held to be no constraints which refer only to the input
half: this assumption is referred to as Riness of the Base (Prince and Smolensky 
[], ). Because of Richness of the Base, hypotheses that reject a given input to the
decision procedure Eval are a priori illegitimate.

e standard device for displaying the operation and results of Eval on a given con-
straint ranking – what is of primary interest to analysts working within OT – is a
tableau. An OT tableau is a table in which the rows represent (a selected subset o)
potential candidates, and the columns represent (a selected subset o) constraints from
Con. It should be noted that, since all mappings in a tableau are understood to share a
single input, each row contains only the output half of each candidate; nevertheless the
candidate proper is to be understood as an input-output mapping. While row order in
the tableau is unimportant, column order is significant: a constraint C is understood to
dominate constraints D, E, F, … to its right. Dashed vertical lines between constraints
are used when one wishes not to assert a dominance relationship between them. A
schematic tableau is given in Table ..

e intersection of a row denoting a candidate and a column denoting a constraint
is used to indicate how many violation marks are assigned to that constraint. ese vi-
olation marks are represented by asterisks (∗). Eval selects only one candidate as most
harmonic; a tableau represents this by placing amanicule (+) beside the selected candid-
ate. By the nature of Eval, all non-optimal candidates violate at least one more equally-
or higher-ranked constraint than does the optimal candidate. e fatal violation which

i.e. C > {D, E, F, …} in the poset Con.
i.e., if two constraints are incomparable in the poset Con.

Table .: A schematic OT tableau

Input C  C  C  .

a. Output 
b. Output 
c. Output 

etc.





‘knocks out’ a non-optimal candidate is notated with an exclamationmark (!) to its right.
For an example of these notational devices in use, see the following tableau (adapted

from Prince and Smolensky  [], ), which demonstrates the interaction of
the two constraints NC (banning closed syllables) and MIO (requiring all input
material to be present in the output) in Lardil (Pama-Nyungan) to produce deletion of a
coda consonant:

We see from the position of the manicule that, of the two candidates /ʔaluk/-[ʔaluk]
and /ʔaluk/-[ʔalu], the grammar of Lardil selects /ʔaluk/-[ʔalu] as the most harmonic.
We see also that the aspect of the grammar of Lardil that produces this effect is the
constraint ranking NC ≫ MIO. e position of the sole exclamation mark
is due to the fact that /ʔaluk/-[ʔaluk] violates the constraint NC that ensures the
non-optimality of /ʔaluk/-[ʔaluk]. e fact that /ʔaluk/-[ʔalu] violates MIO is of no
consequence, because it is the only remaining candidate under consideration and must
be chosen a fortiori.

To cast this well-worn example in the terminology of this work, OT may be thought
of as a variation on the themes of the generative-parametric paradigm. We may com-
pare it to the Principles and Parameters framework (Chomsky ; ) familiar from
syntactic theory, with the constraints in Con acting as the principles, and the differential
ranking of these constraints acting as the parameters. Consequently, by virtue of the
universality of the elements of Con, along with the availability of language-particular
ranking of these constraints, OT theories make typological predictions. ey deem some
grammars possible (given the theory), and others impossible (given the theory). Of
course, where there are predictions, we expect also to find facts against which to check

e greater-than relationship in the poset Con is called dominance and is represented with the much-
greater-than sign ≫.

Table .: Truncation in Lardil

/ʔaluk/ ‘story’ NC MIO
+a. [ʔalu] ∗
b. [ʔaluk] ∗!





them and thereby falsify the theory (or not).
Crucially, there is no difference between what is responsible for the analysis of the

language at hand, and what is responsible for the typological Sachverhalt; they are both
Con, that is to say, part of HLF. As McCarthy () states: “an OT analysis [of some
phenomenon] brings with it typological commitments that go well beyond that phe-
nomenon.” () Indeed, the “inherently typological character” () of OT is oen taken
as a virtue. e high esteem granted to typological explanation is characteristic of the
generative-parametric paradigm. It is taken for granted that a theory of Language is a
theory of linguistic variation as well as a theory of HLF. For example, McCarthy ()
again:

In every language and at every level of analysis – phonological, morpho-
logical, or syntactic – there are limitations on what elements are permied
in surface structure and where they are permied. Any linguistic theory
needs a way of accounting for these observations and the associated typo-
logical generalizations. ()

And Prince and Smolensky ( []):

Among the principles of Universal Grammar are cognates of those
formerly thought to be no more than loose typological and markedness gen-
eralizations. Formally sharpened, these principles now provide the veryma-
terial from which grammars are built. ()

Here is where the classic version of OT falls victim to confounding the two notions
of ‘possible language’. A possible language, for a theory of HLF, is one whose gram-
mar can be posited by a language acquirer, given the particulars of the theory. So, for
an HLF containing a requirement that operations be structure-dependent, a language
whose questions are formed by inversion of linear order is an impossible language. is
presents no problem.

By contrast, a possible language for a theory of linguistic variation is entirely con-
jectural: it is a language that either exists, or might well have existed, had circumstances





been otherwise (notice the counterfactual claim in the second disjunct!). How are we to
take such a notion of possible language? In principle, there is no way to falsify such a
hypothesis within a theory of linguistic variation. What happens in practice is that the
second disjunct is tacitly ignored in favour of a simpler notion of ‘possible language’ as
aested language, and ‘impossible language’ as unaested language. When spurious no-
tions such as these exist in a paradigm which conflates the notion of linguistic variation
with the notion of HLF, inferences can made about the character of HLF (a mental kind)
from the typological Sachverhalt (a material kind). is is hardly Cartesian linguistics!

Rather, as I have shown in section ., the relationship between a theory of HLF and
a theory of linguistic variation is not symmetrical. A theory of linguistic variation must
explain the typological Sachverhalt, and the typological Sachverhalt must be possible
given one’s theory of HLF. But this is the only check that the typological Sachverhalt
puts on a theory of HLF. In no way does the absence of a phenomenon in the typological
Sachverhalt entail the need to represent that absence in a theory of HLF.

e ‘factorial typologies’ of OT do, however, have an intuitive araction. I too share
the view of the many linguists who believe that the study of linguistic variation does
tell us about Language. Indeed it does: but only if we construe Language separately
from HLF. In fact, OT is relatively easily reformulable as a theory of linguistic variation
without reference to any mental kinds. I shall now illustrate all this by means of a
discussion of the classic OT analysis of the typological Sachverhalt of syllable structures.

.. e classic analysis of syllable structure

e classic analysis of syllable structure in OT (Prince and Smolensky  [];
McCarthy and Prince ) involves the interaction of four constraints: two faithfulness
constraints, and two markedness constraints. Recall that faithfulness constraints refer
not just to the output, but to the relationship between the input and the output. e
constraints in question are MIO and DIO, which penalize the apparent deletion

e reference here is to Chomsky (), which characterizes the classical generative paradigm’s
research into HLF as in the dualist tradition of René Descartes, and in the spirit of the epistemological
school of rationalism in general.

Later work in OT extended the notion of faithfulness to refer to mappings between other elements,
such as Base and Reduplicant. (McCarthy and Prince )





and insertion of input material in the output. Formal definitions follow:

() MIO: assign one violation mark for every piece of structure present in the
input that has no corresponding piece of structure in the output

() DIO: assign one violation mark for every piece of structure present in the
output that has no corresponding piece of structure in the input

e markedness constraints in question are O and NC, which (recall that
markedness constraints refer only to properties of the output component of a candidate)
penalize outputs that contain syllables without onsets and syllables with codas, respect-
ively. ese constraints are formalized as follows:

() O: assign one violation mark for every output syllable that lacks an onset
consonant

() NC: assign one violation mark for every coda consonant present in the out-
put

It is worth asking: why these constraints and not others? is is an especially relevant
question for themarkedness constraints O andNC; while the faithfulness con-
straints MIO and DIO make sense from a purely formal perspective; they could
in principle refer to non-linguistic entities. O and NC, by contrast, make sub-
stantive linguistic predictions: some languages ban codas, and some languages require
onsets; but no language bans onsets, and no language requires codas.

It is, in fact, these predictions which justify the existence of O and NC,

which were posited to explain the Jakobsonian Saverhalt: “ere are languages lack-
ing syllables with initial vowels and/or syllables with final consonants, but there are no
languages devoid of syllables with initial consonants or of syllables with final vowels.”
(Jakobson ,  via Prince and Smolensky  [], ) If we only consider the
status of onsets and codas (i.e. are they obligatory, optional, or forbidden), there are four
types of languages possible:

e circularity is symptomatic of the general logical problems of the generative-parametric paradigm.





() e Jakobsonian Sachverhalt

a. (C)V languages: onset optional, coda forbidden (e.g., Hawaiian; Elbert and
Pukui )

b. CV languages: onset obligatory, coda forbidden (e.g., Standard
Bamana/Bambara ; Green )

c. (C)V(C) languages: onset optional, coda optional (e.g., English)
d. CV(C) languages: onset obligatory, coda optional (e.g., Arabic; McCarthy

)

Recall now that, in OT, cross-linguistic differences in grammars are explained as
different constraint rankings. With the four constraints MIO, DIO, O, and
NC, there are  (=!) logically possible grammars. Not all of these grammars
produce distinct results with respect to syllable structure, and in fact only the four de-
sired types of language (the Jakobsonian Sachverhalt) are possible given these four con-
straints. I shall give a brief demonstration of how each of these types of grammars
functions; for more detail, please see Prince and Smolensky ( [], –).

First, let us consider grammars where NC outranks all three of the other con-
straints in question. Because a top-ranked (i.e. undominated) constraint must be obeyed
unconditionally (and therefore expresses a surface generalization about the language),
all grammars in which NC is undominated will forbid codas. For the purposes of
whether a coda is allowed, the ranking of the constraints below NC is irrelevant.

It is also irrelevant whether the input contains or lacks a coda: as the tableau in Table
. shows, neither situation results in the permissibility of a coda in the output.

Similarly, if O is undominated, then all output syllables will have obligatory
onsets. is is shown in the tableau in Table ..

Since the structures referred to in the content of the constraints O and NC
(i.e., onsets and codas) are completely disjoint, the differential ranking of these two con-
straints with respect to one another creates no interaction effects. is formal property

It is a fundamental axiom of OT that no lower-ranked constraint can override the effect of a higher-
ranked constraint.





Table .: NC ≫ MIO, DIO, O

/CVC/ NC MIO DIO O
+a. [CV] ∗

b. [V] ∗∗! ∗!
c. [CVC] ∗!
d. [VC] ∗! ∗ ∗

/VC/ NC MIO DIO O
+a. [V] ∗ ∗

+b. [CV] ∗ ∗
c. [VC] ∗! ∗

d. [CVC] ∗! ∗

Table .: O ≫ MIO, DIO, NC

/V/ O MIO DIO NC
+a. [CV] ∗
b. [CVC] ∗∗ ∗

c. [V] ∗!
d. [VC] ∗! ∗ ∗

/VC/ O MIO DIO NC
+a. [CVC] ∗ ∗

+b. [CV] ∗ ∗
c. [VC] ∗! ∗
d. [V] ∗! ∗





supports the intuitive notion that the linguistic property of requiring onsets is unrelated
to that of forbidding codas.

What is important, as we have seen, is the ranking of each of these markedness
constraints with respect to the two faithfulness constraints MIO and DIO: when
NC outranks both faithfulness constraints, we get (C)V and CV languages; when
O outranks both faithfulness constraints, we get CV and CV(C) languages. In
either case, what makes the decision between the two possible types of language that
result from an undominated ranking of one markedness constraint (at least, undomin-
ated by faithfulness constraints) is the position of the othermarkedness constraint. From
this, we can derive three of the four language types of the Jakobsonian Sachverhalt.

() OT and the Jakobsonian Sachverhalt

a. If O, NC ≫ MIO, DIO, the result is a CV language.
b. If O≫MIO, DIO, but notNC≫MIO, DIO, the result

is a CV(C) language.
c. If NC≫MIO, DIO, but notO≫MIO, DIO, the result

is a (C)V language.

ose readers familiar with structuralist analysis will likely have anticipated by what
means the fourth type of grammar in the Jakobsonian Sachverhalt (the (C)V(C) language)
is derived. We need only take O and NC to where they have not yet appeared
together: the nethermost part of the domination hierarchy.

() OT and the Jakobsonian typological Sachverhalt: the missing term

a. If MIO, DIO ≫ O, NC, the result is a (C)V(C) language.

In this fourth type of grammar, it is the high ranking of the faithfulness constraints that
drives the wide variety of syllable types allowed in (C)V(C) languages: if the grammar
is given a certain syllable type in the input, it has no recourse to change it by deleting or

In fact, it is only necessary that NC and O outrank one of the two faithfulness constraints.
For the purposes of simplicity of exposition, I set this subtlety aside here.





inserting material in the output – either action would violate a highly-ranked constraint
(MIO and DIO, respectively). Table . shows the analysis.

is is a parsimonious result: within the OT framework of constraint interaction,
only four auxiliary hypotheses are necessary (the constraints themselves) to account for
the four types of languages that Jakobson () observes. If Jakobson’s Sachverhalt
is exhaustive of the languages extant in the world, then no linguist will ever fail in
applying the OT theory of syllable structure to one of these languages (at least within
its domain of inquiry, i.e. the necessity of onsets and the licitness of codas).

Moreover, because the OT framework is situated within the generative-parametric
paradigm, the predictions of the theory are an exact match to the typological data. As we
saw above, the interaction of the four OT syllable structure constraints O, NC,
MIO, and DIO generates all the classes of languages seen thus far. Furthermore,
it generates no hitherto unaested languages. In fact, it generates their absence. is is
as concrete a claim of the OT analysis as is the possibility of CV languages.

However, as I argued in section .., the inference from the absence of types of
languages in the world to the absence of types of languages in HLF (i.e. their ungen-
erability) is logically unjustified. If we take this argument seriously, we must choose:
is OT a theory of HLF or one of linguistic variation? If we take it as a theory of HLF,
we cannot take the Jakobsonian Sachverhalt as evidence (except that Jakobsonian types
must be generable by HLF). In the next section, I outline such a theory.

.. On the factorial typology

Let us first recall the epistemological problem with the generative-parametric
paradigm in linguistics. e goal of linguistic research is to gain insight into HLF,
the mental apparatus which underlies the production and comprehension of human
language – this is the causal system under investigation. e generative-parametric
paradigm seeks to illuminate the nature of the causal system by empirical observation
of the typological Sachverhalt. From the existence and non-existence of linguistic fea-
tures in the world, inferences are drawn about the nature of HLF. e problem is that

For more on the notion of failure of the analyst vs failure of the paradigm, see Kuhn ().





Table .: MIO, DIO ≫ O, NC

/CVC/ MIO DIO O NC
+a. [CVC] ∗

b. [CV] ∗!
c. [VC] ∗! ∗ ∗
d. [V] ∗!∗ ∗

/V/ MIO DIO O NC
+a. [V] ∗
b. [CV] ∗!
c. [VC] ∗! ∗ ∗

d. [CVC] ∗!∗ ∗

there is no necessary relationship between the typological Sachverhalt and HLF: indeed,
as I argued in section .., the typological Sachverhalt is not a natural kind, and thus is
not projectible, i.e. it does not support inductive inference.

We see that ‘is a part of the typological Sachverhalt’ is not projectible because what
we consider to be the typological Sachverhalt is based on an essentially limited perspect-
ive. e conclusions we would have drawn from the typological Sachverhalt  years
ago (or even  years ago; Greenberg ) differ from those we would draw today,
because (a) we have access to more data now than we once did (discovery of new lan-
guages, language birth and differentiation), and (b) we have access to fewer data now
than we once did (language death). Moreover, there is no compelling reason to believe
that the typological Sachverhalt has – or will ever have – reached a ‘steady state’ (pace
Maslova ):

even steadier distributions cannot provide robust insights into the true
nature of human language. Steadier distributions are just as transient char-
acteristics of the language population as actual distributions are. ey
simply have a longer life-cycle and are, in the long run, no less accidental;
they are not more motivated by the logic of human language than distribu-
tions in the actual population. (Daniel , ).





Instead of extracting generalizations from the typological Sachverhalt, we must gather
evidence for HLF from phenomena that reflect the properties of HLF directly: the judge-
ments of native speakers.

What happens when we follow this argument into the realm of OT factorial typo-
logy? We begin to ask questions such as: how can we adjudicate for the existence of
only O, NC, MIO, and DIO?Why not add to these NO and C,
which would, in addition to generating all of the paerns of the Jakobsonian typological
Sachverhalt (and then some), achieve a kind of symmetry? ere is no a priori reason to
exclude these; the only arguments I have seen are those circular ones based on properties
of the typological Sachverhalt.

() Non-Jakobsonian syllable structure constraints

a. C: assign one violation mark for every output syllable that lacks a coda
consonant

b. NO: assign one violation mark for every onset consonant present in
the output

e constraints C and NO suggest the possibility of languages with ‘reversed
syllable templates’, such as VC, V(C), and (C)VC. In fact, there are indeed, in various
frameworks, analyses making use of syllable templates like these: Bosch () for a dia-
lect of Scoish Gaelic, and Breen and Pensalfini () for the language Arrernte (Aran-
dic; Central Australia). Let us call a theory with these constraints a non-Jakobsonian

theory of syllable structure, to contrast it with the Jakobsonian theory presented in the
previous subsection.

Let us now examine what typological Sachverhalt of syllable structure (in OT terms,
the factorial typology) is predicted with these two ‘backwardness-licensing’ constraints
C and NO added. First, we see in Table . that VC languages are predicted
when the two new markedness constraints are undominated.

A second paern, that of V(C) languages, is predicted given the ranking of NO
above all other constraints, including C, which is itself ranked below the faithful-





Table .: C, NO ≫ MIO, DIO, O, NC

/CV/ C NO MIO DIO O NC
a. [CV] ∗! ∗!
b. [V] ∗! ∗ ∗

c. [CVC] ∗! ∗ ∗
+d. [VC] ∗ ∗ ∗ ∗

/V/ C NO MIO DIO O NC
a. [CV] ∗! ∗! ∗
b. [V] ∗! ∗

c. [CVC] ∗! ∗∗ ∗
+d. [VC] ∗ ∗ ∗

ness constraints MIO and DIO, but above NC. Table . illustrates such a
grammar.

Finally, the syllable template (C)VC is obtained by a ranking of the markedness con-
straint C above the two faithfulness constraints, which are, in turn, ranked above
the markedness constraints NO, O and NC. See Table . for illustrative
tableaux.

e Jakobsonian paerns, as illustrated in section .., are also possible in the non-
Jakobsonian theory: grammars which subordinate the constraints C and NO
to all others generate only Jakobsonian syllable paerns.

erefore, the typological Sachverhalt predicted by the conventional, Jakobsonian
theory of syllable structure is a proper subset of those of this expanded non-Jakobsonian
theory. In other words, the non-Jakobsonian theory generates all known types of lan-
guages just as well as does the Jakobsonian theory. On what principle do we then adju-
dicate in favour of the Jakobsonian theory?

.. e question of simplicity

We must consider the possiblity that the methodological principle of simplicity or
parsimony (i.e. Occam’s Razor), which can be stated succinctly as ‘given the choice





Table .: NO ≫ MIO, DIO ≫ C ≫ O, NC

/VC/ NO MIO DIO C O NC
a. [CV] ∗! ∗ ∗ ∗
b. [V] ∗! ∗ ∗

c. [CVC] ∗! ∗ ∗
+d. [VC] ∗ ∗

/V/ NO MIO DIO C O NC
a. [CV] ∗! ∗ ∗

+b. [V] ∗ ∗
c. [CVC] ∗! ∗∗ ∗
d. [VC] ∗! ∗ ∗

between two explanations of the same data, prefer the simpler one,’ is grounds to reject
the non-Jakobsonian theory. e argument from simplicity proceeds as follows: the
Jakobsonian theory (which has fewer constraints) accounts for the same data as does the
non-Jakobsonian theory. By Occam’s Razor, the Jakobsonian theory should therefore be
preferred to the non-Jakobsonian theory, which accounts for the same data with more
constraints.

Simplicity cannot be invoked as an argument, however, without answering the ques-
tion: simple in what way? I discussed this briefly in section ., where I characterized
simplicity as a theoretical virtue. I shall repeat the argument here: because there is no
theory-independent way to measure simplicity, one cannot invoke simplicity without
presupposing ametric of simplicity based on the theory onewishes to advance. Consider
Ludlow () on simplicity in syntactic theory:

Let’s begin by considering Postal’s [( []) -] thesis that the
simplest … theory is the one that uses less theoretical machinery…, but

Recall that, in OT, constraints are auxiliary hypotheses of the theory; therefore an OT theory with
fewer constraints is, perhaps paradoxically to the uninitiated, more restrictive.

Compare Goodman () on ‘unanalyzability’: “the question whether or not a given property is
analyzable seems to me quite as ambiguous as the question whether a given body is in motion. I regard
‘unanalyzability’ as meaningful only with respect to a sphere of reference and a method of analysis.” ()





Table .: C ≫ MIO, DIO ≫ NO, O, NC

/V/ C MIO DIO NO O NC
a. [CV] ∗! ∗ ∗
b. [V] ∗! ∗

c. [CVC] ∗∗! ∗ ∗
+d. [VC] ∗ ∗ ∗

/CV/ C MIO DIO NO O NC
a. [CV] ∗ ∗
b. [V] ∗! ∗ ∗

+c. [CVC] ∗ ∗ ∗
d. [VC] ∗! ∗ ∗ ∗

/VC/ C MIO DIO NO O NC
a. [CV] ∗! ∗ ∗ ∗
b. [V] ∗! ∗ ∗

c. [CVC] ∗! ∗ ∗
+d. [VC] ∗ ∗

/CVC/ C MIO DIO NO O NC
a. [CV] ∗! ∗ ∗
b. [V] ∗! ∗∗ ∗

+c. [CVC] ∗ ∗
d. [VC] ∗! ∗ ∗





what exactly is theoretical machinery? … Is a level of linguistic represent-
ation part of the machinery? How about a transformation? A constraint
on movement? A principle of binding theory? A feature? How about an
algorithm that maps from level to level, or that allows us to dispense with
levels of representation altogether?” ()

Similarly, opponents of the non-Jakobsonian theory might cite its additional con-
straints as an excess of machinery. Proponents of the non-Jakobsonian theory might
respond that the symmetry in the constraints means that the constraint families are
fully general, and all that must be known about its markedness constraints are that
the shapes R(Structure) and F(Structure) are possible, and that ‘Coda’ and
‘Onset’ are elements of the set Structure. No information barring the combinations R
(Structure) and ‘Coda’, and F(Structure) and ‘Onset’ is needed, especially
since no HLF-internal motivation for such constraints exists. A globally simpler system
results.

Simplicity is, as Ludlow () writes, “in the eye of the theorist” ().

.. HLF and Sachverhalt, and never the twain shall meet

If we reject the Jakobsonian theory of syllable structure as a theory of HLF, need we
reject it as a theory of linguistic variation? Not at all – although the two explanatory
domains are clearly related, they are not identical. In fact, I suggest that this is exactly
the right position to take. But it does raise a vexing question: how are we to understand
the relationship between HLF and linguistic variation?

I will approach this question obliquely at first, by means of an analogy with some
basic concepts from evolutionary biology. One fundamental distinction made is that of
phenotype vs genotype. An organism’s phenotype is all those traits of the organism
which can be observed; its genotype, by contrast, is “an organism’s inherited potential”
(Jablonka and Lamb , ). Organisms that share a genotype may differ in phenotype
because of the effects of the environment. For example, identical twins, one of whom is
a professional soccer player and the other a professional sumo wrestler, would exhibit
markedly different phenotypes. erefore, straightforward inference from phenotype





to genotype is not valid.
Now consider the relationship between typological Sachverhalt and HLF: I contend

that it is the same relationship as that between genotype and phenotype. Whereas the
character of the phenotype depends both on the genotype and on the environment, the
character of the typological Sachverhalt depends both on HLF and on history. Consider
two versions of HLF: one generates both SVO and SOV languages, and the other gen-
erates only SVO languages. Now consider a typological Sachverhalt in which only SVO
languages exist. Is this compatible with both versions of HLF? Yes – a single prehistoric
plague or conquest (for example) could have caused the extinction of all the SOV lan-
guages, giving the impression that to be a human language means to exhibit SVO order.
Or perhaps the lack of SOV languages in this distribution is because they are truly im-
possible. erefore, straightforward inference from typological Sachverhalt to HLF is
invalid. e Typological Sachverhalt is not a natural kind in the way that HLF is.

We may understand the general relationship between genotype and phenotype on
one hand, and HLF and the typological Sachverhalt on the other, as a type of superveni-
ence. In general, (strong) supervenience is a logical relationship between two entities A
and B, in which there cannot be a difference in A without a difference in B. is for-
mulation, however, is too strong for our case; in fact, there is no necessary relationship
between the two at all: just as different versions of HLF can co-exist with the same ty-
pological Sachverhalt, so can different typological Sachverhalte co-exist with the same
HLF. e reason for this laer fact is the same as the reason for the former: historical
contingency plays a role in shaping present linguistic variation

Although there may be no necessary relationship between the specific character of
HLF and a given typological Sachverhalt, there is a relationship. Aer all, it is not true
that any version of HLF can co-exist with any typological Sachverhalt,. However, any
given version of HLF underdetermines the typological Sachverhalt with which it co-
occurs. e name for this type of relationship is weak supervenience (contrasted with
the strong supervenience of biology on physics, for example; Kim ; ). We may
formalize weak supervenience somewhat by saying that A weakly supervenes on B iff,
for every difference inA, there is a difference inB orC , whereC is some third property.





It may be desirable to pursue a reductionist programme in the case of strongly super-
venient domains (pace Fodor ). For example, if there is no difference in A without
a difference in B, it is not a priori incoherent to aempt to reduce A to B, and to ex-
plain A-phenomena in B-terms. By contrast, when two domains are merely weakly
supervenient (no difference in B without a difference in A, or C), as in the case of
phenotype-on-genotype and typological Sachverhalt-on-HLF, the reductionist strategy
faces a problem: any A-phenomenon could reduce either to B or to C . Without a way
to distinguish between the two, the reductionist strategy is stalled.

.. Summary

is section has illustrated the claim that the generative-parametric paradigm equi-
vocates in how it treats its explanatory domain: Language, which is alternately treated
as HLF and as linguistic variation. Using the typological framework of OT, I showed
that the explicit tying of a theory of the typological Sachverhalt in the world to a theory
of HLF allows the import of unsubstantiated claims of typological impossibility into an
otherwise logically-sound theory of linguistic competence. I showed how an OT the-
ory of syllable structure that generates a superset of the Jakobsonian syllable structures
is indistinguishable from a theory that generates only the Jakobsonian syllable struc-
tures, from the perspective of HLF. Because the typological commitments of OT require
the auxiliary hypotheses (constraints) to be identical between the portion of the theory
that explains linguistic competence and the portion of the theory that explains linguistic
variation, we are therefore le with an unresolvable indeterminacy between two differ-
ent notions of the term Language. is is a challenge that reductionist treatments of
linguistic variation, such as ‘classic’ OT, cannot yet surmount.

. Lessons

We have seen that, in the generative-parametric paradigm, all analyses of linguistic
competence are explicit claims about linguistic variation, and vice versa: hypotheses
of linguistic competence are tested typologically, and hypotheses of linguistic variation
are tested in the realm of linguistic competence. e problem with this situation is





the classic problem of induction: the epistemological basis of hypotheses within the
generative-parametric paradigm is fundamentally unsound. e arguments I have given
in this chapter amount to this: the (material) typological Sachverhalt is not projectible
because it is not a natural kind, at least not in the same way as is the mental HLF.
e typological Sachverhalt merely weakly supervenes on HLF – it cannot be separated
from its embeddedness in material history. When we import the insights of a theory
of linguistic variation into a theory of linguistic competence, we are aributing to the
mind what may well be true only of the world.

is means that we may not use comparative-linguistic results to bolster or dismiss
our theories of HLF. What does this mean for a framework such as OT? In my view,
there are two options. One may take McCarthy and Prince’s () position, which I
take to represent the mainstream opinion of OT-workers: “OT is inherently typological
in nature”. If so, OT is not a theory of HLF. OT is rather a notation for theories of
linguistic variation. Alternatively, one may take the position that OT is indeed a theory
of HLF. If so, OT is not a theory of linguistic variation. Instead of justifying particular
analyses by their typological implications, an OT theory of HLF must use arguments
from learnability and acquisition – the stuff of a theory of mental kinds. Work such as
this is beginning to appear, e.g. Mohanan et al. ().

As for the generative-parametric paradigm as a whole, we are le with no choice
but to conclude that its proposed laws are not straightforwardly relevant to the question
of the nature of HLF. No crucial experiment may be designed to disprove claims such
as ‘such-and-such a language is impossible,’ at least using the methods of typological
research (i.e. finding, describing, and analysing languages). e generative-parametric
paradigm is in need of reformulation – we must remove the equivocation of the term
Language that lies at the heart of the problem: is it HLF, a mental kind? If so, then
we are within the realm of what I call the classical generative paradigm (I believe that
many practitioners of the generative-parametric paradigm oen tacitly take this posi-
tion). Otherwise, we must abandon the idea of accounting for linguistic competence us-
ing a parametric model. We can, however, develop the generative-parametric paradigm
into a non-mental paradigm, and take the typological Sachverhalt as our sole explanan-





dum. In chapter , I do just this.

. Conclusion

In this section, I have argued that there is lile justification for the common prac-
tice of conflating theories of linguistic competence with theories of linguistic variation,
beyond the one-way dependence of the typological Sachverhalt on HLF.e issue arises
from the problem of induction familiar to epistemologists: no amount of experience can
serve to justify a natural law – no amount of observing linguistic variation can lead us
to warranted beliefs regarding HLF. Popperian falsifiability by crucial experiment can
serve as no aid here: no scientist can ‘re-run’ history to understand how to read the
typological Sachverhalte – to pick the laws of grammar out from the vagaries of chance.

Even if we take a cognitive approach to the problem of induction (Goodman 
[]) in accepting that inductive inference is valid for certain (what he calls project-
ible) predicates, we are forced to exclude from this set predicates referring to the typolo-
gical Sachverhalt. Neither Goodman’s ( []) pragmatist criterion for projectible
predicates – that they have become entrenched within a community of practice – nor
ine’s () Darwinian criterion – that they are true of natural kinds which we have
evolved to project – applies to anything we might predicate of the typological Sachver-
halt. Typological Sachverhalt predicates are not entrenched, because the extension of
the typological Sachverhalt has changed so radically over time, and therefore so have
also the things true of the typological Sachverhalt. Typological Sachverhalt predicates
cannot be true of a natural kind, because the typological Sachverhalt itself is not a nat-
ural kind – we have good reason to expect that the sample of languages with which we
are confronted in the typological Sachverhalt is nothing but the result of an accident of
history. We do not even have the kind of Darwinian explanation – a notion of survival
of the fiest in language is as nonsensical as it is abhorrent – that would make a natural
kind of a Sachverhalt. Exit induction over the typological Sachverhalt.

In chapter , I shall examine this problem in another light by aempting a quantit-
ative typological analysis of the morphosyntax of verbal agreement markers. Although
we know that the analysis will yield only invalid inferences to the nature of HLF, I shall





argue that this type of inquiry still has a place. Before we knowwhat to do with theories
of linguistic variation we must reconsider to what our inferences are made. Instead of
inference to the properties of a natural kind such as HLF, we must consider typological
theory as a method of ordering the complexity of the natural world within the context
of human cognitive capacity and interest: inference to the best explanation for the data,
whether that be a necessary property of HLF (or some other invariant feature of human
nature) or a contingent property of history. Indeed, we may conceive of Language as
a natural concept (Gärdenfors ) rather than as a natural kind. In other words, we
subjectivize ine’s () analysis of the new riddle of induction. is work is done in
chapter  in the context of an analysis of tone systems in the Chinese languages.





Chapter 

antified circularity: a study of verbal agreement markers

Far beer an approximate answer to
the right question, which is oen
vague, than an exact answer to the
wrong question, which can always be
made precise.

(Tukey c, –)

. Introduction

Typological research within the generative-parametric paradigm is typically under-
stood as an arena in which to test the predictions of the theories proposed in order
to account for the synchronic grammar of a single language (or a small number of lan-
guages). Under this conception, a good theory is one that (a) predicts aested paerns of
linguistic variation, and (b) predicts the absence of unaested paerns of linguistic vari-
ation. In other words, a theory is good to the extent that it distinguishes between pos-
sible and impossible languages (Dik ; Van Valin and LaPolla ). In this chapter,
I argue that the notion of impossible language inherent in the generative-parametric
paradigm prevents it from achieving typological explanation.

e argument is as follows: the notion of an ‘impossible language’ is an epistemo-
logically incoherent one (see section . for the full argument on this point). If we are
to hold that a theory of linguistic competence explains linguistic variation, we need to
perform a ‘rational reconstruction’ of the notion of impossible language. In this chapter,
I consider one possible reconstruction: instead of treating the distinction of unaested
vs aested languages as a difference in kind, we may treat it as a difference of degree.
On this view, we consider unaested languages as merely less probable than aested
languages. is reconstruction of the notion of ‘impossible’ language yields a notion of





theory of linguistic competence that distinguishes between languages on a continuous
scale of probability, rather than on a dichotomous scale of possibility (as in Newmeyer
). e tools for testing these hypotheses are quantitative in nature.

But this move does not solve the problem, as long as we hold to the style of argument
typical of the generative-parametric paradigm, i.e. that the distribution of linguistic phe-
nomena in the world leads to nontrivial findings about HLF. Any hypothesis about how
HLF is parameterized (which seeks to explain what is common or uncommon among
languages in the world) must include within it an explicit a priori theory of how oen
parameters are set one way or another. is a priori distribution of parameter seings
constitute the ‘expected’ values to be compared with the ‘observed’ values, i.e. the dis-
tribution of the phenomenon within the sample of languages. If the observed values do
not ‘match’ (loosely speaking) the expected values, then we reject the hypothesis which
generated the expected values. But what about the hypothesis do we reject? e partic-
ular parameters, or the frequency with which we expect parameters to be set one way
or another?

For example, does every parameter have a fiy percent chance of being set to ‘on’
in a given I-language, as is entertained by Baker and McCloskey ()? I entertain this
hypothesis in this chapter because it is the only one which I believe exists. Without
such a theory, we would have no a priori concept of what we expect to be common, or
uncommon, phenomena in the domain of linguistic variation. Our only guide would be
the distributional data with which we are faced. ere’s the rub, for to reason about
general laws from data such as these is to beg the question.

In order to illustrate why this is a problem, I aempt in this chapter a test of com-
peting hypotheses about the nature of verbal agreement morphemes, conducted fully
within the generative-parametric paradigm. e status of these morphemes within the

is quantitative explicitness is, however, present in the descriptive typological literature (Bell ;
Dryer ; Newmeyer a; ; Haspelmath ; Nichols ; Bickel ), although that tradi-
tion lacks the explanatory drive of either the classical generative paradigm or the generative-parametric
paradigm.

I am referring to the fallacy of petitio principii, in which one assumes the conclusion one is trying
to prove. e alternative I explore in chapter  is to remove the idea that any inference about HLF from
typological inquiry.





grammar is a disputed one. One view, found in Pollock (), as well as in Chomsky
(;  []), is that subject agreement (AgrS) and object agreement (AgrO) are the
realizations of syntactic heads in the same way as are V0 and T0. Julien () articulates
an alternative view (see also Chomsky ).

“as far as agreement markers are concerned, almost anything goes. is
indicates that agreement markers are of a different nature than other verbal
inflectional markers. e proposal adopted here that agreement markers do
not in themselves represent syntactic heads, while markers of other categor-
ies do, seems to have considerable support both conceptually and empiric-
ally.” (-)

For Julien (), the lack of paerns in where Agr morphemes appear within the
verb (i.e. the typological Sachverhalt of Agr morphemes) is an indication that the two
morphemes are inserted post-syntactically, and are therefore not syntactic terminal ele-
ments in their own right.

e questions to be answered by typological testing are then: do paerns exist in the
typological Sachverhalt of Agr morphemes within the morphological verb? If there are
paerns, do they accord with the predictions made by theories within the literature re-
garding the structure of themorphological verb, and of proposed processes of morpheme
linearization? In other words, are the paerns we see the paerns that current theories
of morphosyntax lead us to expect? I show that, in fact, while there are robust paerns to
the distribution of Agr morphemes within the morphological verb, none of the theories
of linearization in the literature are a good fit for the data. But are we justified in reject-
ing these theories of linguistic competence based on typological data? Only if we know
that the typological Sachverhalt is representative of HLF, which we have every reason to
believe is not the case. Moreover, if we aempt to ‘patch’ the typological predictions of
the theory to generate the typological Sachverhalte, we beg the question. Furthermore,
any aempt to quantify the typological predictions of a theory of Agr morphemes in
the generative-parametric paradigm will by definition beg the question. By aaching
expected p-values to parameter seings, we would assume the very distributions we set





out to prove.

() A précis for the busy linguist

a. antifying the typological predictions of hypotheses of HLF (probable vs

improbable languages) does nothing to make them supportable.
b. Any non-trivial hypothesis of HLF can be quantified a posteriori in such a

way to make its predictions statistically indistinguishable from the typolo-
gical Sachverhalt.

c. Testing a priori seings of parameter probabilities avoids circularity, but
still requires us to commit to the unrealistic assumption that the typological
Sachverhalt can be sampled in a way that is representative of HLF.

e chapter is structured as follows: in section ., I review the problem of induction as
it relates to research in comparative linguistics. Section . introduces some theoretical
background, as well as the typological database which forms the foundation of the study.
Sections . and . deal with the nature of the paerns themselves: section . looks at
the absolute positions of morphemes within the morphological verb, while section .
looks at the positions of Agr morphemes relative to T and V. In section ., I review the
question of possible areal effects on the data and conclude that the observed paerns
are independent of area. In section ., I compare the paerns uncovered in section
. to the predictions made by various hypotheses in the literature. Section . con-
tains a discussion of the problems faced by quantitative comparative linguistics within
a generative-parametric paradigm.

. e problem of induction in the generative-parametric paradigm

In this section, I restate the logical problem with the notion of an ‘impossible lan-
guage’, which is a special case of the problem of induction. For extensive discussion of
the problem of induction, see chapter . For this chapter, let us satisfy ourselves with a
brief, formalized statement of the problem:

() eproblem of induction (in brie): Consider a causal systemC , which generates





a set of observed instances SC{c1, c2, c3, · · · , ci}. ere is no logical necessity
that, if a property P holds of SC , that property P also holds of all possible outputs
of C .

In comparative linguistics – at least in the generative-parametric paradigm– the problem
of induction manifests itself as follows: there is no logical basis for making universal
claims about HLF (such as ‘all languages have property P’, or ‘no language has property
Q’) solely on the basis of observing the paerns present in aested languages.

All evidence about the structure of HLF is indirect: all arguments leading from ty-
pological Sachverhalte to the HLF are inductive in nature. e problem of induction is
endemic to research in the generative-parametric paradigm, and it may be summed up
as Carl Sagan did: “absence of evidence is not evidence of absence” (, ). e
notion of an ‘impossible language’ therefore has no place within a theory of linguistic
variation within the generative-parametric paradigm. While some languages may in-
deed be impossible, we have no way of distinguishing them from those which we have
merely not yet seen. Asking whether a linguistic paern is impossible is a question
which we cannot answer within the generative-parametric paradigm.

It is worth asking at this point: does this challenging claim imply that there are no
features intrinsic to Language? My response is no: the problem with ‘impossible lan-
guages’ is not ontological, in that they cannot exist, but epistemological, in that there is
no way to distinguish them from unaested languages. We cannot formulate univer-
sals based on the absence (in our sample) of this feature or that, because these univer-
sals may not reflect the structure of the causal system under investigation, viz. HLF.
If we are to follow this logic rigourously, this ban must include even those properties
we consider core aributes of Language, for example, structure dependence. We need
not abandon these properties, provided that there is psychological evidence for them.
In the case of structure dependence, for example, there is evidence (e.g. Moro ) that
non-structure-dependent languages are treated differently by the mind/brain. is is

e cosmologist Martin Rees is the original source of the quotation, but it appeared in print most
notably in Sagan ().





the type of evidence that we need to make a claim about HLF.

How then may we test the typological predictions of our theories? One method that
has found favour in areas of study beset by epistemological issues is the application of
probabilistic approaches (some foundational works include Keynes  []; Carnap
 []; Pólya  []; Popper ; Lewis ). Recall from the discussion in
Chapter  that – in the textbook example – to generalize that all swans are white (and,
therefore, that no one swan is black) solely from observation of instances of white swans
is invalid. However, in a probabilistic framework of induction (e.g. Carnap  []),
we might rescue the intuition given to us by the observation of only white swans by
saying not that no black swan exists (i.e. that p(black swan) = 0), but that it is unlikely
that a black swan exists (p(black swan ≪ 0.5). is enables us to navigate the waters
of an uncomfortable science (sensu Tukey a, via Diaconis ) such as comparative
inquiry within the generative-parametric paradigm.

is chapter is largely a demonstration of how this style of argument fails. It fails as
follows: confirmatory data analysis such as this requires a quantified hypothesis to test.
Observed values must be compared to expected values in order to decide whether or
not to accept the hypothesis. e problem here is that there is no hypothesis to provide
us with expected values that does not arise from the same data we are using to test the
hypothesis. When we use the same data both to suggest and to test hypotheses, we are
engaging in a circular argument – we confirm our bias (see Hayek , especially Part
One). In the sections to come, I illustrate this problem with an analysis of the status of
Agr morphemes.

. Background and methodology

.. eoretical background

In this section, I briefly outline the foundational assumptions of this study. ese
assumptions concern the nature of the relationship between the syntactic and morpho-

Of course, neurolinguistic methods are far from the only licit ones. For example, more ‘traditional’
elicitation methods, whatever their failings (Schütze ), are also psycholinguistic experiments, as are
the host of methodologies used in so-called ‘experimental’ linguistics.

e symbol ≪ represents ‘is much less than’.





logical components of the grammar. In brief, I assume a Y-Model grammar (Chomsky
and Lasnik , et seq.), in which the computational system generates an output which
is exported both to Logical Form (LF; the semantic component) and Phonological Form
(PF). Morphological operations occur on the ‘branch’ to PF.

I assume the morphological operations provided by the Distributed Morphology
(DM) (Halle and Marantz ) framework. e reason for this assumption is that the
DM framework (at least to some degree) treats the linear order of morphemes within
words as an explanandum just as is the linear order of words within sentences), rather
than something to be assumed. e DM operations relevant for this study are morpholo-
gical head movement, merger-under-adjacency, and affix-specific linearization require-
ments. All of these operations are given formal definitions in later sections, when in-
voked. Briefly, though, each enforces particular linear orderings of syntactic elements.
Head movement causes a syntactic head to be realized as affixal to a lower head (or
complex of heads). Merger-under-adjacency causes two linearly-adjacent heads to be
realized within a single morphological word. Affix directionality stipulates the direc-
tionality of affixation of the structures created by head movement and merger-under-
adjacency, i.e. is the moved/merged element realized as a prefix or as a suffix? I also
assume the existence of DM’s Fission operation (Marantz ; Noyer ; Halle and
Marantz ), which allows for one-to-many relationships between syntactic heads and
overt morphemes.

is chapter entertains three hypotheses: (i) the (null) hypothesis that Agr morph-
emes are inserted post-syntactically by rules that make no reference to syntactic and
morphological structure, with the result that no paern obtains over linear orders; (ii)

Figure .: e assumed architecture of the grammar

Syntax

PF LF

Morphology





the hypothesis that Agr morphemes are inserted by means of the morphological Fission
operation, with the result that the Agr morphemes appear in locations consistent with
restrictions on the positioning of Fissioned material with respect to its base-generated
position; and (iii) the hypothesis that Agr morphemes are syntactic heads. Under the hy-
pothesis that AgrS0 and AgrO0 are indeed syntactic heads (Pollock ; Chomsky ),
we would expect them to be treated by the morphological linearization component in
the same way as other syntactic heads such as T0 and V0.. Ergo, their phonological
exponents should be subject to restrictions on their linear position within the morpho-
logical word analogous to those which hold over the phonological exponents of T0 and
V0.

Sorting through these hypotheses involves showing (i) that there exist paerns in the
morphological distribution of AgrS and AgrO (thereby disproving the null hypothesis),
and (ii) that these paerns are not explained either by areal influence or by genetic
relatedness. In the next subsection, I introduce the typological database of verbal linear
morpheme orders (n = 64) that constitutes the empirical foundation upon which these
questions were studied.

.. Methodology

e primary source for the empirical content of this study is Julien (), which
contains a large database of the verbal morpheme orders as well as the basic word orders
of a wide variety of genetically diverse languages.

In this chapter, I follow this convention: when referring to the phonological exponents of syntactic
heads (morphemes in the classical sense), I use the abbreviations AgrS, AgrO, V, and T; when referring to
the syntactic heads themselves, I use superscript zero notation (AgrS0, AgrO0, etc.

For example, one such restriction would be the Mirror Principle (Baker ).
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Some recoding of the data in Julien () was necessary in order to adapt the data-
base for use in this study, which is concerned exclusively with word internal linear order.
In particular, six issues drove the recoding process. ese are enumerated in ().

() Issues confronted in recoding the database in Julien ()

a. Languages lacking one or both of the overt agreement morphemes
b. No clear ‘lowest common denominator’ of verbal morphology
c. Multiword verb complexes
d. Languages with fusional agreement morphemes
e. Potential areal and genetic confounds

One issue that arose concerns the frequent situation in which subject or (most com-
monly) object agreement is not morphologically expressed in the language in question.
For example, Chinantec (the fourth row in table .) lacks an overt object agreement
morpheme, while Isthmus Zapotec (the fih row in Table .) lacks overt agreement
markers altogether. To simplify this study, such languages were not included in the
new data set.

Even a cursory inspection of Julien’s () data set (such as that afforded by the
sample in Table .) reveals that there are few constants with respect to which morpho-
logical categories are expressed by the verb across languages. To minimize the degrees
of freedom and to maximize the usable data set, the following decision was made: this
study is concerned only with those verbal categories which appear in the vast major-
ity of languages with both subject and object agreement markers, the verb root (V) and
the tense marker (T). is decision has had two effects on the data set: first, the few
(n = 13) languages with overt AgrS and AgrO but without overt T were excluded from
the revised database. Second, the positions of morphemes other than V, T, AgrS, AgrO
(such as aspect, mood, and negation markers) were summarily ignored.

Even before the cuts that these three concerns motivated, the database contained
very few (n = 12 out of 530) languages in which Agr morphemes appeared in multi-

Interestingly, four of these twelve languages are creoles. (Julien )[]





word verbal complexes. e question arises: is this paucity an artefact of the coding used
in Julien (), or perhaps by the many sources cited therein? Put alternatively, were
AgrS and AgrO called by these names only when expressed as bound morphemes? e
answer is unclear. Because there were so few of them, however, multiword complexes
have been categorically removed from the data. is has had the effect of narrowing
the scope of this inquiry to one of the position of subject and object agreement markers
within a morphological word.

A further concern that spurred the recoding of the database was the need to deal
with fusional exponence: it is fairly common for languages to express, for example,
both subject and object agreement within a single morpheme. is situation is marked
in Julien () by the use of slash notation, i.e. S/OAgr = a fused (or portmanteau)
morpheme expressing both subject and object agreement; e.g. Kiowa in Table .. is
is a problem for a naïve study of verbal morpheme order, because there is no clear linear
precedence relationship between the two syntactic heads within the fused morpheme.
e solution adopted in this chapter is to treat fusional morphemes as ‘ties’: for example,
if the syntactic heads AgrS0 and AgrO0 are expressed in a given language as a single
morpheme, the morphemes AgrS and AgrO are treated as occupying the same linear
position.

Finally, steps were taken to minimize areal and genetic confounds. In controlling for
genetic confounds, no recoding was necessary, as the database in Julien () provides
means for controlling for genetic effects. Accordingly, within each word order class (e.g.
STOV, OSTV, etc.), I removed all but one language from each family. Some additional
coding was necessary in order to control for areal effects, because Julien’s database con-
tains no mechanism for doing so. New columns were therefore added for each language,
showing (a) their areal classification in Nichols and Bickel (, henceforth A),
(b) their latitude and longitude as given in A. Because the number of areas rep-
resented in Julien’s database is much smaller than the number of genera, it was not
possible to prune the data in the same way as was done above to ensure genetic strati-
fication. An alternative means will be necessary to ensure that areal effects do not cloud
the results of the study. is will be dealt with in section ..





e recoded database therefore has the following fields:

() Fields of the recoded database

a. Language: Name of the language
b. Genus: Genus (Julien )
c. Area: Area field from A
d. Long: Longitude field from A
e. Lat: Latitude field from A
f. S: Position of AgrS within the morphological word
g. T: Position of T within the morphological word
h. O: Position of AgrO within the morphological word
i. V: Position of V within the morphological word

Of these columns, the last four require further explanation: the possible values of
each are , , , or , corresponding to the position of the morpheme in question with
respect to the other three morphemes in the verbal complex of the language in question.
Henceforth I refer to this as the absolute position of a morpheme. Example may be of
assistance here: a language such as Atakapa (Tunica-Atakapa; Eastern North America)
has the order AgrO+V+AgrS+T, as is shown in ().

() cōkhē
medicine

hatseēc
bad

cak-hōlc-ūl-at
AO[]-put-AS[]-

‘they put bad medicine into them’ (Swanton , )

is is encoded as [S: , T: , O: , V: ], because the position of S is third within the word,
the position of T is fourth within the word, etc. For fusional morphemes, both constitu-
ent elements are coded as occupying the same position. ese are both coded with the
mean of the two positions that the morphemes would occupy if they were not fusional.
For example, Kiowa (Tanoan; Basin and Plains), with the order AgrS/AgrO+V+T, is en-
coded as [S: ., T: , O: ., V: ].

is will later be contrasted with the relative position (section ..).





() hèɡó
now

hábé
sometime

nɔ́ː
I

bɔ́-k’jál-tɔ́ː
AS/AO-invite-

‘I will ask you all to come some time’ (Watkins , )

e important point is that AgrS and AgrO are both coded with position ., the mean
of the positions ( and ) that AgrS and AgrO would occupy if they were not fused.

A sample of the recoded database is given in Table . (the entire database is given
in Appendix A).
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With the database recoded, it is possible to run various statistical tests to answer
one of the questions posed by this chapter: do any paerns hold over the typological
Sachverhalte of the positions of AgrS and AgrO within the morphological verb?

. Paerns in absolute position

Two things must be shown in order to establish that the linearization of Agr morph-
emes is paern-driven. First, it must be shown that the typological Sachverhalt of linear
morpheme orders is non-random. is is the goal of section ... Second, it must be
shown — as it is in .. — that the systematicity of the typological Sachverhalt is not
explicable solely by appealing to restrictions on the positions of V and T. It is necesary to
demonstrate the second point because, given that the distribution of only four morph-
emes is examined, strong paerns in the positions of V and T could cause ‘phantom’
paerns in the positions of AgrS and AgrO solely by virtue of their being excluded from
the positions that V and T occupy. e goal is to show the existence of paerns endo-
genous to AgrS and AgrO themselves. Section .. shows that, even without the inter-
ference of V and T, AgrS and AgrO are indistinguishable from one another in terms of
absolute position. is confirms that V and T are indeed driving much of the systemati-
city in absolute position. It is not shown, however, that AgrS and AgrO are completely
paernless (this question is addressed in section .). Section .. concludes with a
discussion of what these tests on absolute position do and do not show.

.. Systematicity in linear order

e distribution of linear orders within the database is non-random (Friedman test,
χ2(2) = 14.7, p = 0.002). is is shown by running a Friedman two-way analysis of
variance (Friedman ; ; ). e Friedman test is a non-parametric test which
detects differences among variables where the variables are expressed as ranks. For
example, the Friedman test could be used for detecting differences in the quality of wines
based on the opinions of multiple judges. In this example, the test would reveal whether

Compare the ‘flagpole problem’ (Salmon ) of the symmetry of explanation discussed in sec-
tion ..

All statistical tests were run in R ..; all simulations were programmed in Python ..





or not some wines are consistently rated above others, irrespective of the particular
rankings that any individual judge gives. It is the relative ordering that is important,
not the absolute position.

For this study, the different languages represent the judges, and linear ordering of
morphemeswithin a language is treated analogously to a judge’s rating of wines. If there
were no paerns whatsoever in the distribution of linear orders, then we would have
expected the Friedman test not to achieve significance, which would indicate no con-
sistent ordering of one morpheme before another. Given that the Friedman test returns
significance, we have reason to accept the claim that there is systematicity of some sort

involved in the distribution of verbal morpheme orders.
is result means that we must reject the null hypothesis that the positions of Agr

morphemes are best accounted for by means of stipulative rules of post-syntactic inser-
tion, where I define ‘stipulative rule of post-syntactic insertion’ as a rule that ignores all
structural considerations, be they syntactic or morphological in nature.

.. e nature of the paerns in absolute position

But what is the nature of this systematicity? All that the Friedman test shows is that
at least one morpheme paerns significantly differently than one other morpheme. In
other words, if we graph the means of the ‘absolute’ positions of each morpheme within
the database against the means that would be expected if morpheme orders were truly
random (= 2.5), the Friedman test only predicts that the mean position of at least one
morpheme will diverge significantly from this expected value. e graph in . shows
that, for this data set, only the means of the morphemes V and T diverge visibly from
the expected value of .: specifically, V tends on average to precede T.

We need to run post hoc tests to determine whether these differences are significant.
e test in question is the Wilcoxon Signed Rank test (Wilcoxon , because multiple
comparisons were made, p-values have been adjusted by the Bonferroni method). e
results show that there is a very significant difference between the paerning of V and
T (p < 0.001), and no other significant differences.

Particularly relevant for this study is the result that neither AgrS nor AgrO paerns





Figure .: Mean positions of morphemes: observed and expected if random (dashed
line)
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Table .: Significant differences among morphemes

.

p S T O
T 0.18
O 1.00 .
V 0.11 < . 0.12

significantly differently from any other morpheme. From this I infer that much of the
systematicity discovered by the Friedman test in section .. is due to paerns in V and
T, paerns that are to be expected, given the status of V0 and T0 as syntactic heads. is
does not demonstrate, however, that AgrS and AgrO do not have paerns of their own
with respect to absolute position: the strong systematicity of V and T may be masking
such paerns. For example, a hypothetical restriction on V and T to appear at the begin-
ning of the morphological verb would be indistinguishable from a restriction requiring
AgrS and AgrO to appear at the end of the verb. To determine whether or not this sort





of masking is occurring, a further test is required.

.. Subtracting the effects of V and T

In order to determine whether or not there any paerns in absolute position whose
effects cannot be explained solely with reference to V and T, I considered the positions
of AgrS and AgrO with respect to each other. If it could be shown that, regardless of
where V and T are positioned, AgrS tends to precede AgrO (or vice versa), this would
constitute an endogenous paern, and would therefore suggest that AgrS and AgrO be
analysed as syntactic rather than postsyntactic morphemes.

To this end, a second Friedman test was performed, this time asking only whether –
regardless of the particular positions of V and T – AgrS and AgrO paerned significantly
differently from each other with respect to absolute position. In other words, it asked
the question: does AgrS tend to precede or follow AgrO? e answer to this question is:
neither. e ‘absolute’ positions of AgrS and AgrO are indistinguishable from what we
would expect by chance (χ2(2) = 0.09, p = 0.758). is reinforces the conclusion drawn
from the results of the post hoc analysis in section .., namely that the systematicity
found in the absolute morpheme orders is due virtually entirely to the systematicity of
V and T.

.. Summary

So far, we have found lile to tempt us to reject the null hypothesis, viz. that the
typological distribution of the positions of AgrS and AgrO within the linear order of the
verb is due to chance alone, and therefore that these morphemes are best thought of as
added post-syntactically. e evidence for this is that, although there are paerns in
the absolute positions of morphemes within the data (section ..) these paerns arise
largely from skewing in the positions of V and T (section ..). AgrS and AgrO seem to
be entirely randomly distributed with respect to their absolute position. Moreover, this
(lack o) effect persists even when the positions of V and T are controlled for (section
..). Before rejecting the alternative hypothesis (i.e. that paerns drive the linear order
of AgrS and AgrO), however, it is necessary first to see if the same lack of systematicity





governs the paerns of AgrS and AgrO relative to V and T.is is the task of section ..

. Paerns in position of AgrS and AgrO relative to V and T

Section . presented evidence that most of the systematicity in the paerns in the
typological Sachverhalt verbal linear order is the result of the strong tendencies for V and
T not to occur with equal likelihood in each position. e distributions of the locations of
AgrS and AgrO, however, were each indistinguishable from each other, and from chance.
On this evidence, onemight be tempted to conclude that Agrmorphemes are not paern-
driven at all. Before accepting this conclusion, however, it is necessary first to ensure
that this lack of systematicity extends from absolute position to relative position: that
is, do AgrS and AgrO paern randomly with respect to the positions of V and T? e
answer is no.

If AgrS and AgrO were truly inserted post-syntactically, we would expect both AgrS
and AgrO to appear with equal likelihood before, between, and aer V and T.e reason
is as follows: under the null hypothesis, in which each order is as likely as any other,
it is a simple maer of counting the permutations of AgrS, T, AgrO, and V and noting
that (out of twenty-four possible orders), there are eight in which AgrS precedes both V
and T, eight in which AgrS appears between V and T, and a further eight in which AgrS
follows both V and T. e numbers are identical for AgrO. is flat distribution is the
expected result of the null hypothesis, which, in this section, I show to be largely borne
out by the data, first for AgrS (section ..), and then for AgrO (section ..).

.. Where does AgrS appear?

When considering the position of AgrS (or AgrO) with respect to V and T, there are
three possible places of aachment: to the le both of V and of T, between V and T, and
to the right both of V and of T. If the position of AgrS were truly randomly determined,
thenwewould expect each of these possibilities to appearwith equal frequency. To show
that this is not the case, the chi-squared test for goodness of fit was used. Languages in
which V preceded T (VT languages, n = 52) were separated from languages in which





T preceded V (TV languages, n = 11). For VT languages, a significant difference
was found between the observed and expected distributions of aachment sites (χ2 =

11.1, p = . ∗ ∗).

Figure .: Position of AgrS in VT languages (n = 52)
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For TV languages, on the other hand, significance was not achieved (χ2 = 5.0, p =

0.107), indicating a good fit of the uniform distribution model.

Figure .: Position of AgrS in TV languages (n = 11)
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Languages in which either AgrS or AgrO was fusional with T were treated as contributing half to
each possible ‘unpacking’ of the portmanteau morpheme. For example V&T+O+S would count as half of
a VTS language, and half of a TVS language.

Significance was not achieved, despite apparent skewing, due to a small sample size.





.. Where does AgrO appear?

For AgrO, the results are even more encouraging for the uniform distribution hypo-
thesis. For VT languages, the observed distribution of aachment sites is not signific-
antly different from the expected distribution (χ2 = 6.0, p = 0.060).

Figure .: Position of AgrO in VT languages (n = 52)
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For TV languages, no significant difference existed (χ2 = 4.7, p = 0.109).

Figure .: Position of AgrO in TV languages (n = 11)
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.. Summary

is section has shown that AgrS does exhibit some paerning in the typological
distribution of its position in linear orders, but only when considered relative to the





position of V and T with respect to each other, and only in VT languages), and not when
considered in absolute position.

With this shown, we may cautiously accept the null hypothesis that AgrS and AgrO
are randomly distributed among possible sites of aachment. It still remains to be shown
that this apparent randomness is not the result of averaging over paern-driven extra-
linguistic factors such as areal influence (or the contemporary result of historical rela-
tionships). Showing this is the task of section .. It is also incumbent on us to examine
alternative hypotheses, to see whether or not they can perform any beer. is laer
task is the work of section ..

. Areal effects

In sections . and ., it was shown that, although the systematicity in the typolo-
gical distribution of ‘absolute’ morpheme orders is largely an effect of the strong system-
aticity of the morphemes V and T, AgrS (and AgrO approaches this as a non-significant
trend) does exhibit paerning in its position with respect to V and T, at least in VT lan-
guages. In order to know that this tells us something about Language, we must ensure
that the paerns found in section . are not due to areal or genetic influence. Although
the construction of the database itself (as described in section ..) precludes a genetic
explanation, an areal explanation is still possible. e task of this section is to show
that areal effects alone cannot account for the skewing in the distribution of AgrS and
AgrO. I first describe the system of areal coding I use in the database of linear orders,
and second demonstrate independence of the relative positions of AgrS and AgrO from

ey can’t, at least without a ra of additional assumptions.

Table .: Chi-squared test for goodness of fit of the uniform distribution hypothesis

Distribution of AgrS Distribution of AgrO
VT languages (n = 52) χ2 = 11.1, p = . ∗ ∗ χ2 = 6.0, p = 0.060
TV languages (n = 11) χ2 = 5.0, p = 0.107 χ2 = 4.7, p = 0.109





area.

.. Areas

For the purposes of this chapter, I have adopted Nichols and Bickel’s () sys-
tem of area classification (henceforth A). In A, the world is divided
into twenty-four distinct geographical regions (called Areas in this database) within ten
macro-areas. ese regions are listed in ., along with a count of the total number
of languages that A lists in each area and an indication of how many of these
languages are represented in the sample that constitutes the recoded database.

e geographical composition of the sample is represented cartographically in the
figures presented in appendix A.

I shall now show that the relative positions of both AgrS and AgrO are independent
of area as defined in this way.

.. Area and relative order

In section ., it was shown that the distribution of the positions of AgrS and AgrO
is non-random. In order to draw from this the further conclusion that AgrS and AgrO
have syntactic status within the grammar, it must first be demonstrated that the sys-
tematicity in the distribution of AgrS and AgrO positions cannot be ascribed to areal
or genetic influences. Any undue influence of genetic factors on the database may be
discounted, because for each aested linear order, the database contains only one lan-
guage per family (cases where a given family had two or more languages which shared
in order were pruned until only one remained).

Areal influences, conversely, are harder to eliminate in such a way: there are only
twenty-four areas represented in A, and of these only twenty-one are represen-
ted in this database. To prune the database to include only one token of each morpheme
order in each A area would reduce the size of the database to an unacceptable

Information on boundaries is available in A.
ere are a few instances where A’s areas span more than one macro-area; languages coded

as in the ‘Basin and Plains’ area, for example, are coded variously for the macro-areas ‘Central America,
E. North America, and W. North America’.





Table .: e implementation of A’s areas in the recoded database (macro-areas
in bold-face)

Area In A (n) In sample (n)
Africa  

African Savannah  
Greater Abyssinia  
North Africa  
South Africa  

Australia  
Northern Australia  
Southern Australia  

Central America  
Basin and Plains  
California  
Eastern North America  
Mesoamerica  

Eastern North America  
Basin and Plains  
Eastern North America  

New Guinea and Oceania  
Interior New Guinea  
North Coast New Guinea  
Oceania  
Southern New Guinea  

North Central Asia  
Inner Asia  
North Coast Asia  
Southeast Asia  

South America  
Andes  
Northeastern South America  
Southeastern South America  

South/Southeast Asia  
India  
Inner Asia  
Oceania  
Southeast Asia  

West/Southwest Eurasia  
Europe  
Greater Mesopotamia  

Western North America  
Alaska-Oregon  
Basin and Plains  
California  
Mesoamerica  

TOTAL  





degree. e task of this section, therefore, is to demonstrate that areal influence is not
responsible for the skewing described in section ..

e distribution of the relative positions of AgrS across areal groups is shown graph-
ically in fig. ..

Figure .: e relative position of AgrS by area
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In fig. ., a series of groups of three bars is shown, one group for each linguistic
area represented in the database. e three bars in each group represent the percentage
of languages in the linguistic area which position AgrS (i) before V and T, (ii) between
V and T, and (iii) V and T. e height of the bars indicates the sample size for each area.

For example, the languages within in the sample whose area was coded as African
Savannah put AgrS exclusively before V and T, and had no instances in which AgrS
intervened between V and T, or followed V and T. Of the languages in the sample from
the Andean area, however, only one of seven had an order in which AgrS preceded V
and T, one of seven had an order in which AgrS came between V and T, and four of
seven had an order in which AgrS followed V and T. Figure . shows the equivalent
situation for AgrO.

It is possible to test the independence of (macro-)area from the relative position of
the Agr morphemes, but even macro-area is too fine-grained a category for our pur-
poses. As can be seen from the map in fig. A., the sample is drawn unequally from

One of seven had an order where AgrS and T were expressed as a portmanteau morpheme





Figure .: e relative position of AgrO by area
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A’s macro-areas, due to the limited data available. Most contingencies (i.e. most
unique combinations of macro-area and relative order) are empty or characterize so few
languages as to render inference very dubious. I have taken the approach of combin-
ing areas in order to arrive at a more viable level of granularity. e highest level of
linguistically-relevant geographical structure (i.e. a practical limit to areal effects) is the
hemisphere: the Americas (roughly, the Western hemisphere) vs Eurasia, Africa, and
Australasia (the Eastern hemisphere). AgrS and AgrO are distributed among the two
hemispheres as is shown in tables . and ..

Table .: e relative position of AgrS by hemisphere

Hemisphere S S S
Western (n = 40)   
Eastern (n = 36)   

e test that we may run is Fisher’s Exact Test, which is used as a test of inde-
pendence for two categorical variables: for us, these variables are hemisphere and the

In the counts in tables . and ., I have counted twice situations where an Agr morpheme is realized
in the same (portmanteau) morpheme as T. is is in contrast to my usual treatment of these cases (see
section ..), viz. adding . to the count of each possible category (i.e., V-S&T, as in Spanish cant-aron
sing-. ‘they sang’, counts as . for the category VST, and . for the category STV). is is to allow
testing by Fisher’s Exact Test, which requires count (integer) data.





Table .: e relative position of AgrO by hemisphere

Hemisphere O O O
Western (n = 40)   
Eastern (n = 36)   

position of an Agr morpheme relative to V and T (as used in section .). For AgrS,
Fisher’s Exact Test shows that the two variables are indeed independent (the null hy-
pothesis; p = 0.946). Fisher’s Exact Test weighs against an areal explanation for the
relative position of AgrO as well (p = 0.792).

With the distribution the relative positions of both AgrS and AgrO established as
independent by these tests, we may rule out areal effects as an explanation (really, an
imputation of cause) for the skewing noted in section .. e aim in doing so is to
leave only an explanation internal to HLF itself. In other words, in keeping with the
assumptions of the generative-parametric paradigm (for this chapter, at least), we wish
to explain the typological Sachverhalt in terms of HLF. e following section examines
what such an explanation would resemble.

. Hypotheses from the literature

As we have seen in the preceding sections, Agr morphemes exhibit some limited sys-
tematicity in the typological distribution of their linear positions within the morpholo-
gical verb. In particular, the position of V and T morphemes are significantly different
from each other (table .). e positions of AgrS and AgrO cannot therefore be entirely
arbitrary, because they lack the uniformity of distribution expected of arbitrary data (as
shown in section .). What remains to be done is to develop and to test a hypothesis
that accounts satisfactorily for the observed systematicity.

ree varieties of hypothesis exist: those that explain regularities in the distribution
I calculated p-values by means of a Monte Carlo method with B = 2000 replications (Hope );

this is advisable in cases with small (but non-zero; see section ..) expected values in some cells (Sokal
and Rohlf ).





of AgrS and AgrO by appealing to their status as syntactic heads (-a), those that explain
the regularities by an appeal to a post-syntactic operation such as Fission (-b), and those
that explain the regularities by an appeal to diachronic factors external to the grammar
(-c).

() Classes of hypothesis

a. AgrS and AgrO are syntactic heads subject to syntactic linearization pro-
cesses (Chomsky  []; Koizumi ; Runner )

b. AgrS and AgrO are not syntactic heads; these morphemes appear as the res-
ult of the application of certain constrained morphological operations (Mc-
Ginnis ; Chung ; Bobaljik )

c. AgrS and AgrO are not syntactic heads; these morphemes’ linear positions
reflect the result of historical pathways of grammaticalization (e.g. Bybee
and Pagliuca ; Blevins ; Mohanan et al. , among many others)

Classes (-b) and (-c) have similar implications for a theory of syntax, viz. that AgrS0

and AgrO0 do not exist, at least as syntactic heads. Instead, AgrS and AgrO are inser-
ted in the morphological component of the grammar. Likewise, classes (-a) and (-b)
have something in common, viz. the locus of explanation. Both of these types of hy-
pothesis aempt an explanation of the distribution of AgrS and AgrO positions that is
fully internal to the synchronic grammar. Class (-c), conversely, rejects the synchronic
explanation in favor of a diachronic one (although it makes no necessary claims about
the synchronic status of the Agr morphemes.) ese axes of divergence are schematized
in table ..

In this section, I examine two of these hypotheses: the Fission hypothesis, and (two
varieties o) the syntactic hypothesis. I do not in this chapter consider the possibility
that the paerns in the linear order are best expressed by an appeal to facts of dia-
chronic change in grammaticalization to the exclusion of a synchronic explanation: see

Such a diachronic explanation could also coexist with synchronic hypotheses such as (-a) and (-b).
Here I am describing not genetic or areal effects, but rather functional explanations “rooted in the

needs and capabilities of language learners and language users” (Moravcsik , ).





Table .: Classes of hypothesis

Status of Agr morphemes
Syntactic Dissociated

Locus of explanation (-a) (-b)
(-c)

Bresnan and Mchombo () and Coppock and Wechsler () for examples of this
type of analysis. e reason for this omission is that existing hypotheses of this sort
are all explanations post factum, rather than lawlike generalizations which would bear
quantitative testing of the type that I employ in this chapter.

As an aside, and lest the reader mistake my position, there are excellent reasons why
grammaticalization analyses should be post factum: the language change is the domain
of a historical science, a domain whose kinds do not support lawlike generalization:
contingency rules here above and beyond necessity. A quantitative test of a hypothesis
is an experiment, and it requires a theoretical distribution against which to test any
observed distribution. Grammaticalization hypotheses offer none, and rightly so.

Even then, experiments must be done in conditions amenable to experimentation,
viz. in a domain where samples can be repeatedly drawn from a causal system (in other
words, those conditions proper to an experimental science). In fact, we shall see this
confound invalidate even those tests which do purport to give theoretical distributions
which we may test. Aaching numbers to a circular argument does not make it any less
circular. But let us proceed through this more slowly.

First, I consider the hypothesis that AgrS and AgrO are morphemes whose overt ap-
pearance is conditioned by the application of Fission to T0 and V0, respectively. I then
examine the family of hypotheses that Agr morphemes are the spell-out of syntactic
heads, and that the DM theory of morphological linearization explains their positional
distribution. Testing the typological implications of these hypotheses requires ancil-
lary assumptions about the nature of cross-linguistic variation (which I have taken to

Under such an analysis, the Agr morphemes are constrained not by the synchronic grammar, but by
independently observed paerns of grammaticalization.





be parametric) and the distribution of whatever controls such variation (which I have
taken to be an a priori value of % for a given parameter seing, aer Baker andMcClo-
skey ). Even with these assumptions, I show that none of the hypotheses offers an
adequate explanation of the paerns in the typological distribution in the linear order
of agreement morphemes. In fact, it is assumptions of these sorts themselves that make
typological hypotheses in the generative-parametric paradigm unsatisfying.

.. AgrS and AgrO as the spell-out of Fissioned features of T0 and V0

e first hypothesis that examine, which I shall term the Fission hypothesis, holds
that the overt appearance of Agr morphemes is the result of the application of the mor-
phological operation of Fission (Halle and Marantz ). More specifically, the Fission
hypothesis considers AgrS and AgrO to be features bundled on T0 and V0, respectively.
Ideas such as this have had, in one way or another, a long history in the literature.
First, the idea that AgrS and AgrO are post-syntactically inserted morphemes (or oth-
erwise non-syntactic elements of some sort) goes back originally to Chomsky (),
and in more recent times, to Halle and Marantz () and Chomsky (). McGinnis
() is where a version of the Fission hypothesis finds explicit formulation. Because
the morphological operation Fission is restricted with respect to the outputs it creates
(see below), the Fission hypothesis makes typological predictions about the frequencies
of different positions of AgrS and AgrO with respect to V and T. In this section, I first
formally define the Fission operation, then outline and test the predictions that the Fis-
sion hypothesis makes. is test finds the Fission hypothesis wanting as an explanation
of the distribution of orders in the current database.

Fission was introduced (Marantz ; Noyer ; Halle andMarantz ) as a pos-
sible morphological operation to ensure that one-to-many syntactic head-to-morpheme
correspondences were possible within a DM grammar. Fission has the effect of taking a
morphological feature present on a syntactic head and enabling that feature to act as a
separate constituent for the purposes of spell-out (i.e. what appears to be one syntactic
constituent may be realized by two separate overt morphemes). Fission is formalized in
().





() e general form of a Fission rule:

X0 → X0, [feature] (order irrelevant)
|

[feature]

An example of a Fission rule in operation comes from the verbal agreement paradigm
of Tamazight Berber, where two separate affixes express second person agreement: the
prefix /t-/, and the suffix /-d/, which also expresses agreement with a singular subject.
In order to allow such multiple exponence of the second person feature [], a Fission
rule is necessary.

() Fission at work in Tamazight Berber (adapted from Harley and Noyer , ):

AgrS0 → AgrS0, []
| |

[, sg] [sg]

With the rule in () in place, the feature [] can now be spelled out twice, once by the
prefix /t-/, and once by the suffix /-d/ (albeit indirectly, as part of the condition of inser-
tion). e contexts for insertion of these Vocabulary Items are given in ().

() Vocabulary Items expressing [] in Tamazight Berber:

a. /t-/ ↔ []
b. /-d/ ↔ [sg] / , []

Note in particular that the insertion of the /-d/ singular suffix is conditional on the
(presumably local) presence of []: /-d/ secondarily expresses [] (Noyer ). Fission

Note that only one of the affixes (/t-/) expresses [] directly – the other expresses it indirectly as part
of the conditioning environment for insertion of the suffix /-d. See () for details.

Fission also requires the addition of another position of exponence, as Harley and Noyer ()
state: “In a fissioned morpheme, Vocabulary Items are no longer in competition for a single position-
of-exponence, i.e. for the position of the morpheme itself. Rather, an additional position-of-exponence is
automatically made available whenever a Vocabulary Items is inserted.” ()





provides a way to express such secondary expression. Without the existence of Fission,
/-d/ would express both [] and [sg], and its insertion would, by Halle’s () Subset
Principle, bleed the insertion of /t-/, because /t-/ expresses only [].

In sum, this allows the generation of forms such as t-dawa-d (() ‘you (sg)
cure’) (Harley andNoyer , ). Under the assumptions inHarley andNoyer (), the
surface morphemes resulting from Fission need not be string-adjacent, as the Tamazight
Berber example shows. is arises from the assumption (mentioned in ()) that the out-
put of Fission is an undordered set of feature bundles, rather than an ordered sequence.
e Vocabulary Items expressing the features of a given head may therefore appear at
a distance from each other, as they will be subject to the idiosyncratic dictates of the
language’s linearization rules.

Contra Harley and Noyer (), I shall assume an even stronger restriction in this
chapter, namely that a requirement on string-adjacency holds over the result of the out-
put of Fission (González Poot and McGinnis ). e reason for this stringency is a
practical one, in that it allows for a testable typological hypothesis: if Fission can pro-
duce outputs in which a single syntactic head’s features are arbitrarily far away from
one another, no morpheme order is impossible, which is our null hypothesis.

McGinnis (), following Chomsky (), treats AgrS features as base-generated
on T0, and AgrO features as base-generated on v0.  e Fission hypothesis therefore
requires a Fission rule to have applied for each overt appearance of an Agr morpheme.
ismeans that, for every language in this chapter’s data set, two Fission rulesmust have
applied: one separating AgrS from T0, and another separating AgrO from V0. e local
nature of Fission as stipulated above ensures that the spell-outs of AgrS and AgrO will
not stray far from the spell-outs of T0 and V0, respectively. More specifically, the Fission
hypothesis predicts that AgrS will never appear except when adjacent to T, and that
AgrO will never appear except when adjacent to V. ese predictions can, in principle,

For the purposes of this chapter, McGinnis’s v0 is equivalent to V0.
Given that Fission produces adjacent outputs, why not hypothesize that the verb root V and the tense

morpheme T are separate only as the result of a Fission rule? Although it would derive something close
to the observed distributions, I do not entertain this hypothesis further because, unlike the existence of
Fission, the independent existence of V0 and T0 is corroborated by decades of syntactic research.





be compared to the observed distributions of the positions of AgrS and AgrO using a
goodness of fit test such as the chi-squared test.

e standard procedure when comparing a theoretical distribution to an observed
distribution is to use a goodness of fit test, such as Pearson’s chi-squared test. A good-
ness of fit test measures the likelihood that observed data (O) is drawn from an a pri-

ori expected distribution (E), oen the predictions of a hypothesis. If the test returns
nonsignificance, then we may infer that the expected distribution matches the observed
distribution. In such a case, the hypothesis that generated the expected distribution is
said to be a good fit of the data.

In this study, the expected distributions were drawn from the typological predictions
of where AgrS andAgrO appear (before V and T, between V and T, or aer V and T)made
by the various hypotheses of the status of AgrS and AgrO. e observed distribution is
always the same, viz. the number of languages that fall into each category: that in which
AgrS or AgrO appears before V and T, that in which AgrS or AgrO appears between V
and T, and that in which AgrS or AgrO appears aer V and T. roughout this section,
I consider the distributions of AgrS and AgrO separately. I also consider VT languages
and TV languages separately.

ere is a problem, however, in that the chi-squared test requires division by the
value in each category of the expected distribution. When one of these values is zero
(e.g. when a hypothesis predicts the absense of a category), the chi-squared test cannot
be performed, because to do so would lead to an undefined result. Nevertheless, there is
a clear conclusion to be made in such cases: the expected distribution is not a good fit
to the observed distribution, because it fails to allow for a category that exists.

Indeed, this is the case with the Fission hypothesis, at least once it is bolstered
with (or, alternatively, hampered by) the addition of the locality restriction I introduced
earlier in this section. It predicts the impossibility of SVT and VTO orders (as shown in
table .), as well as of their mirror-images TVS and OTV. We see in fig. . that this is
not borne out.

As mentioned above, no chi-squared test is possible when there are expected values
of zero. Indeed, none is necessary. Either the category exists, or it doesn’t. In this case,





Figure .: e Fission hypothesis makes the wrong predictions in all cases
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Table .: Expected values (morpheme order distribution in percentage of languages)
predicted by the Fission hypothesis

(a) AgrS in VT languages

ESV T EV ST EV TS

0 0.5 0.5

(b) AgrO in VT languages

EOV T EV OT EV TO

0.5 0.5 0

(c) AgrS in TV languages

ESTV ETSV ETV S

0.5 0.5 0

(d) AgrO in TV languages

EOTV ETOV ETV O

0 0.5 0.5

it does, so the strong Fission hypothesis must be rejected.
One might stop here to ask: am I merely indulging in the burning of a straw man?

Why not relax the strong locality restriction on Fission, and see what happens then?
My rejoinder is this: ‘what happens then’ is that any order is generable. One may ap-
ply Fission to a feature and alter its surface order an arbitrary number of times. is
is entirely acceptable for a theory of HLF – which is what DM claims to be – but not
for a theory that purports to explain the typological Sachverhalt. From this I conclude
that the Fission hypothesis is to be rejected as a typological explanation of the typo-
logical Sachverhalt of the linear orders of Agr morphemes within the verb. Although
this rejection is predicated on an assumption about the local nature of Fission, a version
of the Fission hypothesis without such an assumption would overgenerate to the point
where no distinction could be made between possible and impossible orders, or even
between probable and improbable orders. Of course, development of any other theory
of constraints on the application of Fission would salvage it as a testable hypothesis. It
remains to be seen whether such restrictions would beer describe these data.

.. Four syntactic hypotheses

e second family of hypotheses I consider here are what I call syntactic hypotheses.
In these models, the morphemes AgrS and AgrO are considered to be the phonological
realizations of the syntactic terminal nodes AgrS0 and AgrO0. Paerns in the distribu-





tion of AgrS and AgrO are are held to arise from general restrictions on the linearization
of syntactic material. More specifically, only a limited set of linearization operations
are applicable to a given syntactic structure, and consequently, not every linear order is
possible. Together, these operations give us complete linearization grammars, defined as
functions which take hierarchical structure as input and give linear structure as output.
Such grammars can be described as sets of parameter seings, where each parameter
represents the application or non-application of one of these operations.

Moreover, if one assumes Baker and McCloskey’s () proposal that particular ty-
pological Sachverhalte (typological distributions of linguistic phenomena) arise from
parameters’ being set with % likelihood in each of their two possible seings, then the
syntactic hypotheses make predictions about probable vs improbable languages. e
reason for this is as follows: some linear orders can be arrived at by many distinct com-
binations of parameter seings, whereas others are available only by means of a few,
highly specific combinations. ose which are reachable in many ways should be more
common than those which are reachable in only a few ways if the distribution of para-
meter seings is uniform.

In fact, given (i) a syntactic structure as input, (ii) a theory of linearization oper-
ations (parameters), and (iii) a theory of typological parameter seing distributions, a
syntactic hypothesis makes testable predictions about the distribution of linear orders.
ese predictions can be tested in the same way as were entertained in section .., i.e.
using statistical tests such as the chi-squared test of goodness of fit. In this section, I test
four syntactic hypotheses, which differ only with respect to the syntactic structure each
takes as input. Like the Fission hypothesis, however, all versions I consider here make
the wrong typological predictions.

e four theories that I test in this section differ in their assumptions about the syn-
tactic structue of AgrS0, T0, AgrO0, and V0. e first theory is based on Chomsky (
[]) (represented by the tree in (-a), and the second is based on Koizumi ()
and Runner () (represented by the tree in (-b)). e next two trees represent the
two remaining logically possible hierarchical structures in which T0 dominates V0 and
in which AgrS0 is either parent or child of T0 and AgrO0 is either parent or child of V0.





ese are illustrated in (-c) and (-d).

() e hierarchical structure of agreement heads

a. Chomsky ( [])
AgrSP

TP

AgrOP

VPAgrO0

T0

AgrS0

b. Koizumi (); Runner ()
TP

AgrSP

VP

AgrOPV0

AgrS0

T0

c. An alternative Inner Agr hypothesis
TP

AgrSP

AgrOP

VPAgrO0

AgrS0

T0

d. An alternative Outer Agr hypothesis
AgrSP

TP

VP

AgrOPV0

T0

AgrS0

e set of available linearization operations that I assume is the following: (i) head
movement, (ii) merger-under-adjacency, and (iii) affix directionality. All three of these
are standard operations available to a DM grammar (Harley , for example, argues
for the necessity of all three operations). Each of these operations applies at a different
point in the morphological derivation, and therefore each operates on a different type
of representation. ey all, however, conspire to do essentially the same thing: fix the
linear order ofmorphemeswith respect to one another. eway inwhich each operation
accomplishes this task, however, is slightly different. I shall now briefly review each of
these operations, before turning to the specific predictions that they make in concert
with the two syntactic inputs described above.

Future work might include an examination of the hypothesis of Ouhalla (), that the difference
between the hierarchies in (-a) and (-b) is itself a parametric one available only to verb-initial lan-
guages, which are allowed to employ the structure in (-b). In this chapter, however, it is impractical to
examine this hypothesis because it relies on linguistic properties external to the linear order of morphemes
within the verb.





e first operation I consider is head movement, which applies to the output of the
narrow-syntactic component, and converts a structure such as (-a) into a structure
such as (-b).

() Head movement

a. Input
XP

YP

Y0

X0
→

b. Output
XP

YP

ti

X0

X0Y0
i

e second morphological operation by which non-syntactically-derived linear or-
ders may arise is merger-under-adjacency (Bobaljik ), which applies late in the de-
rivation to the structure created by the application of head movement. Merger-under-
adjacency takes as its input two linearly adjacent heads. e linear adjacency condition
means that merger-under-adjacency cannot apply over intervening specifiers; however,
the notion of linear adjacency invoked in merger-under-adjacency allows adjuncts to be
transparent.

() Merger-under-adjacency

a. Input b. Output
XP

YP

YP

Z0Y0

Adj

X0

→ XP

YP

YP

Z0Y0

X0
iY0

Adj

ti

Finally, affix directionality (Halle and Marantz ; Barragan ; Harley ),





while not a morphological operation per se, enforces a directionality relationship
between the stem + affix sequences derived by head movement or merger-under-
adjacency (the terminal node not containing the root, prior to the application of head
movement or merger-under-adjacency, is the affix). Under affix directionality, each affix
may be specified as aaching to a particular side of its stem, i.e. each affix is specified
as a prefix or a suffix.

ese operations are the source of the expected values (E) for the syntactic hypo-
theses. Since the number of possible combinations of the application of these rules is
too large to allow calculation by hand, a Monte Carlo simulation was run (N = ),

in which each of these rules was conceived of as a set of parameters (one parameter for
each potential site of application of each rule, i.e. one parameter for head movement to
AgrO0, one parameter for head movement to T0, etc.) which were with % likelihood
set to ‘on’ (and which therefore had a % change of being set to ‘o’). ese parameters
constituted the boundaries of possible variation in morpheme order. In each iteration,
 languages were generated according to this model. To this, I added a small amount
of ‘noise’: % of languages had their order completely randomized. is had the effect of
slightly smoothing the probability distribution. Over  iterations, this model yielded
a mean typological distribution of linear orders to test against the observed paerns (O).
I now turn to the results of these tests, first for Chomsky’s ( []) theory, then
for the theory from Koizumi (); Runner (), and finally, for two other theories of
verbal domain structure broadly compatible with the current state of syntactic theory.

Given as an input Chomsky’s ( []) theory of the hierarchy of heads within
the verbal domain (-a), the computational model generated the following expected
values of morpheme orders.

ese values are compared to the observed distributions in fig. ., wherein the
graphs compare the observed distributions of AgrS and AgrO to their expected distribu-
tions (given the Chomsky  [] hypothesis), in VT languages and TV languages
separately. In each graph, three sets of two bars are shown. Each pair of bars represents

A Monte Carlo simulation consists in the repeated (N iterations) running of a non-deterministic
simulation in order to determine that the results are robust.





Table .: Expected values (morpheme order distribution in percentage of languages)
predicted by Chomsky ( [])

(a) AgrS in VT languages

ESV T EV ST EV TS

0.443 0.004 0.553

(b) AgrO in VT languages

EOV T EV OT EV TO

0.389 0.497 0.114

(c) AgrS in TV languages

ESTV ETSV ETV S

0.569 0.003 0.428

(d) AgrO in TV languages

EOTV ETOV ETV O

0.003 0.569 0.428

the percentage of languages either observed or expected to exhibit a particular relative
morpheme order: one in which the Agr morpheme precedes both V and T, one in which
the Agr morpheme intervenes between V and T, and one in which the Agr morpheme
follows both V and T. e first bar in each pair represents the percentage of languages
observed to exhibit the particular order, and the second represents the percentage of
languages expected to exhibit the particular order.

e graphs in fig. . are to be read in the same way as were those in fig. .: each
pair of bars compares the percentage of languages observed to exhibit a particular relat-
ive morpheme order, to those which are expected to do so given Chomsky’s ( [])
version of the syntactic hypothesis. e first in each pair represents the percentage of
languages observed to exhibit the order, and the second represents the percentage of
languages expected to exhibit the order. For example, although the Fission hypothesis
led us to expect AgrS never to precede both V and T in VT languages, this is precisely
we observed to happen in over 40% of VT languages.

A cursory visual inspection of the paerns revealed in fig. . suggests that Chom-
sky’s ( []) theory might well match the observed distribution of of AgrS. In the
cases involving AgrO, the fit is less clear. We might therefore be tempted to endorse
Chomsky’s ( []) theory on the basis of fig. .. If we wish to formalize the
inference, of course, we must determine whether any divergence of the observed data –
the Agr morpheme Sachverhalt shown in fig. . – from the expected data table . is





Figure .: e syntactic hypothesis using Chomsky’s ( []) theory of the syn-
tactic position of verbal agreement heads
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significant.
In fact, the chi-squared test indicates that the divergence is significant, and that

we should reject the null hypothesis, i.e. the hypothesis that the observed and expected
distributions are not distinct. e test indicates significance (to be interpreted as a lack
of goodness of fit) in all cases (although only marginally so in the case of AgrS in VT
languages). e p-values are given in table ..

Table .: Chi-squared test for goodness of fit of Chomsky’s ( []) theory

Distribution of AgrS Distribution of AgrO
VT languages (n = 52) χ2 = 162.4, p < . ∗ ∗∗ χ2 = 54.6, p < . ∗ ∗∗
TV languages (n = 11) χ2 = 6.7, p = .∗ χ2 = 189.2, p < . ∗ ∗∗

Chomsky’s ( []) hypothesis is quantitatively inaccurate for typological pur-
poses. But is this an indictment of the hypothesis in a theory of competence? I argue that
it is not. Recall the auxiliary assumption that was necessary for us even to ask these ty-
pological questions, namely that (micro-)parameters are set to ‘on’ with % frequency.
So what is argued against by the result in table . is both the Chomsky ( [])
Agr hypothesis and the Baker and McCloskey () % parameter-seing hypothesis.

Two possible conclusions suggest themselves, if we continue to assert that the ty-
pological Sachverhalt follows directly from the nature of HLF: either we reject one of
these hypotheses or we reject them both. My inclination is to accept neither as typolo-
gically relevant, for the reasons that I outlined in Chapter . But a linguist of a different
temperament might argue that this represents that the distribution in positions of verbal
agreement morphemes is not a steady typological state (sensu Maslova ), and there-
fore not something essential about Language.

Let us turn now to some alternative conceptions of the hierarchical organization of
verbal agreement heads. First, we shall take that espoused by Koizumi () and Runner

As for Fisher’s Exact Test in section .., I calculated p-values by means of a Monte Carlo method
with B = 2000 replications (Hope ).

However, if we look ahead to the point of view I espouse in chapter , we can see this as an examplar
of analysis in ideal-typology, a formal, non-mentalist paradigm of typological inquiry.





(), as reprinted in ().

() Koizumi’s () theory (see also Runner )
TP

AgrSP

VP

AgrOPV0

AgrS0

T0

In Table . I give the expected values generated by this conception of the clausal hier-
archy.

Table .: Expected values (morpheme order distribution in percentage of languages)
predicted by Koizumi (); Runner ()

(a) AgrS in VT languages

ESV T EV ST EV TS

0.353 0.644 0.004

(b) AgrO in VT languages

EOV T EV OT EV TO

0.295 0.702 0.003

(c) AgrS in TV languages

ESTV ETSV ETV S

0.003 0.609 0.388

(d) AgrO in TV languages

EOTV ETOV ETV O

0.004 0.498 0.498

ese expected values can be compared with the observed values in the graphs in
.. A cursory inspection does not suggest a particularly good fit; only in the upper
right graph, representing the position of AgrO in TV languages, do the observed and
expected values line up to any noticeable degree.

Running the chi-squared test on these data, however, shows that in none of the four
cases does this syntactic hypothesis fit the data. e results of the tests are significant
in all cases, indicating a total lack of goodness of fit. e p-values are given in ..

e same caveats for interpreting the results of the chi-squared test on Chomsky’s
( []) theory apply here as well: the model which assumes that linearization op-





Figure .: e syntactic hypothesis using Koizumi’s () theory (also Runner )
of the syntactic position of verbal agreement heads
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Table .: Chi-squared test of goodness of fit of Koizumi’s () theory

Distribution of AgrS Distribution of AgrO
VT languages (n = 52) χ2 = 2521.2, p < . ∗ ∗∗ χ2 = 3081.5, p < . ∗ ∗∗
TV languages (n = 11) χ2 = 1273.1, p < . ∗ ∗∗ χ2 = 140.4, p < . ∗ ∗∗

erations are parametric, and that they occur roughly % of the time, is under suspicion
as a typological theory as well.

Let us now turn briefly to the two remaining hierarchical structures (-c) and (-d).
Let us call the first of these (-c) the Inner Agr theory of the verbal domain; the con-
stituent structure is reprinted as ().

() An Inner Agr theory
TP

AgrSP

AgrOP

VPAgrO0

AgrS0

T0

According to the Inner Agr theory, the verbal domain has a structure in which T0 dom-
inates AgrS0, and AgrO0 dominates V0.

Given the Inner Agr theory, the computational model generates the expected typo-
logical Sachverhalt in Table ..

e expected distributions in . may now be compared against the observed dis-
tributions. e result is shown graphically in ., where one can see at first blush the
extremely poor fit of the Inner Agr theory.

Indeed, this impressionistic sense is confirmed by the results of chi-squared test in
which all cases returned significance, indicating a poor fit of the model to the data in all
cases.

Let us end this section by looking at a theory of the verbal domain in which AgrS0





Figure .: e syntactic hypothesis using the Inner Agr theory (-c) of the syntactic
position of verbal agreement heads
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Table .: Expected values (morpheme order distribution in percentage of languages)
predicted by Inner Agr ()

(a) AgrS in VT languages

ESV T EV ST EV TS

0.304 0.693 0.003

(b) AgrO in VT languages

EOV T EV OT EV TO

0.347 0.650 0.002

(c) AgrS in TV languages

ESTV ETSV ETV S

0.004 0.663 0.333

(d) AgrO in TV languages

EOTV ETOV ETV O

0.004 0.609 0.387

Table .: Chi-squared test of goodness of fit of the Inner Agr theory

Distribution of AgrS Distribution of AgrO
VT languages (n = 52) χ2 = 3373.5, p < . ∗ ∗∗ χ2 = 3077.4, p < . ∗ ∗∗
TV languages (n = 11) χ2 = 953.6, p < . ∗ ∗∗ χ2 = 142.9, p < . ∗ ∗∗

dominates T0, and V0 dominates AgrO0 (-d). is structure is given again in tree form
in (). Let us call this theory the Outer Agr theory.

() An Outer Agr theory
AgrSP

TP

VP

AgrOPV0

T0

AgrS0

e simulation, when provided with the constituent structure of the Outer Agr the-
ory as input, yields the expected distributions of morpheme orders given in Table ..

e expected values output by this model may now be compared with the observed
values, as in ..





Figure .: e syntactic hypothesis using the Outer Agr theory (-d) of the syntactic
position of verbal agreement heads
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Table .: Expected values (morpheme order distribution in percentage of languages)
predicted by Outer Agr ()

(a) AgrS in VT languages

ESV T EV ST EV TS

0.201 0.004 0.795

(b) AgrO in VT languages

EOV T EV OT EV TO

0.794 0.201 0.005

(c) AgrS in TV languages

ESTV ETSV ETV S

0.447 0.003 0.550

(d) AgrO in TV languages

EOTV ETOV ETV O

0.071 0.447 0.482

Here, in two of the four cases, the model appears to be a moderately good fit to the
data, viz.n TV languages. In both of the other cases, the model’s predictions diverge
noticeably from the data. e statistics agree, although not enough to warrant rejection
of the model – all four cases return significance, as is shown in Table ..

Table .: Chi-squared test of goodness of fit of the Outer Agr theory

Distribution of AgrS Distribution of AgrO
VT languages (n = 52) χ2 = 184.5, p < . ∗ ∗∗ χ2 = 1828.0, p < . ∗ ∗∗
TV languages (n = 11) χ2 = 7.8, p = .∗ χ2 = 6.7, p = .∗

In sum, of the four models of the hierarchical structure of the verbal domain ex-
amined in this section, none is a good fit for all four of the cases which interest us.
What this section has shown is that four such hypotheses are inadequate to the task
of accounting for the typological distribution of the linear orders of Agr morphemes.
e interesting thing is the amount of additional assumptions that we required in order
even to begin to test these hypotheses: (i) a syntactic structure as input, (ii) a theory of
linearization operations (parameters), and (iii) a theory of typological parameter seing
distributions. While this section has explored the effect of different proposals about the
syntactic input on the goodness of fit of a syntactic model, it has not dealt with dif-
ferent theories of linearization operations or with different theories of the typological





distributions of parameter seings. Rather, I have assumed throughout a DM model
of linearization and the Baker and McCloskey () model of typological parameter
seing distribution.

Could we improve our model’s fit to the Sachverhalt by adjusting these auxiliary
hypotheses? Doubtless we could. But without an a priori reason to do so, our argument
would become circular, and viciously so. In doing this, we would be adjusting a theory
of HLF based on how well it performed as a theory of linguistic variation, when we
have ample reason to believe that the typological Sachverhalt is not related in a simple
manner to HLF (see chapter  for the argument).

.. Summary

In this section, I have shown that none of the hypotheses in the literature adequately
accounts for the paerning of Agrmorpheme. e particular non-randomdistribution of
the linear positions (as shown in section .) of AgrS and AgrO is not explained either by
a post-syntactic Fission hypothesis, or by a syntactic hypothesis which assumes (among
other things) the linearization mechanisms of DM. In the next section, I discuss what
these results mean for the generative-parametric paradigm, a paradigm that aspires to
typological explanation.

. Discussion

Section . showed the inability of two hypotheses from the literature to predict the
aested distribution of the verbal agreement markers AgrS and AgrO. e first type of
model, exemplified by the Fission hypothesis, took AgrS and AgrO to be the result of
the application of Fission of agreement features to other syntactic heads. Under this
hypothesis, AgrS is held to reside as a feature on T0, and AgrO on V0, respectively.
Section .. showed that such a model is a bad fit to the data: it does not correctly
predict the locations of Agr morphemes within the morphological verb.

e second family of hypotheses entertained in section . had in common that all
of its members held Agr morphemes to be the spell-outs of syntactic terminal nodes,
subject to the same linearization restrictions as every other syntactic terminal node.





e two hypotheses examined in section .., although differing in their assumptions
about the hierarchy of verbal projections, both assumed the linearization operations of
DM. Despite the fact that these linearization operations were modeled by an a priori

distribution of parameter seings at % ‘on’, % ‘o’ (the only suggested value found
in the literature; Baker and McCloskey ), entire classes of aested linear orders
were predicted not to exist. is undergeneration cannot be ascribed to the %/%
distribution of parameter seings, because this affects only (given a sufficiently robust
Monte Carlo simulation) the relative proportions of orders that do occur. Tweaking the
distribution of parameter seings will produce only differences in degree, and not the
requisite difference in kind. For this, different parameters are required. erefore, while
the % assumption should be reconsidered, it cannot be the sole source of the problem
for a syntactic analysis.

From this I conclude that, in order to explain the typological facts examined in this
chapter, we need to modify our theory either of the syntax proper, or of the morpho-
logical component (as in DM). What modifications should be made? is is a difficult
question to answer, for two reasons: (i) the dimensionality of the search space is high:
in other words, the ‘universe’ of possible rules is not highly constrained; (ii) the con-
struction of systems of interacting rules has properties reminiscent of a chaotic system,
in which small differences in input yield large differences in output; this makes tinker-
ing difficult. Together, these two problems cast doubt on the possiblility of tailoring the
rule set to fit typological distributions. In fact, the notion of tailoring the theory to fit
the data brings us back to the problem of induction.

Recall that there is, aer all, no way to determine whether the non-occurrence of a
form (or paern, or language, etc.) is truly informative about the nature of HLF itself, or
is otherwise a mere vagary of history. In other words: is a given gap accidental or sys-
tematic? Hence the problem with the argument that a hypothesis makes pathological
typological predictions: how do we know that these predictions are in fact ‘patholo-

One might consider a move towards a lexicalist model of the grammar to deal with this problem.
However, such a model would still require an explicit theory of the proportions of particular instances of
cross-linguistic variation (e.g. parameterization within the generative lexicon) in the same way that a DM
theory would.





gical’? Not all possible human languages currently exist: on what basis can we infer
that a property absent in all languages studied thus far will not be present in the next
language found?

e shi in perspective in this chapter away from the possible/impossible dichotomy
in favour of a probable/improbable polychotomy has not saved us from the problem of
induction. So we are at an impasse: we fled from traditional practices of typological
hypothesis testing to the promise of avoiding just this problem by using a quantitative
approach, only to find the problem waiting for us there too. In fact, the problem of
induction appears to be endemic to typological hypothesis testing of any variety. Merely
interpreting the term ‘impossible’ as ‘very improbable’ has not improved the situation.

Perhaps it is not our methods of testing typological hypotheses that need to change,
but rather our notion of a typological hypothesis. Take, for example, the assumptions
that needed to be made in this chapter about the nature of DM linearization rules: I
treated them to be linguistic (micro)parameters (Kayne ; Baker ) which are set
with equal frequency either to apply or not to apply. is particular assumption was not
necessary, but some other such assumption would have to have replaced it, had it not
been made.

Here is the problem with any such hypothesis: assuming a model with weighted
parameter seings, simply changing the weighting of individual parameter seings in
order to generate the observed distributions also fails to satisfy. is would be, at best,
a formalized description with no explanatory power, due to its circular nature. In order
to explain in the sense of Chomsky (), hypotheses within the generative-parametric
paradigm that aspire to typological explanation need an explicit a priori theory of the
likelihood of different variants. us far, the only claimant has been found wanting.

What I suggest, and what I shall argue in chapter , is that it is the notion of a
good explanation in linguistics which is holding us back from progress in comparative
linguistics. Aer all, the problem of induction is only a problem with an occult causal
system such as HLF. Only when we divorce the empirical domain of linguistic variation
from the theoretical tools of studying HLF (as in the generative-parametric paradigm),
does a logically consistent research programme result, both for the study of HLF (in the





classical generative paradigm) and the study of the typological Sachverhalt (in what I
am calling ideal-typology).

. Conclusion

In this chapter, I have argued that, given the current state of research within the
generative-parametric paradigm, we cannot test our hypotheses typologically without
encountering the logical problem of induction. To illustrate this point, I examined the
typological distribution of the linear orders of verbal agreement markers with the goal
of ascertaining their status in the syntax: are they added within the morphological com-
ponent of the grammar, or are they syntactic heads in their own right?

e results were in one sense conclusive: AgrS and AgrO do exhibit paerns in their
position with respect to V and T. In a greater sense, however, the results were vex-
ing: a hypothesis that aspires to typological explanation must have independent motiv-
ation, otherwise it ascribes to HLF what may very well be properties of other systems
altogether. Newmeyer (a) describes the harm that arises from encoding processing
concerns in a theory of HLF, but I wish to go further than that: the typological Sachver-
halt arises from HLF, yes, but also from processing issues, historical contingency, and
a host of other factors that we may not yet foresee. An adequate theory of linguistic
variation must allow for causal explanation from all these sources.

Of course, this broadens the scope of the research programme immensely: if things
such as historical contingency are permied as explanations in a theory, then it loses
all explanatory power, at least as we currently conceive of explanatory power. In the
classical generative paradigm, as well as the generative-parametric paradigm, we treat
appeals to historical contingency as ad hoc stipulations, and rightly so. No historical
explanation will be explanatorily adequate in the sense that we expect from linguistic
theories.

We are therefore seemingly le in the unenviable position of having to choose among
(a) judging theories of competence by an illusory typological criterion, (b) allowing stip-
ulation the same explanatory value in comparative linguistics as principle, and (c) ceas-
ing altogether to investigate linguistic universals and diversity. I propose an option (d):





revising our notion of explanatory adequacy within comparative linguistics. In partic-
ular, we want a notion of explanation that respects the particular nature of the facts of
linguistic variation, namely that they are unavoidably embedded within historical con-
text. is can be done by detaching the facts of linguistic variation from their mental
substrate; instead of the conventional Cartesian view that (the relevant) linguistic facts
are mental facts that can be considered apart from their incarnation in the world, we
may adopt a kind of neutral monism: a doctrine in which there is but one ‘stu’ in our
ontology, and we are unconcerned with whether it is mental or physical. Compare the
views of James () and Russell ():

e instant field of the present is at all times what I call the ‘pure’ exper-
ience. It is only virtually or potentially either object or subject as yet. For
the time being, it is plain, unqualified actuality, or existence, a simple that.
(James , )

e stuff of which the world of our experience is composed is, in my
belief, neither mind nor maer, but something more primitive than either.
Both mind and maer seem to be composite, and the stuff of which they are
compounded lies in a sense between the two, in a sense above them both,
like a common ancestor. (Russell , –)

is sort of metaphysical speculation is useful only in that it gives us a way to quell
our worries about whether our theories truly describe HLF (a mental object). By col-
lapsing the distinction between mental and material objects, we come to see HLF as a
part of Language, indistinguishable from the rest. In the next chapter, I show the value
of this way of thinking, using an analysis of the typology of Chinese tone system as an
example.

Compare Heidegger’s ( []) Geworfenheit ‘thrown-ness’.
Contemporary proponents of neutral monism include Sayre () and Chalmers ().





Chapter 

Case study: an ideal-typology of Sinitic tone systems

名可名非常名
A name that can be named is not a
constant name.

道德經 Dàodéjīng :

. Introduction

In this chapter I hope to show the ‘cash value’ of ideal-typology – what sort of prac-
tice is open to us upon rejecting both thementalistic and thematerialistic interpretations
of typological kinds. We stop worrying about whether or not a paern is areal, genetic,
cognitive, etc. in origin, and begin to characterize the paerns at different levels of ab-
straction. Once in possession of a model like this, we can then ask questions about how
the ideal-types of our model relate to the natural kinds assumed by other paradigms.
In other words, it is by constructing a model which ignores what the typological kinds
‘really’ are, that we can come to make and test hypotheses about what the types may
‘really’ be.

Recall that ideal-typology is a paradigm for typological inquiry in which the theoret-
ical entities are interpreted as ideal-types (Weber  []) rather than natural kinds.
e difference is this: we evaluate the validity of natural kinds according towhether they
are our inductive inferences involving these kinds are successful. So when we find that
the members of a putative natural kind do not in fact behave relevantly similarly under

e quotation marks around ‘really’ are meant to indicate my mistrust of applying the term ‘real’ to
what will inevitably be only one of several adequate descriptions of a phenomenon.

e failure of these inductions oen occurs in experimental contexts. A typical example in compar-
ative linguistics is this: if we hypothesize that all languages have a noun/verb contrast, and we find later
that the claim is not true, we begin to doubt that the noun/verb contrast is a natural kind. Of course,
other solutions than doubt exist: parameterization of a universal, for example, might allow us to retain a
particular natural kind.





relevantly similar conditions, then we begin to doubt that they form a natural kind at all.
Ideal types, by contrast, are judged not only by how well-adapted they are to the data,
but also by how well they are grasped by the cognitive capacities of the human being.
By the first criterion, overly general solutions are ruled out as uninformative. By the
second, overly specific solutions, such as long lists of facts, are ruled out as unhelpful.

e happy medium is a solution employing a small collection of ideal-types. e level
of generality of the ideal-types is constrained by the need to have no more than a few
of them.

() A précis for the busy linguist

a. Ideal-typology builds models of the diversity of linguistic phenomenawithin
a domain by assembling a small collection of ideal-types.

b. Ideal-types need not exist in the world; their utility is in establishing the
boundaries of variation within the domain of interest

c. Ideal-typology flaens distinctions among the various possible origins of a
linguistic phenomenon; it makes no assertions of cause

d. Ideal-typology generates hypotheses for experimental sciences, but does not
itself test them.

It might be asked: where does one begin when working in ideal-typology? e an-
swer comes in the form of a question: what is being analysed? Remember that there
is no general theory of linguistic variation in ideal-typology. Any typology (in the con-
crete sense; Sachverhalt) is a typology of some phenomenon. Knowing the phenomenon
of interest gives the analyst his or her starting point. ere is always an a priori notion
of what is relevant variation for the purposes of analysis, or else analysis would never
have been considered in the first place.

Consider the case of the Sachverhalt of pitch as a phonological category. We come to
this maer already with ideas about what is at stake: some languages use pitch in a way

Compare Goodman (): “if we are to express all the observed data in our statement of evidence, we
shall have to include such particularized information … that repetition in the future will be impossible.”
()





that we would call a ‘stress system’; others use pitch in a way that we would call a ‘tone
system’. e fact that we recognize an interesting difference between languages with
respect to how they deal with phonetic pitch gives us a starting point. We may then
start creating potential axes of variation, based on what we think is important to the
difference we noticed in the first place – that which motivated us to care enough to do an
analysis. For example, we might classify languages based on the following questions:
(i) ‘Is pitch lexically contrastive (on a word level)?’, (ii) ‘Are pitch levels/contours on
some syllables predictable based on the level/contour of other syllables?’, (iii) ‘Are pitch
levels/contours on some syllables predictable from their position within the word?’, (iv)
‘How many contrastive levels/contours are there?’, (v) ‘Do pitch levels/contours relate
to syllable weight?’, among others.

If we had a sense that historical information were interesting in this phenomenon,
we might well include it. Also, since making distinctions between synchronic paerns
and the synchronic results of diachronic processes is so fraught with indeterminacy,
ideal-typology chooses to ignore the distinction.

Note also that the categories chosen are not final; our understanding of the results
of our inquiry can (and should) alter as our knowledge advances and ours interests con-
sequently change. Each analysis is provisional. e whole process is heuristic, and
the strengths and weaknesses of one particular analysis will feed what we consider in
making the next iteration. I discuss the heuristic nature of ideal-typology further in
section ..

Ideal-typology is not limited to investigating linguistic variation across all languages,
however. ere is room also for microtypology: the methods remain the same regardless
of the size of the data. I shall spend the remainder of this chapter demonstrating such a
small-scale analysis within ideal-typology, namely by examining the Sachverhalt of tone
systems in the Chinese, or Sinitic, family. e model of the tone systems of the Sinitic
family that I construct in this chapter is a typology in the truest sense of the term: the

Hyman (), which analyses tone, stress, and pitch accent along these lines, shares much with
ideal-typology in practice.

Note that axes need not be binary, or even categorical.
My thanks go to Diana Archangeli, who both motivated and refined this example.





description of linguistic ideal-types. e analysis I sele on consists of six dimensions,
whose extremes we may interpret as ideal-types.

It is worth tarrying here briefly to mention an important point: the representation
of the data is a maer of choice, but not a groundless choice. Any representation of the
Sachverhalt of interest may be used in constructing ideal-types, but not every repres-
entation is equally useful. In particular, data of high dimensionality (such as the data of
the Sinitic tone system Sachverhalt studied in this chapter) oen warrant compression,
so that they can be easily understood by our human minds. As I discuss further in sec-
tion ., it is ever more difficult for us to visualize data as the number of dimensions (or
axes) needed to characterize the data grow beyond two. erefore, changing the rep-
resentation of the data by means of dimensionality reduction (a type of compression)
is oen useful. But either representation is usable in principle in ideal-typology: the
maer of representation of the data is part of the content of individual theories within
the paradigm, and not part of the paradigm as a whole.

is chapter is organized as follows: in section ., I review the most important con-
cepts from previous chapters in order to prepare for the analysis itself. Section . intro-
duces the nature of the Sinitic tone system data which forms the focus of this chapter.
In section ., I discuss briefly the potential danger of error in the analysis and how it
is dealt with. e following sections form the bulk of the analysis: first, in section ., I
construct a way of quantifying the degree of similarity between two tone systems. is
measurement forms the basis of much of the subsequent analysis. Next, I introduce in
section . a motivation for the geometric representation of concepts, drawing largely
on the work of Gärdenfors (), and then employ this technique in section . to gen-
erate a two-dimensional ‘map’ of Sinitic tone systems. I then change to a more explanat-
ory strategy for section ., applying the technique of multiple correspondence analysis
(MCA) to compress the entire raw tone system data to only six readily-interpretable
‘axes of variation’ by discovering associations between the presence or absence of cer-
tain tone class mergers. Finally, I show an example of the application of ideal-typology
in section . by comparing some of the hypotheses suggested by the analyses performed
in this chapter against theories generated in other, related disciplines.





. Conceptual review

I contrast ideal-types with the natural kinds I discussed at length in section ..
Briefly, the classification of phenomena into natural kinds is the common type of sci-
entific classification with which all practising natural scientists are familiar. A natural
kind is a set of entities in the world whose properties (which we come to know through
observation) lead us to consider them as ‘the same’ in some way. For example, we
might say that ‘mammals’ are a natural kind because we can distinguish mammals from
other entities based on their natural properties (mammals nurse their young, have sweat
glands, have fur, etc.). In linguistics, natural kinds appear, for example, in the form of
psychologically-grounded features (universal or grounded in universal biases). We care
about natural kinds because it is their existence which is said to support induction. Un-
fortunately, as I have argued in chapter , comparative linguistics is not a type of inquiry
in which we have any reason to believe we are faced with natural kinds; and even if we
were, how would we be able to tell them from the contingencies of history?

An ideal-type, by contrast, is ‘ideal’ in the sense that does not refer to any objects in
the world. Ideal-types allow us to reify qualities which, although never fully witnessed
in the data, we still deem important. e concept of an ideal-type was introduced by
Max Weber as a tool for use in the ‘cultural sciences’:

An ideal type is formed by the one-sided accentuation of one or more
points of view and by the synthesis of a great many diffuse, discrete, more or
less present and occasionally absent concrete individual phenomena, which
are arranged according to those one-sidedly emphasized viewpoints into a
unified analytical construct (Gedankenbild). In its conceptual purity, this
mental construct (Gedankenbild) cannot be found empirically anywhere in
reality. It is a utopia. Historical research faces the task of determining, in
each individual case, the extent to which this ideal-construct approximates
to or diverges from from reality (Weber  [], )

In linguistics in general, we might consider the notions of ‘a word’ and ‘a language’
as examples of ideal-types, and in comparative linguistics more specifically, the ideas





of ‘isolating language’, ‘verb-object language’, and ‘tonal language’ can be understood
as ideal-types. By conceiving of comparative linguistics as the study of linguistic ideal-
types rather than of natural kinds, we acquire a good language to describe the practice
of comparative linguistics and to defend it against falsificationist criticisms such as the
charge that few exceptionless universals have been found, and that nothing more than
tendencies exist.

A strict falsificationist (as discussed in chapter ) would need to abandon typological
inquiry altogether in order to keep his membership card to the positivist guild, because
no crucial experiments are possible in typology. No crucial experiments are possible
in typology given that the causal system ineluctibly includes history. History is merely
‘what has been’ (or, famously, ‘one damned thing aer another’), and cannot contribute
to an understanding of natural laws, except in the trivial way that the present state of
affairs is a possible one. Historical facts, and therefore the facts of linguistic variation,
are shallow: they just are, likeWigenstein’s ( []) Sachverhalte or ‘atomic facts’.
We are able to describe the typological Sachverhalt, but our descriptions will never be
natural laws.

is argument is contingent on the fact that what we are investigating when we
investigate the distribution of linguistic properties in the world is the properties them-
selves, and that the only sensible form of explanation is causal. When we alter our
conception of the domain of comparative linguistics to the organization of our concepts
of these properties, non-causal, pragmatic explanation becomes an option. Nowwe have
moved from comparative linguistics as an experimental science to comparative linguist-
ics as a historical science.

When we can explain without asserting cause, we may dispense with the problem
of induction altogether – what concern is it of ours (as typologists) that we lack access
to the causal system underlying Language? e ‘truth’ of HLF is irrelevant: we seek not
to match what is in our ‘mind’s eye’ with that which is in the world, but rather to unify
and digest what we encounter. Whatever helps us do so is true, and whatever impedes

is characterization of history (in fact, opposition to this characterization) is aributed to Arnold
J. Toynbee; the phrasing is from Hubbard (, ), who predicated it of life rather than of history, and
whose American suffixless ‘damn’ is more in keeping with the sentiment of the saying.





Table .: e generative-parametric paradigm vs ideal-typology

Generative-parametric paradigm Ideal-typology
Type of inquiry experimental science historical science
Explanandum HLF typological Sachverhalt
Explanation causal interpretive
Ontology natural kinds ideal-types

us is false (Rorty ). Truth is true in the sense of a true friend, rather than the sense
of a true copy. In other words, truth is whatever helps the diversity of our experiences
cohere.

Lest readers fear that an unhealthy subjectivism inheres in this coherentist notion of
truth, note that our experiences include not only our fancies and whims, but our lived
experience of existing in the physical world (so we will not likely differ on the existence
of something on which we stubbed our toes) as well as the social world: pressure, im-
plicit and explicit, from those with whom we interact, to adopt the truths of their lived
experiences. Note also that coherentism, though it entails a sort of subjectivism, does
not preclude a realist interpretation of truth. Like Peirce (), we may equate truth
with “e opinion which is fated to be ultimately agreed to by all who investigate” ().
As Singer () characterizes Peirce’s () theory of truth, it is not the ideal goal of
inquiry, but the ideal result.

Although I have wrien a great many words about ideal-typology and its virtues, it
remains to be seen what doing ideal-typology looks like. e purpose of this chapter is
to show the practice born of the theory that the previous chapters have outlined. e
Sachverhalt that forms the basis of this illustration is the micro-typology of tone sys-
tems in the Sinitic, or Chinese, language family. I chose to study the Sachverhalt of a

is paragraph is a brief summation of the coherence theory of truth (e.g. Bradley ; Rorty ;
Putnam ), which I assume throughout this dissertation. It is opposed both to the correspondence
theory of truth (whose proponents are too numerous to mention), which holds that truth obtains when
a statement corresponds to an existing state of the world, and to the deflationary theory of truth, which
holds that there is no property ‘truth’ that may be applied to statements (e.g. Ayer ; ine ).
Tarski’s () theory of truth falls into one of the two preceding categories, although which one is a
maer of debate.





single grammatical category in a single language family in order to highlight that it is
the method of ideal-typology that is of importance, not the content of any particular
proposals about the nature of HLF or a macroscopic theory of areal and genetic influ-
ences.

e fact that this chapter deals with Sinitic tone systems as opposed to any other
set of data is immaterial. e purpose of this apter is to show the method of ideal-

typology concretely, not to advance a particular analysis of tone in the Sinitic Lan-
guages. An example was required, and in the case of Sinitic tone systems, I have been
afforded the chance to show both the general method of ideal-typology, as well as some
more specific ways of implementing the method (e.g. multidimensional scaling (MDS),
principal component analysis (PCA), cluster analysis, etc.). e general method, as I
practise it here, consists of three steps: (i) appropriate representation of the data, (ii)
analysis of the data into ideal-types, and (iii) interpretation of the ideal-types according
to knowledge of conceptually-related domains.

Although the order in which I present the steps here makes a good deal of sense,
there is no strictness in this order; inquiry may begin at any step, and continue in either
direction. Information may flow ‘backwards’ or ‘forwards’ through the steps as expedi-
ent.

is is indeed circular, but the circularity is not vicious: we are not trying to show
anything except what a reasonable (for us, as humans) interpretation of the data might
look like. In all historical sciences, we are entitled to revise our representation of the
data if it should prove an impediment to the formulation of useful ideal-types. We are
entitled to revise our ideal-types if they should prove uninterpretable by the state of the
art in domain knowledge. We are entitled to revise our domain knowledge if it does
not allow us to express the insights given to us by the data, or by our ideal-types. e
particular course we take in any inquiry should be transparent, of course, but it still
depends on the practical wisdom of the practitioner.

e result of this method is a theory – a collection of hypotheses about the Sachver-
Of course, some amount of representation (i) is necessary for analysis (ii), and likewise analysis (ii)

for interpretation (iii), but representation need not be seled or complete before analysis, and even inter-
pretation begin.





halt under investigation. Only when the theory exists, in as rigorous a form as it need
be, can it be tested. Although the testing of ideal-typological hypotheses is not a part
of ideal-typology proper, it is difficult for an inquiring mind to stop at a hypothesis
without subjecting it to test. erefore, although it is outside ideal-typology sensu stricto,
I show in section . an example of how the hypotheses of ideal-typology may be tested
in other domains.

. Background: tone in the Sinitic family

All members of the Sinitic family – i.e. the Chinese languages – have contrastive
tone. is feature was inherited from the common ancestor of all surviving Sinitic vari-
eties, viz. (Early) Middle Chinese, which was spoken from approximately the fih to
thirteenth centuries  in present-day China. We have extensive information about
the tone system of Middle Chinese from documents such as the rime dictionary Qièyùn

切韻 (‘cuing rhymes’;  ), and the rime table Yùnjìng 韻鏡 (‘mirror of rhymes’;
 ). is means that, although the phonetic content of Middle Chinese tones is
obscure, we can trace the mergers and splits of tone classes from Middle Chinese to the
contemporary Sinitic languages. e tone class assigned to each character in a modern
language is therefore directly comparable to that of its cognates (allowing for exceptions
arising from, say, borrowings).

Ideal-typology cannot involve hypothesis testing because it is used in domains of historical science
rather than experimental science; hypotheses can only be tested in a logically defensible way when the
circularity/bias inherent to historical science is not present (see chapters  and )

For a thorough description of the phonological system of Middle Chinese, see any of Pulleyblank
(a;b; ; ).

e Min branch is an exception; it is universally held that the Min branch diverged prior to the
conventional date defining Middle Chinese, although precisely when this occurred is a maer of debate:

e traditional view is that Min split off from mainstream Chinese during the trans-
ition time between the two Han dynasties (early in the first millennium CE) (Ting ,
and [Sagart b]). … On the other hand, as Ting () and Norman (; ) pro-
pose, [Min’s] very archaic features could simply be due to early bifurcation from Medieval
Chinese, before the period reflected in the sixth century rhyming dictionary, the Qièyùn,
which has been used in the reconstruction of the Middle Chinese phonological system. ()

roughout this chapter, I give Chinese terms both in Chinese characters (traditional), and in roman-
ized Standard Chinese in the conventional hànyǔ pīnyīn漢語拼音 system.





ere is, however, a large number of Sinitic languages, and for sociopolitical reasons,
they are oen unrecognized as such – whereas, given the criterion of mutual intelligib-
ility, they would surely qualify as languages. eir status within the Chinese cultural
community is that of āngyán方言 ‘dialects’. As such, they are much more poorly un-
derstood (in the West, at least) than would be expected given the number of people who
speak them. Despite this difficulty, there do exist descriptions of many of the tonal sys-
tems of the Sinitic languages. In this section, I examine twenty-six of these languages,
almost all of which have distinct tonal systems.

e languages themselves are divided into nine branches, of which the Mandarin
branch is by far the most widely distributed in area, extending “from Manchuria in
the north-east of China to Yunnan, Guizhou, and Sichuan provinces in the south-west.”
(Chappell , ) e other branches are to be found (with the exception of Jin, whose
varieties are spoken in Shanxi and Inner Mongolia) in the south and east of China, as
well as on the island of Taiwan. ere is also a branch called Pinghua for which I have
no relevant data; otherwise all ten branches of the Sinitic family (Chappell et al. ) are
represented. A complete listing of the varieties in the data, sorted by branch-affiliation,
is given in table .. e geographic locations of the varieties are shown in fig. ..

e systems themselves have anywhere from three to ten contrastive tone classes
(Chen , ). It is customary in Sinitic studies to include within the term tone certain
other features that co-occur with particular levels or contours in pitch (the tone itsel):
the presence or absence of a final stop, distinctions in vowel length, and distinctions in
phonation. It is therefore most precise to speak of tone classes rather than tones, but I
shall bow to tradition and convenience and use the two terms interchangeably. Indeed,

Given the literal meaning of the morphemes in the word āngyán 方言 ‘region speech’, however,
‘topolect’ might be a beer translation. See Mair () for discussion. In this chapter, I shall henceforth
call them ‘varieties’.

In this chapter, I use the word ‘Mandarin’ not to refer to Standard Chinese (CH: pǔtōnghuà 普通
話, TW: guóyǔ 國語), but to the branch of languages (guānhuà 官話 ‘bureaucrat speech’) from which
Standard Chinese sprang.

My use of ‘China’ and ‘Taiwan’ in this chapter should be taken as referring to geographical regions
rather than political entities.

Each variety in the dataset is described in terms of the speech of a particular loc-
ality, which makes geocoding convenient. Coordinates were obtained from GeoHack
(https://wiki.toolserver.org/view/GeoHack).





Table .: Branches of the Sinitic family and their representation in the data

English name Chinese name Varieties in sample Source
Romanized Hanzi

Gan gànyǔ 贛語 Líchuān黎川 Norman ()
Nánchānga 南昌 Wang ( []) via Norman ()
Nánchéng南城 Sagart and Halle ()

Hakka kèjiāhuà 客家話 Hépíng和平 Norman ()
Méixiànb梅縣 Wang ( []) via Norman ()

Jin jìnyǔ 晉語 Xiàoyì孝義 Sagart (a;b)
Mandarin guānhuà 官話 Bĕijīngc北京 Sagart (a); Norman ()

Chéngdū成都 Norman ()
Dàlián大連 Norman ()
Jĭnán濟南 Norman ()
Lánzhōu蘭州 Norman ()
Nánjīng南京 Norman ()
Xī’ān西安 Norman ()
Yángzhōu揚州 Wang ( []) via Norman ()

Min mǐnyǔ 閩語 Cháozhōud 潮州 Norman ()
Fúzhōu福州 Norman (; )
ánzhōu泉州 Chen ()
Shàowŭ邵武 Norman ()
Xiàméne廈門 Norman (; )

Pinghua pínghuà 平話 none
Tu tǔhuà 土話 Jiāngyŏng江永 Huang () via Norman ()
Wu wúyǔ 吳語 Shànghăi上海 Zee ()

Sūzhōu蘇州 Wang ( []) via Norman ()
Wēnzhōu溫州 Sagart (a), Wang ( []) via Norman ()

Xiang xiāngyǔ 湘語 Chángshā長沙 Wang ( []) via Norman ()
Shuāngēng雙峰 Wang ( []) via Norman ()

Yue yuèyǔ 粵語 Guăngzhōuf 廣州 Wang ( []) via Norman ()

aNánchāng南昌 Gan is not to be confused with Nánchéng南城 Gan.
bMéixiàn is also known as Moiyen.
cBĕijīng Mandarin is the basis of Standard Chinese.
dCháozhōu Min is also known as Teochew.
eXiàmén is also known as Amoy.
fGuăngzhōu Yue is the basis of Standard Cantonese.





Figure .: Geographic distribution of the languages in the data, by branch
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the pitch values of the tones themselves are of less interest to me here than is their status
as members of a system of contrastive phonological units. For this reason, I shall eschew
discussing the phonetic content of the tones in order to concentrate on the distinctions
between tone classes.

e tones themselves are customarily referred to by the name of their antecedents in
the Middle Chinese tone system, with some additions and subtractions to accommodate
the mergers and splits that occurred in the Late Middle Chinese period. e four tone
classes of Early Middle Chinese are given the names píng 平 ‘level’ (Tone I), shăng 上
‘rising’ (Tone II), qù 去 ‘departing’ (Tone III), and rù 入 ‘entering’ (Tone IV). Each
of these tones further subdivided in all daughter languages (in some cases, this split

Pulleyblank () defines Late Middle Chinese as a “standard based on the speech of the Sui-Tang
[ – ] capital, Chang’an.” (). Where expedient, I contrast Late Middle Chinese with Early
Middle Chinese, “the elite standard common to educated speakers from both north and south in the period
of division [ – ] that came to an end with the Sui reconquest of the south” (Pulleyblank ,
).





is obscured by later mergers) into yīn陰 (’light’, i.e. voiceless) and yáng 陽 (’dark’, i.e.
voiced) variants, occasioned by the reconstructed voicing of the initial consonant (Sagart
a; Chen ). Inmost Sinitic languages, the voicing contrast in obstruents was later
lost, yielding a maximum of eight contrastive tone classes. I mark this split by adding
a lowercase leer ‘a’ or ‘b’ aer the Roman numeral tone number, ‘a’ for the historically
voiceless yīn initials, and ‘b’ for the historically voiced yáng initials.

We know the tone classes of characters (which are equivalent to morphemes) in
Middle Chinese due to the rime dictionaries previously mentioned (the four Middle
Chinese tone classes are explicitly differentiated in both the Yùnjìng and Qièyùn dic-
tionaries). e categories themselves, where they have not completely merged, are rel-
atively stable (Ting ) – in other words, knowledge of a character’s Middle Chinese
tone class, along with the correspondences in table ., is typically enough to determine
the tone class of that character in any daughter language. erefore, it is possible to
compare the tone systems of the daughter languages directly, in order to build a typo-
logy of the synchronic results of the diachronic diversification of Chinese tone systems.

To complicate maers, however, the Late Middle Chinese system, consisting of eight
tone classes, was reorganized in many daughter varieties according to other properties
of the tone-bearing syllable. First, the voiced yáng (‘b’) tones split in many varieties
according to whether the syllable onset was a sonorant or an obstruent. Second, Tone
IIIa (recall ‘a’ = yīn initial = historically voiceless onset) was in many varieties realized
differently depending onwhether or not the syllable onsetwas aspirated. ird, Tone IVa
split (in the Yue branch) into two separate tones, according to the length of the syllable
nucleus. In this model, I treat all of these conditioning environments as potentially-
separate tone classes.

In table ., I give a chart listing the reflexes of the Middle Chinese tones in twenty-
six Sinitic varieties. I number the tone classes in the daughter languages according to
a standard convention, given in table .. e table is to be understood as establishing
the correspondence between Middle Chinese and an idealized daughter tonal system in

is number was augmented in the Yue branch by a split in Tone IV conditioned by vowel length
(Norman , ).





which no splits or mergers have taken place aer the early yīn/yáng voicing split.

In the case of deviations from this ideal, I have followed the source material in choos-
ing the tone number to assign to the resultant tones. e convention used throughout
is that, when referring to a Middle Chinese tone, I use Roman numerals; and when re-
ferring to a daughter-language reflex, I use Arabic numerals.

Note that the tone numbers are not phonetically comparable among the daughter
languages; what is important are the paerns of contrast. at is, in what way have the
Middle Chinese tone classes fallen together or split apart in the daughter languages?

is large collection of splits and mergers, along with the resultant tonal paradigms,
form the empirical base of this case study. e limitations of our cognitive capacity do
not allow us to understand such great diversity as this in ‘one fell swoop’, so we benefit
here from the use of theory. e goal of theory is to impose some sort of (ever-tentative)
order on what might very well seem to be chaos (the collection of numbers in table .).
We shall proceed from individuals to kinds – more specifically, to ideal-types – and a
notion of kind (as we learn from ine ) depends on a notion of similarity.

Ting () cites the literary pronunciation of characters in Dānyáng丹陽 as such a system.
Recall that ideal-typology does not distinguish between synchronic and diachronic facts: either class

of facts is admissible as a way of measuring entities in ideal-typology. ere is no area of study ‘typo-
logy’ that is fully distinct from ‘historical change’ (see Blevins ; Bybee ). ere is, however, a
typological aim – characterization of the Sachverhalt – that is distinct from the historical-linguistic aim
– demonstration and characterization of historical relationships among languages.

Table .: Tone numbering conventions for modern Chinese languages (Norman ,
)

Middle Chinese Tone I Tone II Tone III Tone IV
yīn ‘a’    
yáng ‘b’    
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. On error

Before proceeding, I would briefly discuss the question of the reliability of the data
and how this chapter’s analysis is affected by the same. First, the data could be un-
reliable in that error could have crept in at any time: speech error on the part of the
native speakers who first gave their time in providing the data, error in perception or
transcription on the part of whoever recorded the data, error in interpretation on the
part of whoever compiled the data, error on my part in copying the data into machine-
readable format, etc. is is something with which any typological analysis – in fact,
any analysis of any variety – must contend. If, however, the error is independent and
identically distributed (i.e. can be characterized by the same, usually normal, distribu-
tion), we approach a state where error grows ever smaller as we consider more data.
e intuition is: any one datum may be erroneous, but the mass of data are unlikely to
be so. It is therefore standard to treat all data as containing a certain, low-level amount
of ‘noise’. I discuss how this is accomplished by the two exploratory techniques I use
(multidimensional scaling (MDS) and multiple correspondence analysis (MCA)) in the
relevant sections.

Second, the model could be constrained in undesirable ways by assumptions made
in the source of the data. e controversy over how many tones a given variety has
is an example. ese debates oen centre on the status of historical Tone IV, which is
reconstructed as a syllable-final stop inMiddle Chinese. e usual practice of Sinologists
is to treat Tone IV as tone class distinct from the other three, rather than positing a
neutralization of tone classes in the environment of coda stops. Sagart (a) explains
this view:

Why, then, does the Chinese tradition refer to ‘four tones’? [T]his
is undoubtedly because of the very precise one-to-one correspondence ex-
isting in Early Middle Chinese between the inventories of rhymes ending
in oral stops and in nasal consonants: am/ap, an/at, ang/ak, im/ip, in/it,
ing/ik, etc.: since every rhyme ending in an oral stop has a nasal-ending
counterpart (though the reverse is not true), it is possible to interpret stop-





ending syllables as underlying nasal-ending syllables, whose endings have
been changed to stops in the context of the Entering tone. at interpreta-
tion, which suppresses stop endings from the phonological inventory at the
cost of an additional tone, is in essence the traditional Chinese account. ()

is is the source of the distinction in varieties, such as Guăngzhōu Yue, which con-
trast ‘live’ syllables, on which six tone contours may occur, and ‘dead’ syllables, on
which three other tone contours may occur (Bauer and Benedict , –). e
broader notion of tone class which I use in this chapter treats ‘live’ and ‘dead’ syllables
as equals, which gives Guăngzhōu Yue an inventory of nine tone classes.

It is a maer of current debate whether the six-tone contrast in ‘live’ syllables in
Xiānggăng Yue (i.e. Hong Kong Cantonese, a close relative of the Guăngzhōu variety
studied in this chapter) is undergoing a reduction via merger.

I adopt the traditional account because (a) some varieties, such as Nánjīng Mandarin,
lack final stops but still contrast the reflex of historical Tone IV with the reflexes of
other historical tone classes; and (b) on the alternative analysis, it would be impossible
to determine which ‘underlying’ tone were present in instances of Tone IV.

In fact the notion of an ‘underlying’ tone loses meaning in ideal-typology, given its
commitment to neutrality between mental and material kinds. A neutralization analysis
is a sensible analysis of the putative mental representations of speakers, but the mental
representations of speakers are not at issue in ideal-typology, for the reasons laid out in
chapters  and . I shall repeat the primary one here: induction over the structures of ob-

served languages does not yield reliable information about HLF because observed languages

are not a natural kind. What is at issue is developing a notion of similarity among lan-
Some Guăngzhōu speakers have an additional contrast between a ‘high level’ and a ‘high falling’ tone,

which brings the total number of ‘live’ syllable tones to seven. ese two tone classes both descend from
LateMiddle Chinese Tone Ia; the split is conditioned bymorphosyntactic features rather than phonological
features (Hashimoto , –), so I ignore it here.

Bauer et al. (; ) present experimental evidence that the low-rising and mid-rising tones (
and  in table .) are merged for some speakers. Fung and Wong () replicated the result. Mok and
Wong (a;b) showed that, in perception and production, the mergers they found (of  with , and of
 with , in terms of table .) are still incomplete on both individual and social levels. Mok et al. ()
found these mergers, as well as a third incipient merger of the low-falling and low-level tones ( and , in
table .). My thanks go to Suki Yiu for her generous help in clarifying these maers for me.





guages that allows us to generate ideal-types, which are the analogue of natural kinds
in a historical science such as comparative linguistics.

If there are more practical concerns about the data, they should be allayed by show-
ing that the model is robust enough to withstand some bias in its data. To this end, I
have performed a sample sensitivity analysis on the multiple correspondence analysis
(MCA) model, rerunning the model on datasets with one variety at a time removed (the
so-called ‘jackknife’ technique; Tukey b). e rank distances between varieties are
correlated almost fully with the complete model (ρ > 0.99, p < 0.001***) in every case.
is shows that no one variety is so influential on the analysis that removing it changes
the analysis to any appreciable extent. e results of the full sensitivity analysis are
available in table B..

Finally one might conclude from this live debate about the number of tones in one of
the best-studied of Sinitic varieties that the straightforwardness of the description of the
other tone systems masks similar complexity – complexity that would be apparent if we
were to study these other varieties as much as we have Xiānggăng Yue. My response is
this: insofar as this chapter is a study of Chinese tone systems, we would do well to re-
cognize the fallibility of its analyses. But this chapter is not primarily a study of Chinese
tone systems: it is a practical demonstration of how one might do ideal-typology. I ad-
mit the possibility that some of the data that this analysis is based on is erroneous, but
maintain the essential separateness of that possibility from the purpose of the chapter.
With that said, let us move on to the analysis itself.

. Similarity and difference

e task now is to construct a notion of similarity and difference among the Sinitic
tone systems. is should be a single metric that captures well the intuitive notion of
difference that leads us to say, for example, that the Bĕijīng tone system is very different
from that of Guăngzhōu. To this end, we need first to create a method of representation

For example, no decision made by Norman () in his analysis of Wang’s ( []) Guăngzhōu
Yue forms is so crucial to the model that ignoring it altogether changes the Jaccard distances among the
remaining varieties only minutely (Spearman’s rank correlation: ρ = 0.9983 < 0.001***).





for tone systems – one which will allow for computations to be done between systems.
Comparison requires the specification of certain properties by which the compar-

ison is to be made. X is never merely like Y, but only like Y with respect to a property

P. e selection of these properties is arbitrary insofar as it depends on the interests of
the investigator and of the larger tradition within which the inquiry is conducted, and
not solely on natural kinds. In the present investigation, I have chosen to define sim-
ilarity and difference in terms of distinction (or the lack thereo) between traditional
tone classes. One might instead have chosen properties such as ‘has a level tone’, or
‘has tone sandhi’, to give two reasonable examples. Nevertheless, this choice results
in a very high number of ways in which languages may differ: there are fourteen tone
classes (including differential treatment of tone aer features such as [±] or
[± ]), and any of these classes may have, in principle, merged with any
other. ere are therefore 14 + 13 + · · · + 1 = 105 ways in which tone systems may
differ (or not).

Let us take as our base the representation in table .. Already we can see that a
certain type of encoding has been performed: the ‘raw sense data’ have been removed,
leaving only numerals. For each language (y-axis), these numerals correspond to the
actual contrast classes that are manifested in potential contrast classes (x-axis). So, for
example, Tone Ia and Tone Ib (in its variants aer [+] and []) represent three
potential contrast classes. e Xiàoyì speech variety has merged all three, and therefore
the same numeral appears in each of the three cells at the intersection of the Xiàoyì row
and the Tone Ia and Tone Ib ([+]), and Tone Ib ([]) columns: 1. e identity of
this numeral is not at issue – although I have followed the literature in my assignment
of these numerals – what is at issue is whether, between columns, the same paerns of

It bears mentioning here that the choice of measurement will depend on the domain of investigation
and the interests of the analyst. If we were to examine tone systems worldwide, we would take a very
different approach: instead of referring to reflexes of historical categories, we might refer to (i) how many
tone classes are present in the language, (ii) whether or not downstep phenomena occur, (iii) whether
or not tone classes manifest themselves exclusively as pitch levels as opposed to contours, and other
phenomena relevant to tone systems worldwide.

Of course, in practice, not all mergers are equally plausible. To model this, however, we must allow
in our representation of the Sachverhalt any possible merger, so that we may differentiate between what
is typical and what is not.





contrast hold. In other words, does tone syncretism occur? If so, where?
We may represent the answers to these questions using a binary, symmetric matrix.

A matrix M is a rectangular array of numbers of size m × n, where m denotes the
number of rows, and n the number of columns. We shall use a square matrix, in which
m = n. Each row will represent a particular potentially contrastive tonal class, as will
each column. ematrix is binary: a binarymatrix is amatrixM in which every element
Mi,j is occupied either by the value 0 or 1. e matrix is also symmetrical, which means
that Mi,j = Mj,i.

For our purposes, Mi,j = 1 denotes that the historical tonal classes represented by
row i and column j are not distinct in the variety which the matrixM represents. Simil-
arly, Mi,j = 0 indicates that the historical tonal classes i and j are distinct in the variety
represented by M.

Indeed this particular method of measuring similarity and difference with a proto-
language (or even a hypothetical language which makes all possible contrasts within
the systems) could be used for any typological analysis of a paradigmatic system: Bantu
noun classes, Slavic cases, English dialectal vowel systems, etc. I would only state that
this method is but one option within ideal-typology as a whole, which is itself merely a
collection of assumptions about what types of inferences we may make from the objects
we posit in typological theories).

Returning to the maer of Sinitic tone, there is one case in these data where the
characters belonging to one tone class in Late Middle Chinese are distributed seemingly
at random into different classes in the daughter tone system. I have chosen to represent
seemingly-unconditioned splits as entries of 0 at row i and column j = i – i.e. the
main diagonal of the matrix: the entry in row 3 and column 3, row 4 and column 4, etc.
In other words, the tonal class is contrastive with itself. Otherwise, the main diagonal
is equal to 1.

An example may prove instructive. In table ., I give a reader-friendly version (with
rows and columns labeled) of the matrix representation of the tonal contrasts of the

e most notable such split is the dispersion of Middle Chinese Tone IIIa in the Bĕijīng variety into
tones , , , and  (Tone  is referred to as ‘tone ’ in the literature on modern standard Chinese, which
is based on Bĕijīng Mandarin), at least partially due to dialect mixing (Sagart a, ).





Bĕijīng variety. It is to be read as follows: the rows and columns both represent the
potentially-contrasting tone classes in the Sachverhalt. Consult the intersection of a row
representing one tone class and the column representing another to see the relationship
between the two classes in the Bĕijīng variety: 1 indicates that the two potentially-
differentiated classes share a tone value in Bĕijīng (they have merged, or were originally
one class); 0 indicates that the two classes do not share a tone value in Bĕijīng (they have
split, or were originally separate).

emain diagonal is in boldface: all of its values are equal to 1, except in the columns
marked Tone IIIb , where it has 0 values. As mentioned in the paragraph above, a zero
value in the main diagonal indicates an unconditioned split – see footnote  for details.
Otherwise, the data in table . should be straightforward to match up to the Bĕijīng row
of table .. We see, for example, the complete merger of all possible contrast classes in
Tone III with the voiced obstruents of Tone IIb, represented by the pertinent columns’
sharing the numeral  in table ., as a square of 1’s in the centre of the matrix.

e virtue of representing Sinitic tone systems as matrices is that it is easy to define
operations over matrices. To capture the intuitive notion that two systems with similar
aspects are themselves similar, I propose to use the Jaccard index (Jaccard ; ).
Like our representation of tone mergers in table ., the Jaccard index uses binary at-
tributes to measure the aspects of a system. In table ., I used a 0 (or a 1) to represent
a distinction between tone classes (or lack thereof in a single variety. In the case of the
Jaccard index, we are comparing two varieties, so a 0 or a 1means something different in
this context. Specifically, a 0 represents that, of the two varieties, one has a distinction
between two given tone classes, and the other lacks it. By contrast, a 1 represents that
the two varieties either both have a distinction between two given tone classes or both
lack it. We might think of the relationship between the binary coding of a single tone
system and the binary coding of the Jaccard index like so:

An algorithm for finding the Jaccard index for a pair of varieties is given in ().

() Jaccard index

a. Let A and B be sets of binary aributes.
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Table .: Comparing two varieties’ treatment of two tone classes

Variety A Variety B Jaccard coding
 (no distinction)  (no distinction)  (similar)
 (no distinction)  (distinction)  (different)
 (distinction)  (no distinction)  (different)
 (distinction)  (distinction)  (similar)

b. Let S11 represent the number of aributes whereA andB are both valued 1.
c. Let S00 represent the number of aributes whereA andB are both valued 0.
d. Let S10 represent the number of aributes where A is valued 1 and B is

valued 0.
e. Let S01 represent the number of aributes where A is valued 0 and B is

valued 1.
f. e Jaccard index is defined as the total number of aributes whose values

A andB have in common (or lack in common) S11+S00, divided by the total
number of aributes S11 + S00 + S10 + S01.

More formally, we may define the Jaccard index like so:

() Jaccard index
J(A,B) =

|A
∩

B|
|A

∪
B|

is, then, is our measure of similarity: the Jaccard index is always a value between
 and . e higher the Jaccard index for a pair of tonal systems, the more similar they
are – at least if the measure is working correctly.

Conversely, our measure of difference will be Jaccard distance, defined simply as
the complement of the Jaccard index:

() Jaccard distance

Jδ(A,B) = 1− J(A,B)

For Jaccard distance, higher numbers indicate greater difference between varieties.





Now thatwe have definedmeasures of similarity and difference, wemay calculate the
degree of difference between any two Sinitic tonal systems. e results of this calculation
are given in table ..

e distance matrix in table . is an aempt to represent these differences in a
waymore conducive to understanding than simply to list them. ere are too many tone
systems being compared for a strategy of listing to work to our satisfaction: table .
cannot be the end of our investigation any more than a list of distances between cities
on a newly-discovered continent can be the end of the explorer’s work. For a computer
with enough power, the brute facts would suffice; any interpretation could be done as
needed. For a human, with a human’s cognitive faculties, inquiry does not end with
brute facts: we demand more from theory.

We use distance rather than similarity here in order to perform MDS more easily (see section .).
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. e geometry of thought

Continuing the metaphor of the exploration of a new continent, what we want most
of all is a map. Beer than one map is several, each showing different dimensions of
interest. It is much harder to confuse the map with the territory when we have an
atlas full of different maps of the same territory: we might have a map (by latitude and
longitude) of the sites we have discovered, wemight on the next page draw amap calling
aention to other properties of each site. Cities, for example, might be drawn in different
sizes corresponding to how many inhabitants each has, or by the size of the economy of
each. We might even choose to distort the sizes and shapes of landmasses to represent
something other than their area. All of these representations of the new continent
enrich our knowledge of it, but none exhausts that knowledge.

Ideal-typology is to Language as geography is to the world. e techniques of ideal-
typology are not tools which allow us to ‘learn the causes of things’, and learn why
Language is the way it is. As with any why-question, this one admits several responses
(Bromberger ), depending on just what aspects of Language we consider interesting.
Ideal-typology is a way to characterize, and yes, formalize what we consider interesting
about the typological Sachverhalt.

Our tools are means for characterizing what exactly these things of Language are –
and there will be many answers to this question. Once we can answer ‘What does the
typological Sachverhalt – as we consider it interesting – consist o?’, then perhaps it is
appropriate to investigate questions of cause.

Why the spatial metaphor? It is because spatial reasoning is a core mode of human
thought, especially when we consider the relationships between neither wholly-similar

Such maps are oen called cartograms.
Cf. Virgil’s Felix, qui potuit rerum cognoscere causas ‘Happy is he who has managed to learn the causes

of things.’ (Georgica II, v..)
We may include in this macroscopic divisions such as the familiar classifications: isolating vs flex-

ional vs agglutinative languages, open- vs closed-syllable languages, head-final vs head-initial languages,
etc. We may also include more microscopic divisions such as language-family or linguistic area-internal
classifications: within the Romance family, which form plurals aer the Latin accusative (i.e. in /-s/), and
which aer the Latin nominative (i.e. in /-e/ or /-i/); within the Indo-Aryan family, what has been the fate
of the ‘voiced aspirate’ consonants such as /bʱ/: do they remain, are they merged in favour of plain voiced
stops, or do they merge with the plain voiced stops and occasion a tonal change on the following vowel?





nor wholly-different experiences. In fact, the notion of similarity is difficult not to cast
in spatial terms. us Gärdenfors (): “ere is a tight connection between distances
in a conceptual space and similarity judgments: the smaller the distances … between
the representations of two objects, the more similar they are.” () And vice versa.

Recall from section . that ideal-typology is explicitly both cognitive and pragmatic:
cognitive in that it holds theories to be good insofar as they bring coherence to the world
of experience, and pragmatic in that theories should work in ways consonant with the
structuring of the human mind. I therefore wish to exploit this spatial predilection of
ours in theory construction.

To this end, I shall spend a large portion of this chapter in the making of maps, or
more broadly speaking, in the ploing of individuals (most oen the tone systems of
the varieties in question) on many dimensions. ese dimensions are not arbitrary, but
rather come from the structure of the data themselves: they are the axes of variation on
which the data exist. e character of these dimensions is the content of the theory. is
conceptual space of variation is notionally identical to that described in biology as the
morphospace (see formal definition in glossary).

e techniques I use for generating these dimensions come from the tradition in
statistics of exploratory data analysis (Tukey ) (see section ..), where the role
of analysis is not to confirm hypotheses, but rather to suggest them. I use two such
techniques in this chapter: first, I use classical multidimensional scaling (MDS) to al-
low us to compare the similarity-based analysis of section . to other ways we classify
varieties, such as by phylogenetic relationship or by geographic proximity. In par-
ticular, I show that tone system similarity is to a certain extent related both to branch
membership and to geographical proximity. e relationship, however, is not total:

Not all ideal-typology need cast its results in spatial terms, but it is one fruitful way of working.
Classical multidimensional scaling is also called principal coordinate analysis; to avoid confusion

with the widely-used acronym for term principal component analysis (PCA), which I also mention in this
chapter, I shall refer to the former technique as MDS throughout.

Of course, these are inherently related. See discussion in section ...
Of course, some correspondence is expected: grouping of varieties into clusters has taken into account

differences in the character of a varieties’ tonal systems, as well as other phonological, lexical, morpho-
logical, and syntactic differences. (see, for example, Norman ; ; Bauer and Mahews ; Ho
; Kurpaska )





while the two most major divisions of varieties into clusters reflects geographical and
genetic closeness; there appear to be other, Language-internal sources of similarity that
cut across geography or genetic relatedness.

To pursue the question of what this Language-internal similarity is, I employ the
second technique, multiple correspondence analysis (MCA), which allows us to under-
stand the relationship between tone mergers and splits and overall tone similarity. MCA
reduces high-dimensional categorical data, such as the collection of tone splits and
mergers present in each variety (exemplified by table . for Bĕijīng) into a smaller set
of synthetic dimensions, each of which characterizes a major portion of the overall vari-
ation in the data. Most importantly for our purposes, MCA (like the related, and more
famous, principal component analysis (PCA) used with continuous variables) is explicit
about how the original variables in the data relate to the synthetic dimensions that MCA
produces. is allows us to interpret the results of MCA readily, and will provide us with
a characterization of the (narrow-)linguistic characteristics which define the dimensions
of the morphospace: for our purposes, we find that the 105-dimensional input data are
well-characterized by only six real-valued dimensions, five of which appear to encode
linguistically-interesting properties.

. A map of Sinitic tone systems

Multidimensional scaling (MDS) is a technique for reducing the dimensionality of a
dataset for the purposes of visualization. Given a distancematrix such as that in table .,
MDS yields a low-dimensional representation of similarity (oen, and in this case, in two
dimensions) which is as faithful as possible to the original. e main benefit of MDS is
its ease of visualization: two- and three-dimensional spaces are readily presented on
paper, and it is easy for us to pick out, at a glance, groups of similar items (which are
close together) and groups which are dissimilar (which are diffuse).

I applied MDS to the data in table ., which consisted of the Jaccard indices of pairs
of tonal systems. e results are ploed on two dimensions in fig. .. It may be easier

High-dimensional categorical data are data specified for many categorical variables.
ere are 14 potential tone classes: 14 + 13 + 12 · · ·+ 1 = 105





to see the paerns of clustering in the label-less plot.
Together, these two dimensions capture roughly seventy per cent of the variation in

the original distance matrix. One might ask: what becomes of the thirty per cent that
these two dimensions do not capture? e answer relates to the maer of noise in the
data introduced in section .. Recall that we assume that, while the value of any meas-
urement may be affected by error, these errors (if not the result of bias in measurement)
will be approximable by a normally-distributed random variable, if the sample size is
large enough. In total, then, the data can be described by a model, which purports to
describe the structure of the system under investigation, and a random variable, which
describes the noise. e practical maer with which are concerned is that our model

describe as lile noise as possible. Such a model is called robust. Robust models will
never explain all of the data, and this is held to be a virtue.

How do we decide what is structure in the data and what is noise? ere is no iron-
clad method, but there are heuristics. Ultimately, it is in the hands of the community of
practice to determine what is reasonable. For the MDS model in fig. ., I have preferred
a two-dimensional solution (explaining 70% of the variance) because of the difficulties
inherent in visualizing higher-dimensional spaces.

For now, let us not concern ourselves with what the dimensions represent. Instead,
let us concentrate on the structure of the distribution of tone systems in fig. .. e
points (representing the tone systems of varieties) are not uniformly distributed across
the similarity space. In particular, we see (i) a large cluster of varieties in the lower right
corner, (ii) a small cluster in the lower le corner, and (iii) a few varieties distributed
sparsely over the top half of the chart. Another striking fact about fig. . is the position
of the Mandarin varieties. All seven Mandarin varieties in the dataset, as well as the
sole Jin variety, are clustered on the le of the scaer plot, indicating low values for
Coordinate . e other branches are interspersed amongst each other on the right side

Models which incorporate noise are called overfitted in the machine learning literature.
See fig. . for an example of a heuristic approach to avoiding overfiing in MCA.
See section . for more discussion on the maer of avoiding overfiing.
e status of Jin as a branch separate from Mandarin is controversial (Tang , ), and the position

of the Jin variety Xiàoyì in this analysis gives no reason that the controversy should end.





Figure .: Distance among Sinitic tone systems in two dimensions
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of the graph.

We can pursue the intuition that the broad overall distance metric (Jaccard index)
of table . parallels the traditional division of varieties into phylogenetic branches, by
employing a technique which classifies individuals in the data in terms of similarity-
based clusters. ese discrete clusters will then be directly comparable with the discrete
phylogenetic structure of traditional analysis.

.. Examining areal and genetic relationships through cluster analysis

Cluster analysis is a technique used to sort individuals into groups called ‘clusters’.
e criterion used to define a cluster is that individuals within a cluster should be more
similar to each other than they are to individuals in other clusters. In this way, the
clusters reveal something about the structure of the data.

ere are a variety of algorithms which perform this task. e one I use here is the
Hartigan-Wong k-means clustering algorithm (Hartigan and Wong ). e k-means
algorithm returns a fixed number (k, whence the name) of points, which are taken to
be the centroids of clusters in the space of the data: each individual is assigned to the
cluster whose centroid is nearest.

Hartigan and Wong’s () begins with a random set of some number (k) of points
(drawn from the data) and sorts the remaining points into clusters, based on whichever
cluster-defining point is nearest. e next iteration of the algorithm does the same
thing, although it replaces the previous cluster-defining points with the centroids of
the clusters defined by the previous run. is continues until convergence is reached.

Let us take the simple case where we fix the number of clusters at two (k = 2)
to begin. In this case, the two clusters produced by the k-means algorithm divide the
varieties almost exactly along the x-axis, as is shown in fig. ..

Recall also from fig. . that this is also the axis which divided Mandarin/Jin varieties
Coordinate  parallels the distinction betweenMandarin and all other varieties, but why? MDS cannot

give us the means for anything more than speculation, but we shall see in section . that the analogous
Dimension  of MCA encodes the loss of a distinct Tone IV.

As can be seen from the description of the algorithm, k-means clustering is non-deterministic. For
that reason, I run the algorithm 100 times and choose the result that minimizes the sum of squares (rep-
resenting distance) of individuals to the centroid of their assigned cluster.





Figure .: Tonal systems: k-means clusters (k = 2) with convex hulls superimposed
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from all others. I have included the convex hulls of the points of each cluster in fig. .
to show informally that the two clusters cover different areas in the two-dimensional
space of Coordinate  vs Coordinate . A convex hull of a set of points is, to give an
informal definition, the shape which an elastic band would take if stretched around the
points in question. In fig. ., the hulls are drawn around the two groups of points that
the clustering analysis yielded. e intuition that the use of convex hulls expresses is
that, if another individual were to exist between individuals in a cluster, that individual
would be assigned to the same cluster as its neighbours.

e positions of the convex hulls in fig. . show that the most divergent group of
varieties (Ho ; Norman ; Yue ) is the Mandarin/Jin branch as opposed to
all others) is recoverable from tonal system data alone. In addition, the arrangement of
the hulls also shows that there is lile distinction between the two clusters in terms of
Coordinate ; the two are distinguished virtually entirely by Coordinate .

In principle, when we increase the number of clusters (k) we wish the algorithm
to provide, we are able to see further structure in the data, if it exists. However, the
gains in understanding we achieve as k increases are offset by the loss of compression
inherent in adding more clusters to the analysis. Consider the extremes of k = 1 (one
cluster containing every individual) and k = n (one cluster for each individual): the





former analysis has maximal generality, but minimal empirical sensitivity; the laer has
minimal generality, but maximal sensitivity. Both are useless.

ere is a variety of methods in the literature for choosing an appropriate value for
k (the number of clusters to prespecify). eir common goal is to find a value which
allows for a relatively complete description of the structure of the data which at the
same time is not onerous to deal with for the audience of the analysis. A common ‘rule
of thumb’ (k ≈

√
n/2; Mardia et al. , ) suggests that k should be either 3 or 4.

Results for both k = 3 and k = 4 are given in fig. . and fig. .. Let us examine each
briefly.

Figure .: Tonal systems: k-means clusters (k = 3) with convex hulls superimposed
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e clustering discovered by the algorithm at k = 3 (fig. .) retains the right-hand
(non-Mandarin/Jin) cluster of the k = 2 solution (fig. .), and divides the Mandarin/Jin
cluster into two clusters: one consisting of the Mandarin varieties Bĕijīng, Dàlián, Jĭnán,
and Lánzhōu; and the other consisting of the Mandarin varieties Chéngdū, Xī’ān, Nán-
jīng, and Yángzhōu, as well as the Jin variety Xiàoyì. is is an interesting finding in
that it suggests that non-Mandarin/Jin varieties are more similar to each other in tone

Compare this discussion with that of the sensitivity analysis in section .. ey are analogous.
Compare the issue of choosing the number of dimensions to keep inMCA as described in section ...
Other methods concur: bothorndike’s () ‘elbow rule’ and Rousseeuw’s () silhouee-based

method recommend 3.





system than Mandarin/Jin varieties are to each other, in general.

Figure .: Tonal systems: k-means clusters (k = 4) with convex hulls superimposed
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At k = 4 (fig. .), the algorithm retains the two Mandarin/Jin clusters of the three-
cluster model, and splits the non-Mandarin/Jin languages into two clusters: a cluster
containing both Nánchéng Gan and Shuāngēng Xiang, and a cluster containing all other
non-Mandarin/Jin languages. e grouping of Nánchéng Gan and Shuāngēng Xiang to-
gether indicates that the k-means clustering parts ways with the traditional analysis of
Sinitic varieties into branches when we have four clusters. e two- and three-cluster
analyses (figs. . and .) divided the data in ways consistent with the traditional ana-
lysis, except for the fact that Jin and Mandarin were not distinguished (a controversial
distinction in the branch analysis as well). e four-cluster analysis does not distinguish
any additional traditional branches; rather, it offers up Nánchéng Gan and Shuāngēng
Xiang as more similar to each other in their tone systems than to other members of their
branches.

e main lessons to learn from this analysis are the following: (i) the branch di-
vision most reflected in the tone distance data is that between Mandarin/Jin and all
other branches (as shown in fig. .), (ii) there is a greater difference in tone systems
between the two Mandarin branches than between Mandarin and Jin or between any
two non-Mandarin/Jin branches (as shown in fig. .), and (iii) the branch divisions in





non-Mandarin/Jin varieties are not recoverable on the basis of their tone systems (as
shown in fig. .).

Given that we have already seen a relationship between tone system distance and
phylogenetic branch (according to traditional analyses), and that we know a posteriori

that genetic and areal effects are difficult to disentangle, we expect also to see a relation-
ship between tone system distance and geographic distance. To test this expectation of
the presence of areal effects, I plot in fig. . the clustered data once again, this time
against the coordinates of latitude and longitude.

Figure . shows that the clusters in the two- and three-cluster analyses (figs. .
and .) – which were aggregated according only to tone system similarity – also pick
out geographically coherent areas when ploed over latitude and longitude: the con-
vex hulls only intersect each other in the four-cluster model – the cluster comprising
only Nánchéng Gan and Shuāngēng Xiang that was problematic in interpreting the
clusters as corresponding to branches, is also problematic in interpreting the clusters as
isomorphic to contiguous geographical areas.

In the two-cluster analysis, the basic geographical division between the two clusters
corresponds to an important physical, cultural, and political fault line, namely the
Huáihé淮河 river line. at these factors are related is no surprise, and neither is the
fact that there are linguistic correlates of the division. Compare, for example, Baxter
(), whose (phylogenetic) analysis of several Mandarin and non-Mandarin varieties
finds that “this north-south division is the oldest and deepest split among the dialects
in the sample” (). As Baxter also notes, the prominence of the north-south split also
accords with traditional dialectological findings:

[S]everal phonetic isolines [i.e. isoglosses] pass along the Huáihé [淮河]
river and the Central Mountain Belt. Being very close to the political border
between Sòng [宋] and Jīn [金] (XII-XIII c.) and later between Sòng and
Yuán [元], the isolines thus coincide not only with an important geographic,
but also with a historic boundary of Northern China. (Zav’jalova , ,

More rigourously, the convex hulls of the clusters of points, as ploed geographically, are separate
when there are two and three clusters, although not when there are four clusters.





Figure .: Geographical distribution of clusters, with convex hulls superimposed

(a) Two-cluster analysis (see fig. .)
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(b) ree-cluster analysis (see fig. .)
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(c) Four-cluster analysis (see fig. .)
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as cited in Baxter , )

It bears remarking that Nánjīng and Yángzhōu, despite paerning with the northern
cluster, are in fact situated slightly to the south of the Huáihé. eir membership in
the northern group is aributable to their status, respectively, as the imperial capital of
the Ming dynasty, and as a major trade centre from the fourteenth to the nineteenth
centuries. In fact, “in the fieenth to the eighteenth centuries Guanhua [i.e. Mandarin 
] was based mainly on the Jiang-Huai (Nanjing) dialect.” (Ho , )e standard
only shied to what would later be known as Modern Standard Chinese “approximately
at the beginning of the nineteenth century”. is new standard was based on a variety
of the earlier standard spoken “in the north of Hebei and is the result of the fusion of
the Han and the Manchu peoples.” (Ho , )

e three-cluster analysis shows us the nature of the major split within the Man-
darin/Jin languages is one of geography: Chéngdū, Xī’ān, Nánjīng, Yángzhōu, and
Xiàoyì are precisely the more southern Mandarin (Jin, for Xiàoyì) varieties; while
Bĕijīng, Dàlián, Jĭnán, and Lánzhōu are the more northerly varieties. If Hashimoto’s
() hypothesis that many of the features characteristic of the Mandarin varieties are
due to an Altaic influence, it would be these northern varieties of Mandarin (and Jin) that
would be expected to show the most extensive influence. Tonal systems, as a typically-
Chinese and typically-un-Altaic feature, would not be expected to be le untouched by
such influence. Presumably, on this hypothesis, when Altaic-language speakers came
into contact with Chinese-language speakers, extensive tone contrasts were difficult to
master. is ‘imperfect learning’ is typical of contact effects

in linguistic areas that are relatively simple sociolinguistically, with
(mostly) unidirectional rather than multidirectional interference. … ese
are cases where there has been large-scale shi by speakers of one group of
related languages to a different group of related languages – as (apparently)
in the Ethiopian highlands and ancient South Asia – so that most interfer-

Anecdotally, any native speaker of a non-tonal language who has aempted to learn a tonal language
can aest.





ence features are due to imperfect learning of the target languages by the
shiing speakers. (omason , )

I shall not venture to comment on the validity of Hashimoto’s () analysis here,
although see section .. for some comment on the issue.

In the four-cluster analysis, we see the breakdown of clear geographical paerning,
as mentioned above. Nevertheless, the contiguity in geographical terms of the three
most salient (to the algorithm) clusters – clusters that were defined only by comparing
the fate of Middle Chinese tone classes – is striking.

It is not especially striking merely that we should find this fit between phonological
similarity, as represented by clustering in the dimension-reduced space of fig. . and
the branch-based and geographically-based interpretation. It is entirely natural for lan-
guages in close proximity to be related genetically, and to be similar in their structure.
Language communities are biological communities, and “[i]n nature, living beings are
distributed neither uniformly or at random. Rather, they are aggregated in patches, or
they form gradients or other kinds of spatial structures.” (Legendre and Fortin , )
What is striking is that the fit has its limits. is shows that some – but not all – of the
variation in the data is explicable in terms of Language-external factors.

What we have seen in this section is where the limits of genetic and areal descrip-
tions of tone systems lie, or alternatively, we have seen the extent to which tone system
similarity depends on genetic relatedness and geographical proximity. To summarize,
we have seen that:

() Aspects of the relationship between tone system distance and genetic/areal
factors

a. e most basic division in tone systems is between the Mandarin/Jin varieties of
the north, and the non-Mandarin/Jin varieties of the south.

b. e Mandarin/Jin distinction is less important than the distinction between
northern Mandarin varieties and southern Mandarin varieties.

c. e tone system diversity of the southern, non-Mandarin/Jin varieties (the Gan,
Hakka, Min, Tu, Wu, Xiang, and Yue branches) is less than the diversity within





the Mandarin/Jin branches.
d. e primary source of diversity in these southern branches (Nánchéng Gan and

Shuāngēng Xiang vs all others) is not readily explicable in areal or genetic terms.

It might be a source of puzzlement that these facts make no reference to any specific
Language-internal factors: we understand the Sinitic tonal Sachverhalt more deeply,
but we haven’t learned anything new about Sinitic tone yet. With this in mind, let us
devise a model which will specifically characterize the HLF-internal factors contributing
the the Sachverhalt that () omits, while still allowing us to express the insights we have
gleaned in this section by using MDS. For this, we need to turn to a more explanatory
technique than MDS: multiple correspondence analysis (MCA).

. Sinitic tone in six dimensions

.. Introduction

It is easy to visualize data distributed along two dimensions. Harder is to grasp the
meaning of distribution along three dimensions, and harder still is to understand what
is ‘happening’ in higher-dimensional datasets. is section will see the complexity of
the data fall from over one hundred dimensions to only six – losing information about
only roughly three tenths of the variance in the process. e technique I shall use to
accomplish this is multiple correspondence analysis (MCA), a tool that takes a myriad of
categorical variables and compresses them into a small number of continuous variables.
Each of these new variables – which are called the dimensions of the MCA model –
represents a collection of input variables which paern together. In our case, the input
variables are nothing more than a binary encoding of the identity of tone classes in a
given variety (as in table .) just as we used in deriving the Jaccard index. e goal of
all this is to allow us to see the structure of the data without becoming lost in minutiae.
Moreover, unlike MDS, MCA is explicit about how the input variables map onto the
constructed dimensions, so we can readily interpret what the dimensions mean.

Of course, much remains to be said about howMCA functions. Nevertheless, I would
begin by showing what it yields: in fig. . is a synoptic view (a scaer plot matrix) of the





six most explanatory dimensions of Sinitic tone that MCA generates. To achieve such a
view, I use a scatter plot matrix. Whereas simple scaer plots figs. . to . are used to
display the distribution of data over two dimensions only (by means of the placement of
points representing data along two axes representing the two dimensions), a scaer plot
matrix is used to display the distribution of data over more than two dimensions. It is
composed of (two-dimensional) scaer plots in a matrix structure (i.e. arranged in rows
and columns) representing the distribution of the data along all possible combinations
of dimensions. Each row and each column corresponds to a particular dimension, and
therefore each cell corresponds to a particular pairing of dimensions: the column dimen-
sion along the x axis and the row dimension along the y axis. is is the basic structure
of the display in fig. ., where the Sinitic tone system data are displayed along the first
six MCA-derived dimensions.

Since it adds lile to display the data along the same dimension twice, the main
diagonal is oen le blank, or filled with supplementary data. In fig. . I use the main
diagonal to show kernel density estimation plots for each dimension, which show a
smoothed version of the distribution of data in that dimension.

Together, these dimensions delineate the morphospace of tone systems in the Sin-
itic family. A morphospace is a geometric representation of the forms in the data – a
mathematization of the typological Sachverhalt. e utility of a morphospace for us
is not to predict the presence of varieties in under-filled areas, nor to propose that the
extant range of forms represents a logical or natural limit. Rather, a morphospace al-
lows us to understand each variety in the sample in its context, and for each variety not
in the sample, the morphospace provides terms in which to understand it. So we may
speak meaningfully of a typical Mandarin system, or of a system as a cross between,
say, Guăngzhōu Yue and Xiàmén Min. In defining the morphospace, we build a model
of Sinitic tone systems which we can use in the formulation and testing of hypotheses.

As mentioned above, MCA is not a ‘black box’ which simply maps one set of vari-
ables onto another; rather, it shows its work: we can determine the contribution of each

Technically, what kernel density estimation estimates is the probability density function of the ran-
dom variable of which the data are a sample.





Figure .: Scaer plot matrix of Dimensions –
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input variable to each dimension. Given what we know about the coarse structure of
the data from our MDS investigation in section ., we should not be surprised to find
that there are intelligible paerns in how tone classes paern together across varieties.
In this way, we can give a name to each dimension that represents something salient
about the Sachverhalt. ese names are meant as mnemonic devices, and are applied pre-
theoretically for the convenience of the reader. In the coming sections, I shall motivate
my choice of names, but I would present them here to give substance to the coming
discussion.

e position of each variety on each of these dimensions is listed in table B. (in
appendix B).

In the sections to come, I shall first explain the methodology of MCA and describe
how it was applied to the Sinitic tone system data. I shall then discuss my interpretation
of each of the six dimensions in table . in turn. e aim of this section is to furnish
us with a general notion of the morphospace, as defined by the six dimensions. In the





Table .: What the six dimensions mean

Dimension Name Description
Dim.  Northernness High values are correlated with a variety’s

location in the geographical-cultural region
of Northern China.

Dim.  Tonothanasia High values are correlated with the ongoing
loss of a tonal system in a variety.

Dim.  Yáng-merger High values are correlated with the merger
of yáng tones with each other.

Dim.  Tone IV-split High values are correlated with the realiza-
tion of historical Tone IV as two or more dis-
tinct tone classes.

Dim.  Tone III-shuffle High values are correlated with a variety’s
merger of historical Tone III with other tones
in distinct ways depending on the quality of
the syllable initial.

Dim.  Tone IV-entropy High values are correlated with the lack of
predictability in the reflex of historical Tone
IV in a variety.

next section, I show how this model, born of a historical science, is useful in allow-
ing us to formulate hypotheses for test in other disciplines, including the experimental
science practiced in the classical generative paradigm and the functionalist-typological
paradigm.

.. e methodology of multiple correspondence analysis

MCA is a technique used “to explore the structure of categorical variables”
(Panagiotakos and Pitsavos , ). MCA can be considered the analogue of the
more widely used principal component analysis (PCA) (used with continuous variables),
whose goal is “to reduce the dimensionality of a data set in which there are [sic] a large
number of interrelated variables, while retaining as much as possible of the variation
present in the data set.” (Joliffe , ix) In fact, MCA can be seen as “a particular case
of principal component analysis” (Greenacre , ). is is done, both in PCA and
in MCA, by mapping the data to a new, smaller set of uncorrelated dimensions, “which





are ordered so that the first few retain most of the variation present in all of the original
variables” (Joliffe , ix) in order, one hopes, to arrive at “intuitively reasonable inter-
pretations” (Joliffe , ) of the new variables, and therefore a greater understanding
of the system which underlies the dataset as a whole.

I elected as before to use binary variables indicating the loss (1; i.e. merger) or main-
tenance of contrast (0) between any two tone classes. is yields  variables – a dataset
of high dimensionality, and one for which our understanding would benefit from a re-
duction in complexity. To paraphrase Hoffman and De Leeuw (), “the purpose
of multiple correspondence analysis is to construct a joint map of [tone systems ]
and variable categories in such a way that a [tone system ] is relatively close to a
category it is in, and relatively far away from the categories it is not in.” ()

Each variable is arranged in an indicator matrix, a matrix in which the rows repres-
ent the individuals (for us, the tonal systems) and the columns represent the different
possible values for each (categorical) variable (for us, whether or not a merger occurred).
Each individual is assigned a  or  for each column, corresponding to whether or not
the input categorical variable takes the value specified in the column. e values in each
row sum to , because every individual is specified for some value with respect to the
variable in question. For example, table . shows a few rows from three of the indicator
matrices used in this study presented side-by-side: we see there that all three dialects
shown kept the Tone Ia class intact (the first (grey) group of columns – Tone Ia ‘merging
with itsel’), but that Xiàoyì merged Tone Ia with Tone IIa and Tone IIb (the second and
third groups of columns).

Hoffman and De Leeuw’s () study dealt with cars.

Table .: A sample of the indicator matrices used

Variety Tone Ia & Tone Ia Tone Ia & Tone IIa Tone Ia & Tone IIb
Merged Distinct Total Merged Distinct Total Merged Distinct Total

Bĕijīng         
Xiàoyì         
Guăngzhōu         





I will not outline the mathematics of MCA here in any formal way; interested readers
may enjoy the descriptions given in Abdi and Valentin () and Le Roux et al. ().
Instead, I will give a brief characterization of how MCA operates, so that the following
sections may be understood.

MCA solves two types of problems: a problem of individuals (for us, the tone systems
of Sinitic languages) and a problem of categorical variables (for us, tone class mergers).
For the individuals, we want to knowwhich are similar to each other. When the number
of behaviours that we consider relevant (values of the variables) to similarity is very
large, we can do lile more than say that individuals which behave alike are alike. MCA
gives us a way of reducing the dimensions along which individuals can be considered
similar. For the variables, we want to know which variables are related, and in what
ways. For example, does one behaviour (the value of a variable) go hand in hand with
another among the observed individuals? Are some mutually exclusive? Again, we
face a problem when we are confronted with a great number of variables. MCA gives
us a way of constructing new, continuous variables which summarize the relationships
between our original variables.

Upon further consideration, we can see that the two problems are in fact one: we
define relatedness of individuals in terms of how they behave with respect to the vari-
ables, and we define relatedness of variables in terms of how they are instantiated in the
individuals. MCA gives us solutions to both problems, and an explicit and quantitative
way to relate them.

MCA works as follows: we have our indicator matrices, as discussed above, which
we append together into one, so that the values of all variable levels are defined for all
individuals. We construct distance metrics both for individuals and for the variables –
remember that, in an indicator matrix, each original categorical variable is represented
as a set of binary variables (one for the presence or absence of each value of the original
variable). We want individuals to be distant if they do not share many variables. We
want variables to be distant if they do not share many individuals. MCA devises the low-
dimensional space that best satisfies these criteria – in this way it is similar to MDS.

It should be borne in mind that the dimensions of an MCA model are guaranteed only to be uncor-





What MCA yields is a vector of the dimensions of this space, in descending order
of usefulness in explaining the data, given in terms of inertia (variance) explained. In
this case, MCA returned twenty-five dimensions. I shall discuss only six dimensions
here because – as discussed in section . and section . – one soon reaches a point of
diminishing returns, and risks overfiing, as one considers more and more components.

We can visualize this drop-off in usefulness by ploing the inertia explained by each
component in what is called a ‘scree plot’ (fig. .), and also by ploing the cumulative
inertia explained by an increase the number of components (not pictured).

Recall the discussion in section . of robust models and the importance of avoiding
overfiing. ere has been a wide variety of methods proposed in the literature (see
Peres-Neto et al.  for a review of those proposed for the similar method principal
component analysis (PCA)) for choosing the number of dimensions to retain in a model.
One popular method is suggested by Joliffe ():

Choosing a cut-off t⋆ somewhere between 70% and 90% and retainingm
[dimensions], where m is the smallest integer for which tm > t⋆ , provides
a rule which in practice preserves in the first m [dimensions] most of the
information in x. ()

Following this rule, I have selected six components, with which we can explain al-
most three quarters (= 70.46%) of the inertia in the data. Although the method is
indubitably subjective, the value of adopting it is suggested by its results in a variety of
applications (Joliffe , and references therein), including this one. Let us now look
more closely at the content of the dimensions themselves.

related and ordered with respect to the amount of inertia in the data each explains; they are not a priori
guaranteed to represent anything we would recognize as a cause of the variation in the data. In other
words, a dimension does not represent anything per se – we use it only as a means to an end: bringing
order to our conception of the natural system we are investigating.

Inertia represents the total amount of variance in the data; it is equal to the number of input variables.
I have replaced ‘PCs’ (principal components) with ‘dimensions’ because Joliffe was discussing the

technique (analogous to MCA but for continuous variables) of principal component analysis (PCA).
As I mentioned above, the coordinates for all varieties along Dimensions – are given in table B..





Figure .: Percentage of inertia explained by each dimension (scree plot)
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.. A tour of the morphospace: the six dimensions

Before I discuss the properties of the dimensions, I wish to caution against interpret-
ing the results in this chapter as pointing to anything beyond the data themselves: they
describe properties of the sample, not necessarily of the population. With that said, let
us begin by looking at some general features of the distribution of the data over the six
MCA-derived dimensions.

Of the six dimensions, there is only one over which the data are normally distributed:
Dimension , which I am calling Tone IV-entropy (Shapiro-Wilk test: W = 0.95, p =

0.230; see table .). In fig. . I have ploed the coordinates of the varieties over each
dimensions in what are called quantile–quantile (Q–Q) plots. Q–Q plots are used to dis-
play the extent to which a sample approximates the normal distribution. e quantiles

of the normal distribution (x-axis) are ploed against quantiles of the sample (y-axis); a
normally-distributed sample will approximate a straight line in a Q–Q plot. Coordinates
greater than one and a half standard deviations from the mean – outliers – on a given
dimension are annotated with the name of the variety the coordinate represents.

A quantile is a value that marks a boundary between a number q of equal subsets of the data. Familiar
examples are the median (q = 2) and percentile (q = 100). A Q–Q plot of a given sample with size n has
q = n.





Table .: Shapiro-Wilk test of normality for Dimensions –

Dimension W p

Northernness 0.82 0.000
Tonothanasia 0.81 0.000
Yáng-merger 0.73 0.000
Tone IV-split 0.89 0.009

Tone III-shuffle 0.62 0.000
Tone IV-entropy 0.95 0.230

e outliers in fig. . are useful guides to interpretation of a dimension in that they
have extreme amounts of whatever the dimension encodes. As such, I shall refer to them
throughout for illustrative purposes. e best guides to interpretation, however, are
the correlation coefficients between each input variable (tone class identity/difference)
and each dimension: by determining which variables correlate to which degree with
which dimensions, we can determine which variables are most characteristic of which
dimensions. Let us now proceed to do this very thing.

Dimension : Northernness

I shall begin by examining the dimension I call Northernness, a dimension which
explains 22.4% of the inertia in the data. I would remind the reader here that the name
‘Northernness’ – as well as all the dimension names in this section – is meant as a mne-

monic rather than an analysis. In this section, I shall justify my decision to give Dimen-
sion the name Northernness by examining the features mostaracteristic of Northern-
ness, and the varieties which have Northernness in abundance (and which lack it). e
features in question are listed in table B., in appendix B. e information in table B. is
summarized here in ‘heatmap’ format in table ..

Figure . is a table of correlations between the non-distinction in a daughter vari-
ety of two historical tone classes (indicated by the intersection of rows and columns) and
the dimension in question. e strength of the correlation is indicated by the shading
of the cell: the darker the cell, the more correlated the dimension (R2) with the non-

Non-distinction could be merger, if the two classes were originally distinct; or it could merely be the
preservation of an ancestral distinction. e model does not differentiate; see section .. for discussion.





Figure .: Q–Q plots for Dimensions –
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Dimension 6

distinction of the tone class pair. If the correlation is positive, I have marked the cell
with a + symbol; if negative, I have used a − symbol. Only significant correlations are
displayed.

For example, in fig. ., we see a pair of dark cells marked with + in the lower
le corner of the chart. ey are both in the row marked Tone IVb []; one is in
the column marked Tone Ia [] and Tone Ib [+]. ese indicate that the dimen-
sion of Northernness is highly positively correlated with (a) the merger of Tone Ia with
obstruent-initial Tone IVb, and (b) themerger of sonorant-initial Tone Ib with obstruent-
initial Tone IVb.

Fully two thirds of the input variables in table B. (printed in appendix B) involve
Tone IV (either Tone IVa or Tone IVb; recall from section section . that the a vs b split
is one of voicing in the syllable initial): Tone IV is the入 rù ‘entering’ tone, which has
fallen in with other tone classes in most Mandarin varieties, including Standard Chinese
(Chappell , ). All Mandarin varieties in the present sample, save Nánjīng and





Table .: Heatmap: variables characteristic of Northernness (Dimension )

R2 Ia Ib IIa IIb IIIa IIIb IVa IVb
[] [+] [] [] [+] [] [] [+] [+] [] short long [+] []

Ia []

Ib [+] +

Ib [] +

IIa [] +

IIb [+] + − − −

IIb [] − + + + + +

IIIa [] + + + + + +

IIIa [+] + + + + + +

IIIb [+] − + + + + +

IIIb [] − + + + + +

IVa short + + + + + +

IVa long + + + + + +

IVb [+] + + + + + + + −

IVb [] + + −

Yángzhōu, have lost a distinct Tone IV – something which all non-Mandarin varieties
have retained. In examining the distribution of varieties along the dimension of North-
ernness (as shown in fig. .) we can see that every Mandarin variety has a higher value
than every non-Mandarin variety.

Hence I conceive of this dimension as representing, among other things, the loss of
Tone IV as a distinct category. Here is one case where an intensional and extensional
interpretation of the dimension do not differ meaningfully, for it is exactly the Mandarin





Figure .: Northernness (Dimension ) by branch
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varieties that have eliminated Tone IV.

One typical way of eliminating the contrast seems to have occurred by merging
obstruent-initial Tone IVb with Tone Ib, as is suggested by the high R2 value (which
we may interpret as characteristicness of the merger to the dimension) of this merger,
which has taken place in all Mandarin varieties but Nánjīng and Yángzhōu. Another
way the Tone IV contrast has been lost is by merging Tone IVa with Tone III (including
obstruent-initial Tone IIb; see next paragraph), as is done in Lánzhōu alone.

e loss of a distinct Tone IV does not exhaust the description of Northernness.
A further merger characteristic of high Northernness involves Tone III. In principle, a

is is the basis for the controversy over the classification of the Jin branch. See Tang () for
discussion of the debate and arguments from a variety of distance metrics against a distinct Jin branch. I
am in agreement with Tang’s approach to the question of the status of Jin, but I do not view the branch-
labelling maer as one of great consequence for this study. I am concerned less with genealogy and more
with general notions of similarity.

Other ways present but not characteristic of high values of Dimension  include merging Tone IVa
with Tone Ia, as is done in Xī’ān and Jĭnán; with Tone Ib, as is done in Chéngdū; or by redistributing Tone
IVa tokens seemingly at random, as is done in Bĕijīng.





variety could distinguish among four classes corresponding to Middle Chinese Tone III,
although none does so. Nevertheless, it is characteristic for high-Dimension  languages
to inherit Tone III as a single class. is is true of all Mandarin varieties in the sample,
as well as of some non-Mandarin varieties: both Méixiàn and Hépíng Hakka, as well as
ánzhōu Min. Moreover, inclusion of obstruent-initial Tone IIb in the same tone class
as the reflexes of Tone III is a typical feature characteristic of high values of Dimension .
is is also a Mandarin trait, present in all Mandarin varieties in the sample – and only
otherwise found in (Xiàoyì) Jin, a branch closely related historically and geographically
to Mandarin.

If we take the distribution of values of Northernness in the sample as a whole, we
see (as we see in fig. .) that Lánzhōu, the Northern variety par excellence, is an outlier
(defined as lying outside . times the interquartile range above the upper quartile and
below the lower quartile). is is likely because the merger of Tone IVa with the class
of all four types of Tone III as well as the obstruent-initial Tone IIb is counted eight
times. If this is a unitary phenomenon, one might question the wisdom of counting
it eight times. is multiple-counting, however, is inherent in a methodology (such as
MCA) that treats each variable as potentially independent. Even prima facie, however,
Lánzhōu does represent an extreme case of tone merger in the Mandarin branch, as well
as an extreme case of northwestern geographical position within historically Mandarin-
speaking regions, and so perhaps its extreme value for the Northernness dimension is
warranted.

e final merger that I shall discuss in connection with Northernness is that between
Tone IIa and obstruent-initial Tone IIb. Again, this is found in all Mandarin varieties in
the sample (as well as in Méixiàn Hakka, Nánchāng and Nánchéng Gan, Shàowŭ Min,
and Chángshā Xiang). One can see a paern emerging.

e pretheoretical interpretation of Dimension  as Northernness shows an agree-
ment between the results of MCA andMDS: the Northernness dimension of MCA seems
to encode much the same thing as did Coordinate  of MDS, which divided the Man-
darin/Jin cluster from the cluster containing all other Sinitic varieties (see section .).

In cladistic terms, this merger is a synapomorphy, an innovation unique to a clade.





Tellingly, the varieties with the lowest coordinates along the dimension are Nánjīng
and Yángzhōu, which are the southernmost Mandarin varieties, located geographically
in close proximity (see fig. .) to areas where languages of the Wu branch are spoken
– i.e. Shànghăi and Sūzhōu.

As I remarked in section ., Nánjīng and Yángzhōu are the in fact slightly to the
south of the Huáihé geohistorical boundary between northern and southern China.
MCA andMDS concur in that theHuáihé boundary is a significant one: the liminal status
of Nánjīng and Yángzhōu in bothmodels describe an ambivalence in their northern-ness:
something entirely expected given their status as centres of China-wide government and
trade. What we see here is a consilience among the results of the models – generated
entirely from a tone system similarity metric – and historical and geographical fact. In-
terestingly, the classification of Yángzhōu Mandarin is a thorny issue in Baxter () as
well – his maximum parsimony model equivocates on where in the tree to place Yáng-
zhōu. e final word on the phylogenetic status of Yángzhōu and other Jiang-Huai (i.e.
Lower Yangzi; incl. Nánjīng) Mandarin varieties has yet to be wrien, but the MDS and
MCA models suggest that they are transitional forms between typically northern and
typically southern varieties. However we define Northernness, we must conclude that,
of all the Mandarin varieties, Yángzhōu and Nánjīng have the least of it.

e consensus of the features that I have discussed is that – like Coordinate  of
MDS – the Dimension  returned by the MCA encodes those mergers undergone in
the Mandarin branch. Since Mandarin varieties are spoken across the north of China,
I prefer to give to Dimension  the name of Northernness, rather than Mandarinness.
e reason for my choice is that Mandarinness is not conceptually as gradable a concept
as is Northernness – and the hypotheses we may form based on Northernness are more
interesting and more testable than any we might form based on Mandarinness. It also
smacks of parochialism to speak of Min varieties as being deficient in Mandarinness
rather than lacking in Northernness. Nevertheless, nomenclature must be held as of
secondary importance to the fact that MDS and MCA conspire to show us: the primary
axis of distinction among the tonal systems of Sinitic varieties is a gradient one, at the

Note specifically their near-zero coordinates along the dimension of Northernness in table B..





top of which are the most remote, northerly Mandarin varieties, and at the boom of
which are crowded the non-Mandarin varieties spoken in the geohistorical region of
South China.

Dimension : Tonothanasia

Dimension , or what I am calling the dimension of Tonothanasia (‘tone death’, on
parallel with tonogenesis), explains 13.1%of the inertia in the data. UnlikeNorthernness,
Tonothanasia does not appear to demarcate a particular branch from the others. In
fact, both the highest and the lowest values for Tonothanasia are to be found within
the Mandarin branch. e two outlier varieties with high values for Tonothanasia are
Lánzhōu Mandarin (again) and Shànghăi Wu; the outlier on the lower side is Chéngdū
Mandarin. e distribution of values for Tonothanasia by branch can be seen in fig. ..

Figure .: Tonothanasia (Dimension ) by branch
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As table . shows, the Tonothanasia dimension has a heterogeneous quality in that
the features characteristic of it fall largely into two categories: one involving mergers





Table .: Heatmap: variables characteristic of Tonothanasia (Dimension )

R2 Ia Ib IIa IIb IIIa IIIb IVa IVb
[] [+] [] [] [+] [] [] [+] [+] [] short long [+] []

Ia []

Ib [+] + + + + − − −

Ib [] + + + + − − −

IIa []

IIb [+] + +

IIb [] + + + +

IIIa [] + +

IIIa [+] + +

IIIb [+] + + + +

IIIb [] + + + +

IVa short − − + + + + + −

IVa long − − + + + + + −

IVb [+] − −

IVb [] − −

with Tone IVa, and the other involving mergers of yáng tone classes Tone Ib, Tone IIb,
and Tone IIIb. Lánzhōu Mandarin takes its high value for Tonothanasia from mergers of
the former type, while Shànghăi Wu takes its high value from the laer type of mergers.
is yáng merger is also found in Sūzhōu Wu, Shuāngēng Xiang, Fúzhōu and Xiàmén
Min, and Líchuān Gan. In these varieties, however, the merger involves only Tone IIb
and Tone IIIb; in Shànghăi alone did Tone Ib participate. e low value of Chéngdū
Mandarin, by contrast, may come from the fact that (a) it keeps Tone IVa distinct from
the Tone III cluster common to all Mandarin varieties, and (b) it, like other Mandarin





dialects, shows no merger of yáng tone classes, beyond the non-distinction of Tone IIb
and Tone IIIb maintained in the Mandarin Tone III homophony.

is heterogeneity indicates that, while Dimension  may represent some property
of tone systems, that property is of a different nature than the simple tendency of certain
tones to split or merge. My interpretation of Dimension  is based on a similarity that
Lánzhōu and Shànghăi share, and that Chéngdū lacks. Although it is only conjecture,
I propose that the high value of Dimension  of both Lánzhōu and Shànghăi varieties
represents the fact that their tone systems are leaving the traditional Sinitic equation of
morpheme with syllable with tone-bearing-unit. Hence the interpretation of Dimension
 as Tonothanasia.

A famous hypothesis in Sinitic linguistics is that many of the features of the Man-
darin branch – notably the transitions from morphemic monosyllabicity to polysyllab-
icity and from many tonal distinctions to few – represent the effect of the influence of
the Altaic languages spoken nearby (Hashimoto ; McWhorter ). Whether or
not this is true as a diachronic fact, it remains that “Mandarin varieties like that of Lan-
zhou [have -] slightly more Altaic transfer than the standard”. Similarly, Shànghăi
Wu is a variety “where a tonal system has been reduced to an accentual system, at least
for one type of sandhi forms” (Chen , ). If this conjecture has any grounds, it
will be a vindication of the model that MCA is helping to build, as it would link two
dialects distinct in location and genetic affinity, but united in their loss of the prototyp-
ical Sinitic tonal system. e heterogeneity of the particular tone mergers in table .
reflects the distinct path each variety has taken on its road away from tone. If we accept
this, then the two main dimensions defining the Sinitic tonal Sachverhalt are: degree of
Northernness (with concomitant paerns of merger) and degree of Tonothanasia.

Dimension : Yáng-merger

Dimension , or Yáng-merger, explains 10.8% of the inertia in the data. Most varieties
have low values for the dimension of Yáng-merger, but there are two outliers with high
values: Chéngdū Mandarin and Shànghăi Wu, both making their second appearances as
outliers. e input variables most characteristic of this dimension are given in table ..





Table .: Heatmap: variables characteristic of Yáng-merger (Dimension )

R2 Ia Ib IIa IIb IIIa IIIb IVa IVb
[] [+] [] [] [+] [] [] [+] [+] [] short long [+] []

Ia []

Ib [+] + + + +

Ib [] + + + +

IIa []

IIb [+] + +

IIb [] + + + +

IIIa []

IIIa [+]

IIIb [+] + + +

IIIb [] + + +

IVa short

IVa long

IVb [+]

IVb []

Unlike those of Tonothanasia (Dimension ), the variables most characteristic of
Yáng-merger are relatively homogeneous. Of the ten, eight involve Tone Ib, six involve
Tone IIb, and six involve Tone IIIb. More specifically, high values of Yáng-merger appear
to pick out the merger of yáng tones (Tone Ib, Tone IIb, and Tone IIIb) found in Shànghăi
– a merger that Tonothanasia also partially encoded.

It seems, all things considered, that Dimension  is a relatively simple case: it encodes
the merger of historical yáng tones into a single present-day reflex. Let us now continue
on to a description of the second half of the MCA model.





Figure .: Yáng-merger (Dimension ) by branch
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Dimension : Tone IV-split

Dimension , or Tone IV-split, which explains .% of the inertia in the sample,
presents an interesting case. Of all the dimensions given by MCA, Tone IV-split is the
one over which the sample has the most variance – full six varieties are outliers, and all
of them in the Mandarin branch. What is especially interesting about these outliers is
that they contain both high and low values. See fig. . for details.

e outliers above the median are the familiar peripheral varieties Chéngdū (Dim. 
= 1.00) and Lánzhōu (Dim.  = 0.51) Mandarin. Below the median we find as outliers
Jĭnán (Dim.  = −0.43), Bĕijīng (Dim.  = −0.45), Xī’ān (Dim.  = −0.57), and Dàlián
(Dim.  = −0.64) Mandarin.

e variables correlated most highly with Tone IV-split are listed in table ..
We see, in the variables characteristic of Dimension , the very same things that

maered to Dimension . ere is the same focus on the fates of Tone Ib and Tone IV.
While high values of Dimension  indicate the Chéngdū merger of these tone classes,





Figure .: Tone IV-split (Dimension ) by branch
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low values are correlated with alternative treatments of Tone IV. It seems, therefore,
that Dimension  serves to distinguish between two types of Mandarin varieties: the
Dàlián-type distinguishes sonorant- and obstruent-initial Tone IVb and, in some cases,
merges Tone IVa with another tone (Tone Ia, Tone IIa, or sonorant-initial Tone IIb). e
Chéngdū-type merges Tone IVa with Tone IVb and, in the extreme eponymous case,
merges this class further with Tone Ib. Hence the name ‘Tone IV-split’ for Dimension .
See () for a summary of the division.

() Two types of Mandarin tone systems:

a. Dàlián-type: Jĭnán, Bĕijīng, Xī’ān, and Dàlián
b. Chéngdū-type: Nánjīng, Yángzhōu, Lánzhōu, and Chéngdū





Table .: Heatmap: variables characteristic of Tone IV-split (Dimension )

R2 Ia Ib IIa IIb IIIa IIIb IVa IVb
[] [+] [] [] [+] [] [] [+] [+] [] short long [+] []

Ia [] − −

Ib [+] + + +

Ib [] + + +

IIa [] − −

IIb [+] − −

IIb []

IIIa []

IIIa [+]

IIIb [+]

IIIb []

IVa short − + + − − + +

IVa long − + + − − + +

IVb [+] + + + + +

IVb [] + + +

Dimension : Tone III-shuffle

For Dimension  – Tone III-shuffle – which explains 7.5% of the total inertia, the out-
liers are, on the low end, Hépíng Hakka; on the high end, Xī’ān Mandarin and Nánchāng
Gan. e overall shape of the distribution for Dimension , like the four dimensions be-
fore, it is one of a flock of individuals huddled together, with one lone wolf (in this case,
Nánchāng Gan) standing well apart from the rest.

If we understand it extensionally, Dimension  appears to pick out the Nánchāng
variety of Gan from all others. If we understand Dimension  intensionally, it appears
to concern largely the fate of Tone III.





Figure .: Tone III-shuffle (Dimension ) by branch
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e input variables correlated highly with Dimension  are given in table ..
What the most explanatory variables for Dimension  (table .) indicate is that

Dimension  denotes the (separate) mergers of various Tone I and Tone II classes with
classes of Tone III: (i) sonorant-initial Tone Ib merges with tenuis-initial Tone IIIa, (ii)
Tone IIa (voiceless initials) and sonorant-initial Tone IIb merge with aspirate-initial
Tone IIIa, and (iii) obstruent-initial Tone IIb merges with Tone IIIb. Notably, (voiced)
obstruent- and sonorant-initial Tone Ib are distinct, as are tenuis- and aspirate-initial
Tone IIIa. As a result, the Middle Chinese classes Tone I, Tone II, and Tone III have been
partially redistributed according to the features of the initial consonant of the tone-
bearing syllable. is has not, however, resulted in the loss of class distinctions in most
cases: as table . shows, all initial-environments distinguish at least three tone classes.

Hence I conclude that the Dimension  feature in some way denotes this shuffling of
tones, which is achieved largely by mergers with Tone III. As with Dimension  (Yáng-
merger), this characterizationmust remain tentative pending amore comprehensive sur-





Table .: Heatmap: variables characteristic of Tone III-shuffle (Dimension )

R2 Ia Ib IIa IIb IIIa IIIb IVa IVb
[] [+] [] [] [+] [] [] [+] [+] [] short long [+] []

Ia []

Ib [+] − +

Ib [] −

IIa [] +

IIb [+] +

IIb [] + +

IIIa [] + −

IIIa [+] + + −

IIIb [+] +

IIIb [] +

IVa short

IVa long

IVb [+]

IVb []

vey of Sinitic tone systems. Of course, such a surveymight not find any other system like
that of Nánchāng, or one which, though different, still paerns with it along Dimension
. In that case, Tone III-shuffle would be the extent of our explanation.

Dimension : Tone IV-entropy

Dimension  (Tone IV-entropy), as I remarked earlier, is the only dimension that
MCA has given us over which the data are normally-distributed. It is also the variable
aer which I have chosen to examine no more; already the percentage of inertia (fig. .)
explained has dropped to .%. With a model consisting of six dimensions, we shall have





Table .: Tone reorganization in Nánchāng Gan (hypothetical expected classes in par-
entheses)

Tone class [, ] [, +] [+, +] [+, ]
Tone I    () 
Tone II    ()  ()
Tone III   ()  
Tone IV    

captured .% of the total inertia in the data. Outliers for Tone IV-entropy are not so
extreme as in the other dimensions, but there are still two: Xī’ān Mandarin on the low
end, and Bĕijīng Mandarin on the high end.

Figure .: Tone IV-entropy (Dimension ) by branch
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e variables correlated most highly with Tone IV-entropy are given in table ..
Some type of Tone IV is involved in every variable which correlates with Dimension

. In particular, it seems that the more distinctions made within Tone IV, and the more





Table .: Heatmap: variables characteristic of Tone IV-entropy (Dimension )

R2 Ia Ib IIa IIb IIIa IIIb IVa IVb
[] [+] [] [] [+] [] [] [+] [+] [] short long [+] []

Ia [] +

Ib [+]

Ib []

IIa [] + +

IIb [+] + +

IIb []

IIIa []

IIIa [+]

IIIb [+]

IIIb []

IVa short + + + + +

IVa long + + + + +

IVb [+] + + +

IVb []

made between types of Tone IV and other tones, the higher a variety’s position along
Dimension . Extensionally, the indicators correlated with Dimension  conspire to exalt
Bĕijīng Mandarin and to make Xī’ān low. e normal distribution of the data do not
suggest a clean break between a cluster of high-Dimension  varieties and a cluster of
low-Dimension  varieties. is in itself indicates that we should prefer an interpretation
involving the nature of Tone IV.

e most salient characteristic of Bĕijīng Mandarin is its treatment of Tone IVa, or
rather the inconsistency in its treatment of Tone IVa. I mentioned this as an aside in
section ., but it bears mentioning again here that “in the Bĕijīng group [Tone IVa ]
words are distributed into the remaining tonal categories without any clear condition





for the split.” (Norman , ) If this interpretation of Dimension  is correct, we
can understand this lack of predictability in the class of historical Tone IVa word as
having greatly increased Bĕijīng’s Dimension  coordinate. Recall here how mergers
were encoded in the data (in section .): varieties in which tone classes are non-distinct
share a tone number (in the scheme set forth in table .), and are given 1 for that pair
of tone classes in the input to the variety distance matrix; otherwise they are given a
value of 0 in that position. Recall also that I treated unconditioned splits (the only one
in the sample is in Bĕijīng’s treatment of Tone IVa) as non-mergers by the rationale
that 1 represents a complete merger (or retained lack of distinction). is then explains
Bĕijīng’s high position on Dimension : it alone does not retain a coherent long or short
Tone IVa class. Moreover, Tone IVa does not consistently merge with any particular
tone class in Bĕijīng; historical Tone IVa morphemes appear without paern in the other
extant tone classes.

My conclusion is that what Dimension  denotes is that the reflexes of Tone IV pat-
tern predictably in the variety in question. In otherwords, if one knows that amorpheme
had Tone IV in Middle Chinese, how likely is that person to select the correct tone class
for that morpheme in the variety? In Bĕijīng, the answer to that question is, inform-
ally, not particularly likely at all, especially if the historical tone class is Tone IVa. In
information-theoretic terms, this is the quality of entropy. Hence the name for Dimen-
sion : Tone IV-entropy.

.. Summary

e six dimensions I have discussed in this section represent six ways of viewing
the tone system Sachverhalt. ese dimensions have no a priori content: they are to be
understood primarily as literal dimensions in the conceptual space, the morphospace,
that represents the Sachverhalt of Sinitic tone systems. ey exist to give substance to
our intuitive notions of similarity, when there is no obvious way of measuring the same.
I have named them first as an aid to understanding, because they are by necessity only
accurate to a certain extent. Nevertheless, they have some use in puing us in a right

We must here, as throughout, abstract away from the particular phonetic contour of the tone class.





relationship to the data: we understand beer now what is at stake in our notion of tone
system similarity.

What is at stake has turned out to be predominantly six things:

() Six primary dimensions of Sinitic tone systems:

a. Northernness (22.4% of inertia): the degree to which a variety’s tone sys-
tem approaches that of an idealized Northern variety, characterized at least
partly by the loss of a distinct Tone IV. (cf. MDS’ Coordinate )

b. Tonothanasia (13.1% of inertia): the degree to which a variety’s tone system
has departed from the Ur-Sinitic ideal of ‘one tone contour, one syllable, one
morpheme’.

c. Yáng-merger (10.8% of inertia): the degree to which a variety’s tone system
is marked by a lack of distinctions among the historical Yáng tone classes.

d. Tone IV-split (10.4% of inertia): the degree to which a variety’s tone system
is marked by the multiple realization of historical Tone IV, depending on the
phonological properties of the syllable initial.

e. Tone III-shuffle (7.5% of inertia): the degree towhich a variety’s tone system
is marked by mergers of historical Tone III with other tone classes, depend-
ing on the phonological properties of the syllable initial.

f. Tone IV-entropy (6.3% of inertia): the degree to which a variety’s tone sys-
tem is marked by the unpredictable realization of historical Tone IV.

One of these dimensions, Northernness, is defined primarily in terms of non-linguistic
properties, namely the region of China in which the variety is spoken. e others are
defined in terms of Language-internal properties.

e interpretations I have given to the six dimensions in table . (and repeated in
()) are not only expedients for the purposes of description, but also hypotheses that may
be tested. e rub is that they cannot be tested on the data that gave birth to them, for

It is also conceivable that Northernness be beer defined as Mandarinness, although the two proper-
ties are so thoroughly mixed, and mired in historical contingency, that I do not know whether there is a
fact of the maer as to whether they are separate.





the reasons explained in chapter : we would be unable to distinguish accident from
necessity. In statistical terms, we would be prone to Type I error. is means that we
must be creative in finding ways to explore interesting explanations of aspects of the
typological Sachverhalt.

. Testing our hypotheses

us far, this chapter has seen a full analysis according to the paradigm of ideal-
typology. In broad strokes, we may describe inquiry in ideal-typology as a procedure
consisting of: (i) representation of the data in a scheme amenable to analysis, (ii) ana-
lysis of the data using dimensionality reduction techniques, and (iii) interpretation of
the analysis guided by domain knowledge, indeed by knowledge of multiple ‘adjacent’
domains.

We may take a further step in our inquiry by testing the hypotheses that ideal-
typology has yielded. For practical reasons, I shall examine in detail only one hypo-
thesis about the Sinitic tonal Sachverhalt, one suggested both by MDS and MCA: that
of Northernness as the most salient dimension of difference among tonal systems. As
always, there is no set list of tests to run: the analyst must depend on something like
intuition, experience, or the wisdom of practice for guidance. It is with no false modesty
that I assert that my store of these is finite, so the methods I use as I proceed I beg the
reader to take as illustrative only.

ese two methods both involve comparison of the tone system morphospace sum-
marized by fig. . with theoretical structures born of other modes of inquiry. First, I
exploit the similarity between the dendrographic structure of historical-linguistic phylo-
genies (branching trees of descent) with the dendrographic structure of hierarchical (or
agglomerative) cluster analysis in order to answer the question: what is the relation-
ship between tone system similarity and genetic relatedness? e answer: the two ap-
pear to be directly related only locally, that is, the two measures oen agree on small-

is step entails the nontrivial maer of the choice of representation, which must itself be guided by
theory. ere is no procedure for determining which representation is ‘correct’; there is only the heuristic
process of deciding on a sensible representation with which to begin, subjecting it to analysis, and revising
it accordingly.





scale groupings but not on large-scale ones. Second, I consider the relationship between
morphospace and physical space in comparing (Euclidean) distance in the morphos-
pace with two measures of geographical distance: (a) great-circle distance (distance ‘as
the crow flies’), (b) a cost-weighted distance where crossing the boundaries of histor-
ical political/economic units is penalized. Of the two, the measure that best predicts
morphospatial distance is unweighted great-circle distance; and the amount of variance
explained in this way is only 34.6%. is accords with the results of MCA, in which
the only spatially-interpretable dimension of Northernness explained 22.4% of the vari-
ance in the data – both models accord a large minority of the explanatory burden to
spatial/genetic factors, but still only a minority.

My conclusion from these investigations is that the division of explanatory la-
bour between Language-internal and Language-external factors as modelled by MCA is
roughly accurate: somewhere between one fih and one third of the variance in the data
is directly aributable to some combination of genetic relatedness and geographic prox-
imity of tone systems. ese tests confirm that, as both MDS andMCA showed, the con-
tent of these Language-external effects is largely a division between Northern/Mandarin
languages and all others.

.. Clusters and clades

A mathematical structure that recurs in a variety of fields of inquiry is the tree: be-
sides those of its applications most familiar to syntacticians, morphologists, and phono-
logists; the tree is famously applied by historical linguists to represent the genetic rela-
tionships of languages over time. Another application, less specific to linguistic inquiry,
is in representing the result of a type of clustering algorithm (cf. the k-means clus-
tering algorithm of section ..) called hierarchical, or agglomerative, clustering. e
dendrogram that a historical analysis (partially) consists of is directly comparable to the
dendrogram that a hierarchical clustering analysis consists in. In this section, I shall
exploit the comparability in order to explore the relationship between distance within
the morphospace and distance within a phylogenetic tree – the reconstructed genea-
logy of Sinitic varieties. In this way, we can see how much of the phylogenetic structure





(historical relationships) is explicable in terms of morphospatial structure, and vice versa.
We canmake amorphospace directly comparable to a phylogeny by transforming the

former into a dendrogram bymeans of a hierarical clustering algorithm. A clustering
algorithm operates on the guiding principle that individuals that are close together (by
some standard of measurement), belong together. A hierarchical clustering algorithm is
a clustering algorithm that proceeds iteratively, starting with as many clusters as there
are individuals, and then at every step merging together the closest clusters. e al-
gorithm ends when there is only a single cluster remaining, one which contains all in-
dividuals.

e two ways in which a hierarchical clustering algorithm is sensitive to the judge-
ment of the analyst: in the distance metric used, and in the method of determining what
is the shortest distance among clusters (as opposed to the distance among individuals,
which is a straightforward application of the distance metric). For the distance met-
ric, I choose Jaccard distance, as in section . (see (), and for the clustering method,
I choose the maximum distance (complete linkage) clustering method. e maximum
distance clustering method takes the distance between two clusters to be the distance
between the two farthest points in each cluster (see ()).

() Maximum distance clustering method

max { d(a, b) : a ∈ A, b ∈ B }

e usual representation of the result of a hierarchical clustering algorithm is a dendro-
gram, a tree-like representation showing the content of the clusters at each stage of the
algorithm. e results of the algorithm on the Sinitic tone dataset are given in fig. ..

We can see in the results of clustering algorithm a sort of morphospatial core-
periphery structure. Perennial outlier varieties such as Shànghăi Wu, and Chéngdū and

Strictly speaking, I am describing here an agglomerative hierarchical clustering algorithm. e al-
gorithm can be run in a ‘top-down’ fashion (a divisive algorithm), starting with one cluster and spliing
as it proceeds.

e maximum distance method has the virtue of avoiding “the well-known ‘chaining’ effect” (De-
fays , ) of the minimum distance method, whereby non-compact clusters are formed where each
member is close to another, but where any two individual members may be undesirably distant.





Figure .: Hierarchical clustering on the morphospace
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Figure .: Sinitic phylogeny, aer List ()
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Lánzhōu Mandarin, are among the last to join a cluster. By contrast, the varieties which
appeared for all six dimensions within the ‘meat of the curve’ (I am referring to the
distribution curves shown along the diagonal in fig. .), such as Xiàmén (or any other
variety o) Min, merge with their neighbours early on in the algorithm.

e question that cries out to be asked when seeing a dendrogram of languages
is: how does this relate to the more familiar phylogenetic ‘family tree’ dendrogram?
e question that underlies this is: what is the relationship of synchronic similarity to
diachronic relationship? Just how far did the apple fall from the tree?

We are able answer this question directly, since the phylogeny of the Sinitic fam-
ily has been beer studied than most (e.g. Karlgren ; Lǐ ; Norman ; Wáng
). One recent reconstruction, made originally by Laurent Sagart, is given in List
(, Supplemental Material II, ). I have augmented this in what, I hope, is an un-
controversial way: my data consists of  varieties; List’s () consists of . e
two datasets share  varieties; the  varieties unique to my data I added as sisters to
varieties to which they were most closely related, according to the Language Atlas of

China (Wurm et al. ), as described in Kurpaska (, –). I then removed all
varieties unique to List (), so that the two dendrograms could be directly compared.
e result is shown in fig. .. I shall shortly calculate overall similarity of the dendro-
grams, but I will first point out the nodes which represent the major branches (as listed
in table .) in order that we may orient ourselves. In fig. . the nodes (graphically,
corners) which dominate these branches are labelled.

As fig. . shows, each branch is monophyletic in List (), showing a match
between the received analysis of Sinitic varieties into branches and the phylogenetic
model. Of course, thismatch is unsurprising since themodel represents the received ana-
lysis. Now compare it with how the branches are distributed in tone system morphos-
pace: fig. . shows that (apart from the trivially monophyletic Jin, Tu, and Yue
branches), no branches are monophyletic in the hierarchical clustering of the morphos-

e most judgement I exercised was in placing the Tu branch (represented by Jiāngyŏng) as a sister
to the Hakka branch, following Sagart (a).

Informally, a set of nodes is monophyletic iff one of the nodes dominates all and only the other nodes
in the set.





Figure .: Sinitic branches, aer List ()
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pace.
I have marked each non-monophyletic branch with an exclamation point (e.g.

!Hakka), and placed the label at the lowest node dominating all members of the branch.
For example, the lowest node dominating both Hakka varieties (Hépíng and Méixiàn)
also dominates eleven other varieties.

A direct comparison of the two dendrograms is given in fig. ., where solid lines
represent edges held in common and dashed lines represent edges unique to one
dendrogram or the other.

Figure . shows in a general sense the differences between the two structures; in
fact, the only substantial point of agreement is in the structure of the cluster containing
the Mandarin varieties Bĕijīng, Jĭnán, Xī’ān, and Dàlián.

An edge, in graph-theoretic terms, joins two nodes.
is graph was generated using the R package distory (Chakerian and Holmes ). e al-

gorithm used to produce these dendrographic representationd does not deal well with nodes with three
or more branches. I have therefore omied dashed lines on the one quaternary branch.

ephylogenetic reconstruction (le) also includes Lánzhōu as a sister to Xī’ān. e Jaccard-distance-





Figure .: e distribution of branches over the morphospatial clusters
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To quantify the difference between the two dendrograms, I turn to Robinson and
Foulds’s () metric of distance between trees, which I shall refer to as dRF . e
intuition that dRF formalizes is that two binary trees with the same set of terminal nodes
N are more similar to the extent that fewer operations are needed to transform one into
the other. In this context, operations are to be understood as either (a) contraction,
replacing two edge-linked nodes with one bearing the union of both nodes’ labels, along
with deletion of the edge joining nodes, or (b) expansion, the reverse of contraction
(spliing a node into two edge-joined nodes).

Since dRF is defined over binary-branching trees, it is necessary to resolve the mul-
tifurcations (e.g. the Gan branch of Nánchéng, Nánchāng, and Líchuān in fig. .) into
bifurcations. In most cases, this would require us to take the mean value of dRF from a

derived cluster (right) is therefore consistent with the clade, but not vice versa, since Lánzhōu Mandarin
is the last merged in the Jaccard-distance-derived hierarchy.

is measure was computed using the R package phangorn (Schliep )
I performed the resolution using the multi2di function of the R package ape (Paradis et al. ).





Figure .: Direct edgewise comparison of List’s () phylogenetic reconstruction
(le) and the Jaccard-distance hierarchical clustering (right): dashed lines represent non-
shared edges
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Monte Carlo simulation of the random resolution of these multifurcations. For this pair
of trees, however, the nature of the operations involved (contraction and expansion)
means that the precise way in which we resolve the multifurcating nodes is immaterial;
each possibility results in the same value for the distance metric: dRF = 40. In other
words, full forty operations are required to transform one into the other (in either direc-
tion; the metric is symmetrical). e minimum distance possible would be between two
identical trees, where dRF = 40.

In order to clarify the nature of the relationship between these two analyses, I ap-
propriate a distinction from the phylogenetic literature: a dendrogram may be either
phenetic or cladistic. A phenetic dendrogram (such as that produced by hierarchical
clustering fig. .) measures only synchronic similarity; a cladistic analysis (such as a
phylogenetic reconstruction fig. .) measures hypothesized historical divergences.

Phenetic analyses do not make a distinction between retained ancestral (symple-
“[T]he distinctionmight be drawn simply as follows: phenetics counts character state identities, while

cladistics counts character state transformations (Brower ).” (Brower , )





siomorphic) and innovative (synapomorphic) characters (i.e. traits) – such analyses
are purely synchronic descriptions of similarity. Cladistic analyses are essentially dia-
chronic: in a cladistic analysis, shared retention does not warrant a monophyletic group
(a clade); shared innovation is the only indication of a clade.

e effects of horizontal transfer – in linguistic terms, contact-induced change or
borrowing – however, represent a challenge for cladistic analysis. Just as horizontal
gene transfer is rife in biology, in Language we find extensive borrowing of everything
from lexical items to grammatical structures: “any linguistic feature can be transferred
from any language to any other language” (omason and Kaufman ). is con-
found was noted early on as Schmidt (), and contributed to the development of the
Wellentheorie ‘wave theory’ of language change. It also undergirds the study of Sprach-
bünde (Trubetzkoy ), or linguistic areas.

I propose to take the parallelism at face value: it seems that genetic relationships
alone do not explain the shape of the morphospace, or more precisely, that the tone
system morphospace alone would not lead us to the same reconstruction as those who
have studied Sinitic phylogeny holistically. Researchers within the discipline of plant
systematics (for example Peirson et al. ) have therefore made use of phenetic ana-
lysis to develop taxonomies. Let us therefore consider whether we can follow suit and
assess the impact that horizontal transfer – areal effects – have had on tone system sim-
ilarity. To put the question alternatively, what is the relationship between geographic
proximity and tone system similarity?

But see Nixon and Carpenter (a), and the flurry of leers to the editor of the journal Cladistics
sent in response (Williams and Ebach a; Nixon and Carpenter b; Farris a;Williams and Ebach
b; Farris b) for extensive and amusing evidence that practitioners are not wholly in agreement
on this issue.



[T]he case that is relevant to evolution is the frequent one in which these genetic ‘out-
siders’ end up inserting themselves permanently into the genome of a species and then
being transmied ‘vertically’ in the canonical way through successive generations. First
discovered in maize …, this phenomenon is ubiquitous. It has been estimated that at least
 per cent of our genes derive from such horizontal gene transfers. (Fodor and Piaelli-
Palmarini  [], )





.. Geospatial and morphospatial distance

Variation among languages is impossible to study without reference to the intrinsic-
ally spatial nature of language communities. Every language is spoken by a community
at some distance on the earth from every other language community. While distance on
the earth, or geospatial distance, alone cannot predict which languages will share what
properties, geospatial distance does place some restrictions on the horizontal transfer of
linguistic features. It is hardly credible, for instance, that the presence of lateral fricatives
in Nahuatl and Welsh, should be aributed to horizontal transfer in either direction.

As a methodological simplification, we may consider languages at a given distance
from each other to have some probability of influencing each other. We must also
assume that this probability roughly increases as the distance decreases. is is Tobler’s
() first law of geography: “Everything is related to everything else, but near things
are more related than distant things.” () I believe that these assumptions are the
minimum that we require in order to submit hypotheses of areality to quantitative test.

First, it can be shown that Tobler’s first law holds for tone systems. Geospatial
distance significantly predicts half of the variance in morphospatial (Jaccard) distance
(R2 = 0.50, F (1, 674) = 688.4, p < 0.001***). In other words: in general – but only in
general – varieties more distant on the globe are more more distant in the morphospace,
and the effect of great-circle distance is moderate to high (β = 0.71, t(674) = 26.24, p <

0.001***). In fig. ., I have ploed the geospatial great-circle distance between each
pair of varieties against the distance between that pair in the morphospace.

Visually, the distance-distance plot in fig. . shows that the association between
the two measures of distance is a relatively loose one. If morphospatial distance were

I am subsuming under this approximation the certain effects of genetic relatedness, and abstracting
away from the unquestionable mediating influences of social factors.

e regression is done on the ranks of the distances between each two varieties rather than the
values themselves; this weakens the assumption of a linear relationship between the distances to one of
a monotonic relationship, enabling the model to detect some non-linear effects.

If conceive of the representation of tonal contrasts as a problem to be solved by every variety, we do
see some sameness of solution despite great distance, and likewise some difference despite proximity. In
this case, the morphospace could be thought of as a space in which each variety’s tonal system represents
a ‘solution’ to the ‘problem’ of organizing the tonal contrasts that a system might maintain. My thanks
to Massimo Piaelli-Palmarini for suggesting this conception.





Figure .: Geospatial great-circle distance (rank) predicts morphospatial (Jaccard) dis-
tance (rank)
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exclusively a function of geospatial distance, we would expect something resembling
a straight line (allowing for deviation on an individuals due to error). Instead, we see
widespread dispersion, albeit one with a positive monotonic trend (fig. .).

When combined with the result that the clustering analysis produced markedly dif-
ferent results from the received phylogenetic reconstruction of Sinitic varieties, the pre-
diction of (roughly three tenths of the variance in) morphospatial distance from geospa-
tial great-circle distance is suggestive of a greater effect of area on tone systems than of
genetic relatedness alone, but there are confounds in two directions. First, there is the
obvious and perennial problem of genetic-spatial dependency: things that are related
are oen side-by-side. e effect of area alone may then be overestimated by fig. ..
Second, there is the fact that great-circle distance is at best an imperfect measure of the
kind of distance that maers for language contact. Ten kilometres over a plain is not
the same as ten kilometres over a mountain. In this way, the effect of distance may be





underestimated by fig. . – perhaps the spread of points is due to a poor choice of
metric.

On the first question, we have two options. We must either accept that language
relationships in the dimensions of space and time are inextricable from each other, and
that our insistence on being able to make the distinction is a pretense to knowledge, or
try to find newways of analysing the data. Currently, there are somemethods for dealing
with spatial dependency, originally developed by ecologists, which show promise, and
which linguists are beginning to consider (Asao ). ese methods are controversial
even in their native domain, however (Dormann ), and I would rather spend the
rest of this section on another maer, one which requires no more statistical wizardry
than the workaday linear regression: exploring the question of what distance metric is
appropriate for analysing contact effects.

China is in many ways an ideal laboratory for exploring the effect of geography on
Language. In it we have access to a single language family dispersed over a wide variety
of terrains, and yet directly comparable due to the unifying effects of the particular type
of literacy (in the Chinese morphosyllabic script; Hansell ) and the centralized polit-
ical history of the region. Moreover, China’s history and geography are well-studied,
and so we are in a good position to speculate about the situation which gave rise to the
diversity of tone systems and the similarities which still exist among them.

Skinner (, and in later work) developed a theoretical framework for understand-
ing the social and economic history of China (as a region rather than a polity) in which
the regionwas best understood as comprising nine physiographicmacroregions (shown
in fig. .). Each of these macroregions “was characterized by the concentration in a
central area of resources of all kinds – above all, in an agrarian society, arable land, but
also, of course, population and capital investments and by the thinning out of resources
toward the periphery.” (Skinner , ) e macroregion, then, was the basic unit
of analysis in Chinese history. eir unity was derived from their physical properties:
each is roughly coterminous with the watershed of a major river.

Macroregion GIS data are from Skinner et al. ().
It is important to note that these macroregions were determined not based on linguistic affiliation,

but rather on physiographic boundaries. is point is made (as a criticism) in Heijdra (): “the macro-





Skinner’s framework is built upon the idea that it is easier to deal (socially, econom-
ically, and so on) with those whom it is easiest to reach. Since travel by boat was much
faster than travel overland for most of human history, it is only natural that the areas
which are closest to each other by water travel should be in the most contact. From this
point we may take up the reins and speculate that such a notion of distance would be
able to predict morphospatial distance more than the unweighted great-circle distance
of fig. ..

Figure .: Topography and physiographic macroregions of China proper
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e intuition we wish to capture with a terrain-informed distance metric is that, for
our purposes, ‘near’ and ‘far’ are dependent on the time it takes a human to get there,
rather than a crow. To this end, I swap the simple great-circle distance used as the x-
axis in fig. . for a cost-weighted distance matrix. Although a more intricate model
is indeed possible, I have chosen to represent the cost of a one-kilometre journey across

regions as Skinner defined them and which are widely reproduced were not necessarily arrived at in-
ductively from economic data, but were, in some cases, based on arbitrarily delineated river systems.”
()





a macroregional boundary cb as a coefficient to the cost of a one-kilometre journey that
does not cross a boundary.

() Cost-weighted great-circle distance:

dc = ∆σ + nbcb

In effect, this adds a penalty of cb kilometres to a journey for every border it crosses.
Put another way, the hypothetical traveller will go cb kilometres out of her way to avoid
crossing a macroregional border. But what is a reasonable value for cb?

e surprising result is that the adjustedR2 value for a linear model using geospatial
distance to predict morphospatial distance (just like fig. .) is maximized for cb ≈ 1.
In other words, the naïve great-circle distance of fig. . is beer than the domain-
knowledge-informed cost-weighted distance metric. Figure . shows the relationship
between cb and adjusted R2.

Figure .: Cost-weighted distance: percentage of variance explained (adjusted R2) as
a function of the cost coefficient for boundary-crossing (cb)
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Simply put, the distance measure that best predicts morphospatial distance is dis-
tance as the crow flies. No maer how plausible an alternative geospatial distance meas-
ure is posited, we can say nothing more than this: we can understand a relatively small,
but significant, part of the nature of a variety’s tone system in terms of great-circle dis-
tance between the varieties.

.. Summary

is section has examined the relationship between distance in the morphospace
and other notions of distance, namely distance over a linguistic family tree, and two
measures of geographical distance. e purpose of this was to examine the relationship
between the morphospace of Sinitic tone systems and other, independent facts about the
varieties in question. e verdict is this: a substantial portion (20%– 50%) of the variance
in the data is predictable in terms of a Language-external factor, such as geography or
genetic relatedness (inextricable as they are from each other).

Note that I do not assert that this portion of the morphospatial distance was caused
by geospatial distance, but simply that wemay understand this portion of morphospatial
distance in terms of geospatial distance. is is not a fine distinction: in ideal-typology,
to have an explanation of something is emphatically not to understand its cause. It is to
understand the nature of that thing in different terms – different at least from the terms
in which one first grasped it. If an explanation is good, it is only good in that the new
understanding beers one’s relationship with the thing. What counts as beerment, of
course, I shall leave in the eye of the beholder.

What I have described in the previous section should be taken as a view on the Sinitic
tonal Sachverhalt. Other views are possible: a phonetician’s view might focus on the
pitch contours, a historical linguist’s view might focus on the retention and innovation
of tonal contrasts (or lack thereo), the synchronic phonologist’s view might focus on
the effects of tone sandhi, and so on. Any Sinitic variety may then act as the figure
against the ground of these six features: it is only by them that we may ask of a variety
‘What sort of tone system does it have?’.

e parable of the blind men and the elephant comes to mind.





. Conclusion

is chapter was born in part of the desire to find a way of measuring the similarity
of tone systems. From this, I worked backwards to describe the domain in which the
similarity is to be measured. is domain is not an explanation of mental structure, HLF
or otherwise. It is a measure of relatively raw sense data: I did not aempt a model of
how these tones are represented in the minds of speakers.

Where twomodern systems of contrast are similar, I have considered that something
worth explaining. I give primacy to explanations that cohere with other bodies of know-
ledge. For that reason, I do dip into history and geography for some of my nomenclature.
is is patently unexplanatory in the terms of the generative-parametric paradigm, but
if I have accomplished my goal in chapters  to , I will have dispelled the notion that
those terms are appropriate for use in comparative linguistics.

We have seen in this section some of the questions that can be asked when a typolo-
gical morphospace is defined. In particular, a low-dimensional morphospace is import-
ant not only because it is more fit for human consumption, but also because the new
dimensions can be measured and ordered by how much inertia (variance) they explain –
relatively non-explanatory dimensions are discarded, on the assumption that they rep-
resent noise in the data. In the paradigm of ideal-typology, these dimensions are neither
a priorimental nor a priorimaterial, nor are held to be causes or effects. In this way, they
may serve as a common currency of explananda among diverse theories of Language.
Of course, the ideal-types are themselves explanantes for the typological Sachverhalt.

Part of the interesting work of ideal-typology is relating the categories (ideal-types)
it constructs with those constructed by other paradigms. We saw an example of how we
might use historical and geographical theories to inform an analysis produced within
the assumptions of ideal-typology in section ... e categories are incommensur-
able, to be sure, but they are not incomparable (for more on this distinction, refer to the
discussion of incommensurability in section .). Comparison of these ideal-types with
the kinds of other paradigms is not only possible, but desirable: it is doubtful that con-

Recall that ideal-typology is not any particular analysis or explanation of a linguistic phenomenon,
but rather a set of assumptions – a paradigm in which analysis and explanation can be done.





cerns internal to a historical science can or should be the sole standard of interpretation
for its ideal-types.





Chapter 

Typological reality, typological explanation

Our mind is frail as our senses are; it
would lose itself in the complexity of
the world if that complexity were not
harmonious; like the short-sighted, it
would only see the details, and would
be obliged to forget each of these
details before examining the next,
because it would be incapable of
taking in the whole. e only facts
worthy of our aention are those
which introduce order into this
complexity and so make it accessible
to us.

(Poincaré  [], )

. Introduction

We have now come almost to the conclusion of this enterprise. I spend this final
chapter reviewing the course this work has taken, and highlighting what I believe to be
the most important aspects of ideal-typology. Finally, I present an imagined dialogue
detailing some criticisms of the project I have undertaken, along with my responses to
the same.

. e story so far

We are unable to learn about the true shape of HLF from typological investigation
alone. e best that we may hope to accomplish is to enumerate possible linguistic
structures at various levels of abstraction, and even then not exhaustively so. Crucially,
we lack typological evidence that would allow us to distinguish a true non-language





from an accidental gap. is was the subject of chapter .
Chapter  showed that subjecting our hypotheses to quantitative testing cannot save

our methodology from circularity unless the data used to test the hypotheses are inde-
pendent of those used to form the hypotheses. Without the ability to conduct experi-
ments, there is no bridge over the divide between what is and what might have been:
we have no confidence that our conclusions regarding HLF are an indication of HLF
as a natural kind. No way of ‘crunching the numbers’ will enable us to do anything
but describe those languages given to us by the caprices of fate. If we want the kind
of all-and-only description of HLF that the generative-parametric paradigm aspires to,
we should study this directly: are putatively impossible languages learnable in the same
way that extant languages are? A psycholinguistic (Culbertson and Adger ) or neur-
olinguistic investigation (Moro ) could answer these questions, but a typological one
alone cannot.

Is there then a role for the typologist? Yes, emphatically so. Even though we cannot
characterize HLF exhaustively by observation of the typological Sachverhalt, there is still
something to be gained in studying linguistic diversity other than the characterization
of a subset of possible languages. But to do so requires the methodology of a historical
science, rather than an experimental science. In order to make irrelevant the problems
of induction and systemic bias presented thus far in this work, we must remove from
typological inquiry the unachievable goal of a characterization of HLF.

I have called my aempt at reformulating comparative linguistics as a historical sci-
ence ideal-typology. In ideal-typology, we flaen the contrast between necessary and
accidental: to adjudicate for one or the other is to make a judgement of causation, while
a historical science can give us only correlation. To give an idea of how ideal-typology
might be practised, I gave an extended example in chapter  of an analysis made within
the paradigm of ideal-typology. I showed the method: (i) encode the data, (ii) construct
ideal-types, and (iii) interpret the types according to domain-knowledge. As I discussed

Of course, other types of evidence exist that may bear on the question, e.g. psychological data, neur-
ological data, etc.

In chapter  I constructed dimensions rather than types. Dimensions, however, imply the existence
of ideal-types at their extremes.





in chapter , one moves backwards and forwards through these steps heuristically, in
order to generate the most useful analysis. Since the analysis consists of hypotheses,
these hypotheses may be tested, as I did in section .. is activity is, however, not
part of ideal-typology proper, but is rather conducted within the paradigms of adjacent
fields of inquiry.

. e reality of a historical science

If we take reality to be the ideal end of inquiry carried out to infinite extent, what
can we consider real about HLF? Given that we may only infer the presence of a cer-
tain linguistic feature in HLF if we observe it in the world (at an appropriate level of
abstraction), we might imagine that, in the fullness of time, the true shape of linguistic
reality would emerge. All that is possible must come to pass in an infinitude of time,
aer all. Unfortunately for this hope, there is no reason to believe that all states of the
world may lead to all others. In fact, there may be certain states that can never obtain
due to the present state of the world – as if Nature has burned some bridges. So on a
pragmatist notion of reality, the exhaustive characterization of HLF in spite of the state

of the world belongs to the realm of idle speculation. ere is no fact of the maer, so
what can profitably be said?

To explain further, let us examine the aitude of a typical study in the tradition of
the generative-parametric paradigm. Here I am not aempting to define or describe
ideal practice, but rather the typical practice, i.e. the ideology transmied in the typical
training given to fledgeling practitioners. Such studies are conventionally presented as
an argument for a particular analysis of a linguistic phenomenon (usually one which
has proven intractable, and therefore requires a relatively minor modification to theory
to accommodate). How are we to take arguments like these? As statements of the truth
of the existence of the theoretical entities employed in the analysis? As exhortations
to employ these abstractions? As opinions that believing in these theoretical objects is
useful?

Some readers may find this quietism unpleasant. I hope they find it reassuring that much may still
be said about HLF based on the results of inquiries in the experimental sciences.





My best summary of the ideology of all the paradigms of linguistic inquiry I have
examined in this work is that, as far as the structure of Language is concerned, there
is a fact of the maer, and that our theories are (one hopes) ever-beer approximations
to the truth. Whether or not we may only approach the truth asymptotically, given
our intrinsic temporal limitations, is beside the point of the existence of such a truth.
It remains that the goal of the enterprise must be to discover the truth about a set of
givens, in this case, the peculiarities of HLF. If scientific inquiry did not purport to draw
us from ignorance towards illumination, it would be mere vanity or charlatanism.

In any inquiry in the broadly realist tradition, theory always ‘bumps up against’
data, and the theory is supposed to conform to the dents le in it by its collision with
the hard edges of what is unmalleable. is is what scientific realists refer to as truth,
and it constitutes the standard by which the ‘check’ portion of the ‘guess-and-check’
methodology of normal science is judged.

is is the notion of the real which scientific training instills in us. And as appro-
priate as it is for an experimental science, it is this notion which so poorly describes
the process of a historical science such as evolutionary biology, geology, or comparative
linguistics, which are all by necessity done by a method of ‘educated-guess-and-hope’.
ere is no capital-T Truth here – it is not so much that the mind of the observer affects
the observation, but rather that the world in which the observer stands itself plays an
integral role in the explanandum. And yet we would have a world-independent theory:
one which would be true for all humans in any possible world where humans are hu-
mans. is is perfectly appropriate for the characterization of HLF: the psychological
theory of Language. But for the study of Language in the world, it is inadequate.

e notion of a world-independent reality is the problem here. It is fundamentally
incompatible with the practice of comparative linguistics. For us as practitioners of a
historical science, there is no such thing on offer. We seek aer a different prize: the
theories of ideal-typology are orderings of the typological Sachverhalt, not assertions of
the nature of HLF or of Language. is is not an excuse to give up rationality: historical
sciences are still expected to participate in the rigours of intellectual life in general,
especially in that they generate hypotheses that experimental sciences can test.





. Explanation in ideal-typology

Let us consider the o-stated goal of the classical generative paradigm and
generative-parametric paradigm: explanatory adequacy. is, if you recall Chomsky
(), is to be preferred to adequacy merely observational or descriptive. What must
be adequate, of course, are our theories. Chomsky conceives of these three levels of
adequacy as follows: observational adequacy occurs when, what we observe, we are
told by our theory to expect; descriptive adequacy when the theory distinguishes what
may be from what may not be; and explanatory adequacy when the theory “selects [a]
grammar over all others, given primary linguistic data with which all are compatible.”
(Chomsky , )

e utility of these notions in guiding our inquiry into the question of how we come
to acquire an I-language is evident. As discussed in chapter , an individual’s linguistic
competence is integrally composed both of knowledge of what is possible to say, and of
knowledge of what is impossible to say. is alone calls for at least a descriptive level
of adequacy in our theories. To answer the question of learnability, the condition of
explanatory adequacy is useful: why this grammar and not another? ese are questions
the child must answer, and therefore so must the theory of learnability.

Let us contrast this with the situation with which we are confronted in the study of
the nature of linguistic diversity. We ask: what constrains the form of the languages we
encounter in the world? It is plain that accident must play a role, albeit one we consider
unimportant relative to a principle determining the possible forms of Language (e.g. the
structure of HLF). is principle would be logically independent of the particular social,
political, and economic facts of our world – the principle would apply to any world in
which humans are humans. is is the separation of the necessary from the accidental,
and it is, in this case, impossible.

e problem with our search for a world-independent principle of order is that we
would not know one if we saw one. ere is no way for us to distinguish principle from
contingency. In our case, we wish to know whether a given linguistic phenomenon





arises from the structure of themental substrate or the contingent facts of history. ose
who seek to explain Language must pay heed to this fact: wondering whether, in some
counterfactual history, our speech could have been otherwise is as idle as wondering
whether other facts of our lives might have been otherwise.

In sum, the notion of explanation which we bring to the study of linguistic variation
is an inappropriate one. If we are to make sense of comparative linguistics, we must
return to it with a new sense of what it means to explain a typological fact. is has
been the central task of this work: to reimagine explanation in such a way as to rescue
comparative linguistics from the twin ills of the Icarian flight of groundless speculation
and the scientifically unsatisfying ‘heavy path’ of mere description.

Recall now that our goal is to understand the nature of linguistic variation. e
notion of ‘understanding linguistic variation’ requires some unpacking: let us as an
initial step give it the intuitive definition of ‘being able to recognize the relationship of
any one member of the system to the system as a whole’.

Having defined understanding as involving a relationship between members of the
system we wish to understand, we must consider what kind of relationship we are in-
terested in learning more about. Aer all, there are many possible relationships that
we might investigate, but that are irrelevant to our interests. In chapter , for example,
I examined Chinese tone systems. In doing so, I could have investigated the relation-
ship between the hànyŭ pīnyīn romanizations of each language variety, although this is
plainly irrelevant to our purposes.

Other relationships are less plainly irrelevant, but we may nevertheless choose to ig-
nore them (perhaps only at this stage of our knowledge) in pursuit of understanding still
other relationships. As discussed above, for example, I ignore the phonetic values of the
tones themselves in favour of the contrasts between the tonal classes. Of course, others
will doubtlessly have other interests. is is unproblematic. e pragmatic programme
is explicitly pluralistic: many analyses of the same data can coexist, and will be judged
according to their merit in the marketplace of the useful – their cash-value: “eories

Of course, there are useful intuitions that we may employ. Ideal-typology is meant to give structure
to these intuitions by allowing us to generate hypotheses which may be tested in the relevant, extra-
typological domains.





thus become instruments, not answers to enigmas, in which we can rest. We don’t lie back
upon them, we move forward, and on occasion, make nature over again by their aid.”
(James , , emphasis in original)

e tools by which we characterize the relationships between objects in a system are
the intextricable notions of similarity and difference. ese notions must be appropri-
ately formalized in order to aid us in our quest for understanding, however: resemblance
to the naked eye is not what we seek. If we were satisfied with this, we would need no
theory other than our common-sense understanding of the world as presented to us. So
it is not any type of similarity between objects that we wish to formalize, but rather
similarity of a particular type, one that is germane to our interests.

An example may be of help here. Imagine an artist who wishes to paint a landscape
full of colourful flowers, but who has only three tubes of paint: a tube of red paint, a
tube of blue paint, and a tube of yellow paint. She does not have the tools to represent
directly the innumerable variety of colours which confronts her in the world. She is in
need of theory – an understanding of the colours which she wishes to paint in a way
consonant with the tools she has. Her theory will consist in the relationships between
the various colours, and these relationships will be constituted out of notions of simil-
arity and distance. ese notions will not be arbitrary, but rather be based on pragmatic
factors: how much more or less like the colour of her blue paint is the colour of the sky
than the colour of the grass? How much more or less like the colour of her red paint is
the colour of that daisy than the colour of this rose? With these notions, she can then
manipulate the world in a way that helps her achieve her aims, namely by painting the
landscape she sees. is manipulation is impossible without theory: if there is no notion
of ‘X is more blue than Y’, the impulse to add blue to the colour she is mixing on the
palee would be inconceivable.

In chapter , for example, I measured similarity in terms of how Sinitic varieties pre-
served or effaced contrasts between historical tone classes. Such a notion of similarity
furthers the interest of establishing a ‘space of variation’ (the morphospace) in which
the tone systems exist as systems, without respect to the phonetic content of the tones
involved in the systems. One complementary investigation would examine the relation-





ship between tone system similarity as defined in chapter , and mutual intelligibility of
the varieties in general – a comparison of the twomeasurements would be enlightening.

We see in these examples that the notions of similarity that we wish to employ may
be many; that they depend not only on our capacities, but on our aims, as well as the
domain in which our aims are to be achieved. In typology, the domain will always be,
by definition, some set of facts about linguistic diversity. Our capacities – our tools
– are the ordinary cognitive capacities of human beings, including the limitations of
working memory. Our aims, as discussed at the beginning of this section, are always to
understand.

. Frequently asked questions

 : You have wrien that the generative-parametric paradigm
deals with non-projectible predicates. But it has been so successful at identi-
fying broad parameters such as that of head-directionality. Since you accept
ine’s () argument that “[i]n induction, nothing succeeds like suc-
cess” (), why do you not accept the success of the generative-parametric
paradigm as evidence that typological predicates are projectible?

. . : e success of the generative-parametric paradigm is impressive,
but it is local in character. Once it reaches an adequate characterization of
the typological Sachverhalt as it is now, it comes to an end. And my point
is that HLF does not come to an end – it is capable of generating languages
other than the ones we have (and know about) now. If Pericles were a lin-
guist, his theory of HLF would not have permied polysynthesis. And this
is no fault of Pericles: any linguist at any point in human history faces the
same essential limitation. Wemerely do not recognize it in our own, because
we have expanded our store of languages rapidly over the past century. But
a few thousand languages, most of which are easily connected with others
by links of common descent, is not an adequate sample by which to judge

My thanks both to Andrew Carnie and to Heidi Harley for independently suggesting this possibility
to me.





the breadth of HLF.
..: If I am convinced by your critique of the generative-parametric paradigm,

what is the point of doing comparative linguistics at all? Should I stop alto-
gether?

...: Never stop! e insights we have gained with the generative-parametric
paradigm are still insights, but what I propose is that they are not insights
into HLF, at least not necessarily so. I do not wish to assert psychological
status to any of the findings of comparative linguistics unless they are con-
firmed by psychological experiments. Wemake an exception for what I have
called elsewhere in this dissertation the ‘trivial’ facts of the existence of some
psychological phenomenon. e reason I propose ideal-typology as an al-
ternative to the generative-parametric paradigm is that it allows us to keep
the kinds of results that the generative-parametric paradigm yields, but re-
mains agnostic as to whether they are mental, historical, geographical, etc.
in nature.

..: You write of seing up domain-agnostic ideal-types to explain phenomena,
but this seems entirely unnecessary in the cases – and there are many –
where perfectly good functional explanations already exist. Why add this
superfluous, intangible explanans where a physical – or at least psycholo-
gical – one already exists?

...: is promiscuity of explanation that you decry rests on a hidden – and
erroneous – assumption about what explanation is for. is assumption is
that an explanation asserts a causal relationship between the explanans and
the explanandum. First, if we are good empiricists (as those who advance
functional explanations tend to be), we should be sceptical of assertions of
cause (following Hume  []). Second, a cause (if it is knowable) may
be necessary but not sufficient, in which case multiple causation could be
an appropriate analysis. Finally, and most importantly, asserting a causal

ese facts are of course entirely non-trivial to the classical generative paradigm, but for ideal-
typology, the existence of a phenomenon is of less interest than its distribution.

Is, e.g., polysynthesis caused exclusively by psychological facts? I wish only to suggest that scepticism





relationship is only one type of explanation, and not always the best one.
e type of explanation that is most appropriate will depend on the interests
of the audience of the explanation (van Fraassen ).

..: You’ll have to give me an example, I’m afraid.
...: Take the head-directionality parameter: it is entirely reasonable to hold

the opinion that consistency in branching direction (for example) arises from
parsing pressure, and that there exists a parameter of branching direction
that says nothing about parsing whatsoever. If you are looking to character-
ize the overall contribution of the human cognitive system to the structure
of Language, then the former is more appropriate. If, on the other hand,
you wish to understand the mechanism by which head-directionality comes
about, the laer will likely be more fit to the task. e trick is not minding

holding both: explanations are not mutually exclusive, a theory that ascribes
a fact to HLF need not deny it to other explanantes (see section .).

. Conclusion

One of the main themes of this dissertation is an argument against inference from
typological generalizations to facts about human language faculty (HLF). My argument
comes largely from the empiricist tradition in epistemology: induction over typological
classes does not yield lawlike generalizations (aer Hume  []) because typolo-
gical classes are not natural kinds. e positive side of it is that I reconstruct typological
theory as a scheme of cognitive organization of facts about languages (in the world)
rather than about Language (in the mind). I explicitly do not distinguish Language-
internal from Language-external explanation, but rather treat typological explanation
as a pragmatic, interpretive exercise rather than an aempt to make causal claims.

My aim is to show that the kinds of theories an ‘idealist’ sort of typology can come
up with allow us a common currency in which we can judge among different types of
explanations, from whatever corner (from the properties of modular cognition, general

is the appropriate response to such a question for a typologist.
e example is from Dryer (), although the use to which I put it is decidedly not.





cognition, physical constraints, properties of social organization, etc.) they happen to
come. I think this is desirable because we have no way of knowing a priori what kind of
fact a typological fact is: the result of something lawlike, ormerely a contingent property
of history.

e usual ontology of the classical generative paradigm is that Language, in the in-
teresting sense, is a state of HLF. is has to be ‘in the head’: HLF and its rules are what
I have been calling a mental kind. Chapters  to  were devoted to establishing that this
ontology is a bad fit for how typology works. A crude analogy: as HLF is to psychology,
so typology is to history. When we ask ’what caused history to be the way it has been?’,
we cannot rely solely on psychological facts, because we have warrant to believe that
other facts play a role: climate is a good example. Dio for the question ’what caused
the typological Sachverhalt to be the way that it is?’ We cannot say that HLF (or cog-
nitive powers of any kind) caused the typological Sachverhalt to be the way that it is,
because we have good reason to believe that other facts play a role: physical constraints
are plausible causes, for example, of so much of phonetic paerning. So for any given
typological fact, the cause is underdetermined. It could be cognitive (a mental kind)–it
could be physical (a material kind). It could be something we are unaware of, that we
merely call chance (also a material kind), that caused the typological Sachverhalt to be
the way it is.

If we had stopped aer chapter , the situation for typological explanation would
look grim – assuming, of course, that my arguments had impressed the reader. Chapter 
aempted to reconstruct comparative linguistics in a way that eschewed talk of natural
kinds by recasting typological explanation not as a relationship between typological
facts that are caused, and independent facts (internal or external to Language) that are
causers, but rather between typological facts and the audience of explanation. Compar-
ative linguistics is on this view an interpretive exercise. Oen we say things like ‘we
don’t need UG to explain typological paern X, because of a general cognitive fact’ or
‘because of a fact of the way speech works physically’, etc. What I suggest is that we
may need all of these kinds of devices, or none, depending on the type of explanation we
want. I don’t merely mean to say that we should speak differently to the lay community





than we do to practitioners, although we should. What I mean is that no explanation
weakens any other. ere is no such thing as superfluity of explanation, because unlike
with causes, there is no notion of a ‘necessary vs sufficient explanation’, except relative
to who we want to explain things to.

In short, the point of this dissertation was to show how a heterodox interpretation of
the typological enterprise can save generative-parametric paradigm from its own con-
tradictions, and to give an example of how the resulting ideal-typology works.





Appendix A

Agreement systems studied in Chapter 

Figure A.: e distribution of this study’s sample within A’s ten macro-areas
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Figure A.: e distribution of this study’s sample within A’s Africa macro-area
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Figure A.: e distribution of this study’s sample within A’s Eurasia macro-area
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Figure A.: e distribution of this study’s sample within A’s Australasian
macro-areas
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Figure A.: e distribution of this study’s sample within A’s North and Central
American macro-areas
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Figure A.: e distribution of this study’s sample within A’s South American
macro-area
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Appendix B

Multiple correspondence analysis of Sinitic tone systems

A large amount of data in this chapter I owe to the work of the late Sinologist Jerry
Norman, in particular his contribution to the Routledge volume on the Sino-Tibetan lan-
guage family (urgood and LaPolla ), an article (cited as Norman ). e com-
parative tone class data in the article (on which much of the present chapter’s analysis is
based) are drawn from the Peking University Department of Language and Philology’s
漢語方言字彙 Hànyŭ āngyīn zìhuì ‘Lexicon of Chinese dialectal phonology’ (cited as
Wang  []). Wang ( []) is a comparative lexicon of the pronunciation of
 characters in  varieties. Each character/morpheme is listed along with its tradi-
tional classification in the Yùnjìng.

For each morpheme, the segmental phonological representation in each variety is
given in IPA, alongwith a symbol denoting the tone class intowhich the daughter variety
has placed the morpheme. By comparing the symbols for tone classes in the daughter
varieties with the corresponding Yùnjìng symbol, we can generate a chart like the one
in table ., as was done by Norman in his (), which reviews the tone systems of
various Sinitic varieties.

e general methodology in Sinological studies, then, is the collection of data from
a native speaker of a variety (oen the author), followed by the identification of morph-
emes (i.e. characters), and finally the matching of the distinctive tone classes in the
variety with the phonological categories of the characters Middle Chinese. Where the
mapping is consistent, it is straightforward to assign a number to the tone class (although
the choice of number is somewhat arbitrary). Where the mapping is inconsistent, as is
the case for Bĕijīng Mandarin’s Tone IVa, which split at random amongst other tone

e Yùnjìng uses a six-character string to describe the phonological properties of a given morpheme:
each character in the six-character string represents a phonological category. Relevant for our purposes
are the first character, which represents the voicing of the syllable onset; and the fourth character, which
represents the Early Middle Chinese tone class (I, II, III, or IV) of the morpheme.





classes, or Guăngzhōu Yue’s Tone IVa, which split according to the length of the syllable
nucleus, it is the general practice to note the peculiarity.

e varieties described in Norman () are from Norman’s own field notes. I can-
not verify the circumstances of data collection, but it is reasonable to assume they par-
alleled the methodology of the varieties in Norman (). ese varieties are largely
undescribed in the literature, so Norman () is the best available source.

Table B.: Coordinates of varieties on MCA-derived dimensions, split at mean

Variety Dim.  Dim.  Dim.  Dim.  Dim.  Dim. 
Xī’ān 0.58 −0.50 0.33 −0.57 0.21 −0.64
Jĭnán 0.59 −0.15 0.09 −0.43 0.00 0.17

Bĕijīng 0.60 −0.10 0.02 −0.45 −0.11 0.67
Chéngdū 0.40 −0.82 0.63 1.01 −0.10 0.33

Dàlián 0.68 −0.24 0.17 −0.64 0.07 −0.05
Lánzhōu 1.57 1.16 −0.24 0.51 0.03 −0.13
Nánjīng 0.13 −0.25 0.08 0.21 0.01 −0.15

Yángzhōu 0.13 −0.25 0.08 0.21 0.01 −0.15
Xiàoyì 0.07 −0.19 −0.02 −0.02 −0.03 0.04

Méixiàn −0.08 −0.10 −0.17 −0.03 −0.14 0.08
Hépíng −0.12 −0.04 −0.28 −0.11 −0.49 0.31

Nánchéng −0.15 −0.12 −0.01 0.28 0.10 −0.30
Nánchāng −0.30 0.00 −0.31 0.06 1.22 0.39
Líchuān −0.34 0.11 −0.07 0.02 −0.01 −0.13
Shàowŭ −0.30 0.04 −0.23 0.00 −0.09 −0.02

ánzhōu −0.15 −0.04 −0.16 −0.03 −0.19 0.05
Cháozhōu −0.32 0.06 −0.20 0.00 −0.11 −0.02

Fúzhōu −0.34 0.11 −0.07 0.02 −0.01 −0.13
Xiàmén −0.34 0.11 −0.07 0.02 −0.01 −0.13

Chángshā −0.20 0.00 −0.11 0.02 0.06 −0.05
Shuāngēng −0.27 0.00 0.03 0.25 0.01 −0.31

Wēnzhōu −0.32 0.06 −0.20 0.00 −0.11 −0.02
Sūzhōu −0.34 0.11 −0.07 0.02 −0.01 −0.13

Shànghăi −0.68 0.88 1.29 −0.20 0.02 0.16
Guăngzhōu −0.31 0.05 −0.22 −0.04 −0.13 0.06
Jiāngyŏng −0.25 0.13 −0.30 −0.10 −0.20 0.11

e ‘characteristicness’ analyses listed in tables B. to B. were carried out by means
of the dimdesc function of the R package FactoMineR (Lê et al. ). e dimdesc
function measures correlation between a variable (i.e. a pair of tone classes, : not
an indicator) and a dimension. For each variable–dimension pair, I give means for each





indicator (µ0, µ1), the coefficient of determination (R2), and the p-value, where p ≤ 0.05.

Table B.: Variables characteristic of Northernness (Dimension )

Variable µ0 µ1 R2 p

[+] Tone Ib & [] Tone IVb −0.22 0.74 0.73 0.000
[] Tone Ib & [] Tone IVb −0.22 0.74 0.73 0.000

[+] Tone IVb & [] Tone IVb 0.81 −0.19 0.69 0.000
[] Tone IIb & [] Tone IIIa −0.28 0.53 0.66 0.000
[] Tone IIb & [+] Tone IIIa −0.28 0.53 0.66 0.000
[] Tone IIIa & [+] Tone IVb −0.16 0.86 0.60 0.000
[+] Tone IIIa & [+] Tone IVb −0.16 0.86 0.60 0.000
[] Tone IIIa & [+] Tone IIIb −0.32 0.37 0.52 0.000
[] Tone IIIa & [] Tone IIIb −0.32 0.37 0.52 0.000
[+] Tone IIIa & [+] Tone IIIb −0.32 0.37 0.52 0.000
[+] Tone IIIa & [] Tone IIIb −0.32 0.37 0.52 0.000

[] Tone IIb & [+] Tone IVb −0.16 0.67 0.47 0.000
[] Tone IIb & [] Tone IVa −0.06 1.57 0.44 0.000
[] Tone IIb & [+] Tone IVa −0.06 1.57 0.44 0.000
[] Tone IIIa & [] Tone IVa −0.06 1.57 0.44 0.000
[] Tone IIIa & [+] Tone IVa −0.06 1.57 0.44 0.000
[+] Tone IIIa & [] Tone IVa −0.06 1.57 0.44 0.000
[+] Tone IIIa & [+] Tone IVa −0.06 1.57 0.44 0.000

[+] Tone IIIb & [] Tone IVa −0.06 1.57 0.44 0.000
[+] Tone IIIb & [+] Tone IVa −0.06 1.57 0.44 0.000
[] Tone IIIb & [] Tone IVa −0.06 1.57 0.44 0.000
[] Tone IIIb & [+] Tone IVa −0.06 1.57 0.44 0.000

[+] Tone IIIb & [+] Tone IVb −0.15 0.64 0.44 0.000
[] Tone IIIb & [+] Tone IVb −0.15 0.64 0.44 0.000
[+] Tone IIb & [] Tone IIb 0.31 −0.31 0.43 0.000

Tone IIa & [+] Tone IIb −0.31 0.27 0.37 0.001
[+] Tone IIb & [+] Tone IIIb 0.11 −0.38 0.20 0.023
[+] Tone IIb & [] Tone IIIb 0.11 −0.38 0.20 0.023
[] Tone IVa & [+] Tone IVb −0.13 0.34 0.19 0.025
[+] Tone IVa & [+] Tone IVb −0.13 0.34 0.19 0.025

e sensitivity analysis discussed in section . is presented in table B..





Table B.: Variables characteristic of Tonothanasia (Dimension )

Variable µ0 µ1 R2 p

[] Tone IIb & [] Tone IVa −0.05 1.16 0.41 0.000
[] Tone IIb & [+] Tone IVa −0.05 1.16 0.41 0.000
[] Tone IIIa & [] Tone IVa −0.05 1.16 0.41 0.000
[] Tone IIIa & [+] Tone IVa −0.05 1.16 0.41 0.000
[+] Tone IIIa & [] Tone IVa −0.05 1.16 0.41 0.000
[+] Tone IIIa & [+] Tone IVa −0.05 1.16 0.41 0.000

[+] Tone IIIb & [] Tone IVa −0.05 1.16 0.41 0.000
[+] Tone IIIb & [+] Tone IVa −0.05 1.16 0.41 0.000
[] Tone IIIb & [] Tone IVa −0.05 1.16 0.41 0.000
[] Tone IIIb & [+] Tone IVa −0.05 1.16 0.41 0.000
[+] Tone Ib & [+] Tone IIb −0.04 0.88 0.24 0.012
[+] Tone Ib & [] Tone IIb −0.04 0.88 0.24 0.012

[+] Tone Ib & [+] Tone IIIb −0.04 0.88 0.24 0.012
[+] Tone Ib & [] Tone IIIb −0.04 0.88 0.24 0.012
[] Tone Ib & [+] Tone IIb −0.04 0.88 0.24 0.012
[] Tone Ib & [] Tone IIb −0.04 0.88 0.24 0.012

[] Tone Ib & [+] Tone IIIb −0.04 0.88 0.24 0.012
[] Tone Ib & [] Tone IIIb −0.04 0.88 0.24 0.012
[+] Tone Ib & [] Tone IVa 0.03 −0.82 0.21 0.019
[+] Tone Ib & [+] Tone IVa 0.03 −0.82 0.21 0.019

[+] Tone Ib & [+] Tone IVb 0.03 −0.82 0.21 0.019
[] Tone Ib & [] Tone IVa 0.03 −0.82 0.21 0.019
[] Tone Ib & [+] Tone IVa 0.03 −0.82 0.21 0.019

[] Tone Ib & [+] Tone IVb 0.03 −0.82 0.21 0.019
[] Tone IVa & [] Tone IVb 0.07 −0.29 0.15 0.048
[+] Tone IVa & [] Tone IVb 0.07 −0.29 0.15 0.048

Table B.: Variables characteristic of Yáng-merger (Dimension )

Variable µ0 µ1 R2 p

[+] Tone Ib & [+] Tone IIb −0.05 1.29 0.61 0.000
[+] Tone Ib & [] Tone IIb −0.05 1.29 0.61 0.000

[+] Tone Ib & [+] Tone IIIb −0.05 1.29 0.61 0.000
[+] Tone Ib & [] Tone IIIb −0.05 1.29 0.61 0.000
[] Tone Ib & [+] Tone IIb −0.05 1.29 0.61 0.000
[] Tone Ib & [] Tone IIb −0.05 1.29 0.61 0.000

[] Tone Ib & [+] Tone IIIb −0.05 1.29 0.61 0.000
[] Tone Ib & [] Tone IIIb −0.05 1.29 0.61 0.000

[] Tone IIb & [+] Tone IIIb −0.22 0.10 0.20 0.022
[] Tone IIb & [] Tone IIIb −0.22 0.10 0.20 0.022





Table B.: Variables characteristic of Tone IV-split (Dimension )

Variable µ0 µ1 R2 p

[+] Tone Ib & [] Tone IVa −0.04 1.01 0.39 0.001
[+] Tone Ib & [+] Tone IVa −0.04 1.01 0.39 0.001

[+] Tone Ib & [+] Tone IVb −0.04 1.01 0.39 0.001
[] Tone Ib & [] Tone IVa −0.04 1.01 0.39 0.001
[] Tone Ib & [+] Tone IVa −0.04 1.01 0.39 0.001

[] Tone Ib & [+] Tone IVb −0.04 1.01 0.39 0.001
[] Tone IVa & [] Tone IVb −0.09 0.39 0.35 0.001
[+] Tone IVa & [] Tone IVb −0.09 0.39 0.35 0.001

Tone IIa & [] Tone IVa 0.05 −0.60 0.29 0.004
Tone IIa & [+] Tone IVa 0.05 −0.60 0.29 0.004

[+] Tone IIb & [] Tone IVa 0.05 −0.60 0.29 0.004
[+] Tone IIb & [+] Tone IVa 0.05 −0.60 0.29 0.004
[] Tone IVa & [+] Tone IVb −0.10 0.27 0.26 0.008
[+] Tone IVa & [+] Tone IVb −0.10 0.27 0.26 0.008

[+] Tone IVb & [] Tone IVb −0.32 0.08 0.23 0.013
Tone Ia & [] Tone IVa 0.04 −0.50 0.20 0.021
Tone Ia & [+] Tone IVa 0.04 −0.50 0.20 0.021

Table B.: Variables characteristic of Tone III-shuffle (Dimension )

Variable µ0 µ1 R2 p

[+] Tone Ib & [] Tone Ib 1.22 −0.05 0.79 0.000
[+] Tone Ib & [] Tone IIIa −0.05 1.22 0.79 0.000

Tone IIa & [+] Tone IIIa −0.05 1.22 0.79 0.000
[+] Tone IIb & [+] Tone IIIa −0.05 1.22 0.79 0.000
[] Tone IIIa & [+] Tone IIIa 1.22 −0.05 0.79 0.000

[] Tone IIb & [+] Tone IIIb −0.18 0.08 0.20 0.023
[] Tone IIb & [] Tone IIIb −0.18 0.08 0.20 0.023





Table B.: Variables characteristic of Tone IV-entropy (Dimension )

Variable µ0 µ1 R2 p

[] Tone IVa & [] Tone IVa 0.67 −0.03 0.29 0.005
[+] Tone IVa & [+] Tone IVa 0.67 −0.03 0.29 0.005

Tone Ia & [+] Tone IVb 0.03 −0.64 0.26 0.007
[] Tone IVa & [+] Tone IVb 0.07 −0.19 0.22 0.016
[+] Tone IVa & [+] Tone IVb 0.07 −0.19 0.22 0.016

[] Tone IVa & [+] Tone IVa 0.37 −0.03 0.18 0.031
Tone IIa & [] Tone IVa 0.03 −0.35 0.16 0.044
Tone IIa & [+] Tone IVa 0.03 −0.35 0.16 0.044

[+] Tone IIb & [] Tone IVa 0.03 −0.35 0.16 0.044
[+] Tone IIb & [+] Tone IVa 0.03 −0.35 0.16 0.044





Table B.: Sample sensitivity: correlation between a MCA model derived from the
sample with one variety removed, and the full sample model, for all languages

Variety removed Correlation (ρ) with full model p

Xī’ān 0.9838 < 0.001***
Jĭnán 0.9975 < 0.001***

Bĕijīng 0.9915 < 0.001***
Chéngdū 0.9912 < 0.001***

Dàlián 0.9931 < 0.001***
Lánzhōu 0.9863 < 0.001***
Nánjīng 0.9981 < 0.001***

Yángzhōu see Nánjīng
Xiàoyì 0.9999 < 0.001***

Méixiàn 0.9996 < 0.001***
Hépíng 0.9975 < 0.001***

Nánchéng 0.9989 < 0.001***
Nánchāng 0.9870 < 0.001***
Líchuān 0.9988 < 0.001***
Shàowŭ 0.9998 < 0.001***

ánzhōu 0.9997 < 0.001***
Cháozhōu 0.9994 < 0.001***

Fúzhōu see Líchuān
Xiàmén see Líchuān

Chángshā 0.9999 < 0.001***
Shuāngēng 0.9976 < 0.001***

Shànghăi 0.9871 < 0.001***
Guăngzhōu 0.9983 < 0.001***
Wēnzhōu see Cháozhōu

Sūzhōu see Líchuān
Jiāngyŏng 0.9993 < 0.001***





Glossary

affix directionality

In DM, the theory that affixes are prespecified as prefixes or suffixes. , –,


Agr morpheme

A morpheme in the verbal domain that encodes some features of either the verb’s
subject or object. –, –, , , , , –, , , , ,
, 

AgrO

e overt realization of a object agreement morpheme. , , –, –,
–, , , –, , , , , , , , , , 

AgrO0

e (putative) syntactic head which hosts object agreement features. , , ,
–, , , , , –

AgrS

eovert realization of a subject agreement morpheme. , , –, –,
–, , , –, , , , , , , , , , 

AgrS0

e (putative) syntactic head which hosts subject agreement features. , ,
, , –, , , , , –

analytic proposition

A proposition in which “the predicate B belongs to the subject A as something
contained (though covertly) in the concept A” (Kant  [], –), such as the
classic example ‘All bachelors are unmarried.’ Analytic propositions are true (or
false) by definition, and require no reference to maers of fact. 

i-squared test

Properly, Pearson’s χ2 test. A statistical test of the hypothesis that an observed
sample of categorical variables is drawn from a hypothetical distribution (χ2 test
of goodness of fit), or a test of the hypothesis that two categorical variables are
independent (χ2 test of independence).. , , , , , , , , ,
, , 





classical generative paradigm

A paradigm in linguistic inquiry whose characteristic tenet is that some know-
ledge of language (HLF) is innate, and the task of inquiry is to characterize this tacit
knowledge. Representative examples: Chomsky (), Ross (), and Chomsky
() in syntax; and Halle (), Chomsky and Halle (), Goldsmith (),
and Clements () in phonology. –, , , , , , , , , –,
–, , , , , , , , , , , –, 

comparative linguistics

‘Typology’ in the sense of the study of the typological Sachverhalt. , , , ,
, , –, , , , , , , , , , 

direct effect

In an association among three variables X, Y, and amediating variableM, the effect
of X on Y which remains aer M is controlled for. , 

Distributed Morphology (DM)

A realizational morphological theory introduced in Halle and Marantz ()
whose central tenet is that word structure is fundamentally the same sentence
structure. , , , , , , , , , , , 

experimental science

A field of inquiry where it is possible to conduct experiments by repeatedly
sampling from a population. In this way, hypotheses can be tested on data that
were not involved in their formulation. When such hypotheses repeatedly do not
fail, we tend to conclude that they are in some sense stable and represent features
of the world. is accounts for the claims of experimental science to discover nat-
ural kinds, because their putative natural kinds have been given the chance to fail,
but have not done so. , , , , , , , , , , , , –, ,
, 

explanandum

A set of facts to be explained. e choice of which facts are explananda is relative
to the paradigm in question. , , , , , , , , , , , 

explanans

A fact or theoretical device adduced to explain some explanandum within a
paradigm. , , , , , 





Faculty of Language - Broad (FLB)

In recent biolinguistic approaches to the classical generative paradigm, desig-
nates “an internal computational system [FLN ] combined with at least two
other organism-internal systems, which we call ‘sensory-motor’ and ‘conceptual-
intentional.”’ (–) Comparable to – although broader in scope than – UG,
or, in the terms of this dissertation, to HLF. , , , 

Faculty of Language - Narrow (FLN)

In recent biolinguistic approaches to the classical generative paradigm, “FLN is the
abstract linguistic computational system alone, independent of the other systems
with which it interacts and interfaces”. (). , , , 

falsificationism

e doctrine that falsifiability of hypotheses is definitional of science. , , ,


falsificationist

See falsificationism. , , , , 

Fisher’s Exact Test

A statistical test of the hypothesis that two samples of categorical data were drawn
from the same distribution (test of independence). Used in preference to chi-
squared test for small sample sizes. , , , 

Fission

In DM, an operation applied to morphosyntactic feature bundles, which removes
a feature from the bundle and allows it to be expressed separately from the other
features in the bundle. See () on page  for a formal definition. , ,
–, , , 

Fission hypothesis

In the context of chapter , the hypothesis that the observed distribution of verbal
morpheme orders is caused by the application of constrained morphological op-
erations rather than by the hierarchical position of syntactic heads hosting agree-
ment features. , , , , , , , , 

functionalist-typological paradigm

A loose paradigm in linguistic inquiry identifiable only by Wigensteinian family
resemblance: characteristic tenets are (a) that nothing more than general cognit-
ive ability is needed in order to explain language acquisition (empiricism), (b) that





explanations for grammatical facts are preferably to be sought from domains ex-
ternal to that of the theory of grammar (reductionism), (c) that the form of gram-
mar arises from its function (functionalism), (d) that grammar is shaped by usage
(usage-based grammar), and (e) that very few language universals exist which
are exceptionless, synchronic, or proper to Language (weakness of universals).
Representative examples: Bybee (), Payne (), Dryer (), Bickel (),
Blevins (), Bybee (), Haspelmath (). –, , , , , , , –
, , 

generative-parametric paradigm

A paradigm in linguistic inquiry whose characteristic tenet is that proposals about
the structure of HLF are directly testable by means of an examination of the typo-
logical Sachverhalt, and proposals about the typological Sachverhalt should be ex-
pressed in terms of the theory of HLF. Representative examples: Chomsky (;
;  []); Prince and Smolensky ( []); Lightfoot (; );
Kayne (); Baker (); Fodor (); Roberts and Holmberg (). , ,
–, , , , , –, , , , , , , –, , , , , , , ,
, –, , , , , , , , , , , , , , , ,
, 

head movement

A syntactic operation whereby a terminal node moves to another, local terminal
node. e characterization of ‘local’ has been a major topic in the classical gener-
ative paradigm and the generative-parametric paradigm. See () on page  for
a formal definition. , –, 

historical science

A field of inquiry where it is impossible to conduct experiments by repeatedly
sampling from a population, because the sample exhausts the population. As a
result, the testing of hypotheses generated from the sample is inevitably circular,
because the test will be performed on the sample. Because true experiment is
impossible, there is no way for historical science to find natural kinds. Instead, as
Weber ( []) suggests, it should pursue instead ideal-types. , , , ,
, , –, , , , , , 

human language faculty (HLF)

atwhich is brought to the acquisition process by humans by virtue of their being
human. e mental object which underlies linguistic competence; the explanans
of both the classical generative paradigm and the generative-parametric paradigm.
See also UG (Chomsky ), and FLN and FLB (Hauser et al. ). –, –
, –, , , , , –, –, , , –, –, , , –, –,
–, , , , –, –, , , , –, –, –





ideal-type

An abstract entity for use in historical sciences, where experiment cannot reveal
natural kinds. It is ‘ideal’ in that it does not exist in the world; rather, ideal-types
delineate the conceptual space in which the phenomena under investigation exist.
, , , , , , , –, , , , , , , , , 

ideal-typology

e paradigm which I advance in this dissertation: in it the structures of the lan-
guages of the world are studied in their own right without reference to their psy-
chological reality or functional basis. It involves positing systems of ideal-types
which bring order to the diversity of linguistic phenomena. is allows the study
of linguistic diversity to proceed along the lines of an interpretive historical sci-
ence rather than a predictive experimental science. , , , , , , , ,
, , –, –, , , , , , , , –, , , 

indirect effect

In an association among three variables X, Y, and amediating variableM, the effect
of X on Y that disappears when M is controlled for. , 

Inner Agr

A hypothesis about the ordering of syntactic heads in the verbal domain in which
AgrS0 and AgrO0 (in order of dominance) are both dominated by T0 and both
dominate V0. , , , –, 

Jaccard index

Ameasurement of similarity based on the proportion of binary features shared by
individuals.. , , , , , 

Language

Human language as an object of study, however it is construed by those who study
it.. –, , , , , , , , , , , , , , –, , , , , ,
, , , , , , , , , , , , , , , , ,
–, , , , 

linguistic competence

e ability of humans to use language productively and creatively. e explanan-
dum of the classical generative paradigm. , –, –, 

linguistic variation

e phenomenon of difference among aested languages; the union of all typolo-
gical Sachverhalte. e explanandum of the parametric paradigm. , , , ,
, –, –, , , , –, , , –, , , , , 





merger-under-adjacency

In DM, an operation taking place prior to spell-out which alters the linear order
of a syntactically-derived hierarchy of morphosyntactic feature bundles. See ()
on page  for formal definition. , –, 

morphospace

An “n-dimensional geometric [hyperspace] produced by systematically varying
the parameter values of a geometric model of form” (McGhee , ); the range
of variation inherent in a system, as conceived of spatially. , , , , ,
–, , , , , , , 

multidimensional scaling (MDS)

A technique for mapping a distance matrix onto an n-dimensional set of coordin-
ates. Oen n = 2 so that the results can be easily ploed. Compare PCA. ,
, –, , , , , , , –, 

multiple correspondence analysis (MCA)

In exploratory data analysis, a procedure by which high-dimensional data (dis-
crete variables) data are reduced to a smaller number of composite dimensions.
Compare PCA. , , , , , –, –, , , –, ,
, , , 

natural kind

A kind which supports inductive generalizations because it behaves predictably,
governed by natural laws (ine ). , , , , , –, , , ,
, , , , , 

Optimality eory (OT)

In the generative-parametric paradigm, a framework for the formulation of gram-
matical theories introduced in Prince and Smolensky ( []) and extended
in McCarthy and Prince (). See section .. for an extended description. ,
, , , , –, , , , , , , 

Outer Agr

A hypothesis about the ordering of syntactic heads in the verbal domain in which
AgrS0 dominates T0, V0, and AgrO0, in that order. , , , –, 

paradigm

A conceptual scheme according to which inquiry is conducted: a “strong network
of commitments – conceptual, theoretical, instrumental, and methodological ….





[which] provides rules that tell the practitioner of a mature specialty what both
the world and his science are like” (Kuhn , ). –, , , , , , , ,
, , , , , , , , , , , , , , –, –

principal component analysis (PCA)

In exploratory data analysis, a procedure by which high-dimensional data (con-
tinuous variables) are reduced to a smaller number of composite dimensions.
Compare MCA. , , , 

problem of induction

In epistemology, the problem (most famously expressed in Hume  []) that
inductive inference cannot be justified according to the standards of deductive
inference, i.e. the conclusion does not necessarily follow from the premises. Take
Hume’s example: by what do we justify the fact that bread that has nourished
us in the past will do so in the future? In the late th century, oen restated as
the new riddle of induction (Goodman  []), briefly statable as: Although
induction is deductively unjustifiable, we are willing to make some inductions far
more easily than others. What determines this? See natural kind. , –, –
, , –, , , , , , –, , 

quaternio terminorum

e logical ‘fallacy of four terms’. Refers to a syllogism which contains four terms
instead of the proper three. An example is the invalid argument: M → P and
S → N , therefore S → P . Oen the fallacy is hidden because M and N are
easily confused. , , 

Saverhalt

An actual or potential state of affairs. –, –, , , , , , , , ,
, , –, , , , , , , , , , , , , 

spell-out

In DM, the process by which bundles of morphosyntactic features are realized as
bundles of phonological features according to Vocabulary Insertion rules. , ,
, , , 

syntactic hypothesis

In the context of chapter , the hypothesis that the observed distribution of verbal
morpheme orders is caused by the particular ordering of AgrS0 and AgrO0 with
respect to V0 and T0. , , , , , , 





synthetic proposition

A proposition in which the predicate B “lies outside the sphere of the concept A”
(Kant  [], ), such as ‘All bachelors are unhappy’. Synthetic propositions
are true or false depending on the state of the world (Sachverhalt). 

T

e overt realization of a tense morpheme. , , , –, , –,
, , , , , , , , , , , 

T0

e syntactic head which hosts tense features. , , , , , , ,
, , , , , , –

Tone I

e Early Middle Chinese tone class traditionally called píng 平 ‘level’. , ,
, , , 

Tone Ia

e Late Middle Chinese tone class traditionally called yīnpíng 陰平 ‘dark level’.
e reflex of Early Middle Chinese Tone I in syllables with voiceless onsets. ,
, , , , , , , , , 

Tone Ib

e Late Middle Chinese tone class traditionally called yángpíng陽平 ‘light level’.
e reflex of Early Middle Chinese Tone I in syllables with voiced onsets. , ,
, , , , –, , –, 

Tone II

eEarly Middle Chinese tone class traditionally called shăng上 ‘rising’. , ,
, , , 

Tone IIa

eLateMiddle Chinese tone class traditionally called yīnshăng陰上 ‘dark rising’.
e reflex of Early Middle Chinese Tone II in syllables with voiceless onsets. ,
, , , , , , , , 

Tone IIb

e Late Middle Chinese tone class traditionally called yángshăng 陽上 ‘light
rising’. e reflex of Early Middle Chinese Tone II in syllables with voiced on-
sets. , , , , , , –, , , –, 





Tone III

e Early Middle Chinese tone class traditionally called qù 去 ‘departing’. ,
, , , , , , , , –, , , 

Tone IIIa

e Late Middle Chinese tone class traditionally called yīnqù 陰去 ‘dark depart-
ing’. e reflex of Early Middle Chinese Tone III in syllables with voiceless onsets.
, , , , , –, 

Tone IIIb

e Late Middle Chinese tone class traditionally called yángqù陽去 ‘light depart-
ing’. e reflex of Early Middle Chinese Tone III in syllables with voiced onsets.
, , , –, , –, 

Tone IV

e Early Middle Chinese tone class traditionally called rù入 ‘entering’; consists
of syllables ending in a stop in most daughter languages. –, , , ,
, –, , , –, , 

Tone IVa

e Late Middle Chinese tone class traditionally called yīnrù陰入 ‘dark entering’.
e reflex of Early Middle Chinese Tone IV in syllables with voiceless onsets. ,
, , , , , , , , , –, 

Tone IVb

e Late Middle Chinese tone class traditionally called yángrù陽入 ‘light enter-
ing’. e reflex of Early Middle Chinese Tone IV in syllables with voiced onsets.
, , , , , –, 

total effect

e sum of the indirect effect and the direct effect. 

TV language

A language with a morphologically complex verb in which the tense morpheme T
linearly precedes the verb root morpheme V. , –, , , , , ,
, , , , 

typological Saverhalt

e concrete distribution of structures in the world’s languages. –, , , ,
, , , , , , , , –, , , –, –, –, , , ,
, , , , , , , , , , , , , , , , , ,






Universal Grammar (UG)

In the classical generative paradigm and generative-parametric paradigm, the
most common term for human language faculty (HLF). Usually understood as in-
nate. See also FLB. , , , , 

V

e overt realization of a verb root morpheme. , , , –, , ,
, , , , , , , , , , , , 

V0

e syntactic head which hosts tense features; equivalent to McGinnis’s ()
‘lile’ v0. , , , , , , , , , , , , –

Vocabulary Item

In DM, a pairing between bundles of phonological features and bundles of gram-
matical features. , , 

VT language

A language with a morphologically complex verb in which the verb root morph-
eme V linearly precedes the tense morpheme T. , –, , , , ,
, , , , , 
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