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1 PRELIMINARY REMARKS   

1.1 INTRODUCTION  

This document is an expanded version of and an accompaniment to our video 
conversation as part of the Indo-Phon Webinar Series. Its purpose is to share 
with linguistics students and faculty our (T-and-M's) personal understanding 
of theoretical linguistics, and of the nature of inquiry and research and the 
leading ideas and theoretical questions in linguistics. It is grounded in 
several decades of teaching and research in phonetics, phonology, 
morphology, syntax, and semantics, with excurions into applied linguistics 
and instrumental phonetics, followed by our pursuit of the comparative 
epistemology of academic knowledge and inquiry – covering mathematics, the 
physical-biological-human sciences, philosophy, literary studies, and that 
part of human history that comes under the humanities. 

We believe that while it may be important for researchers and students to 
understand particular theories and their workings, and to apply them in their 
research, it is far more important to have an understanding of the theoretical 
questions and the leading ideas that are relevant for the field. 

It is our hope that what we share will be of use to younger researchers in 
linguistics in identifying research questions, placing their research program 
in terms of fundamental questions in theoretical linguistics, and to engage in 
the productive investigation of the questions in such a way that the outcome 
of their work will be part of the history of linguistics, and not just minor 
additions in the references to what is fashionable today.  

To do this, we will separate three aspects of the study of the sound systems of 
human languages: 
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A) the core leading ideas in theoretical phonology-phonetics (as one of the 
strands of theoretical linguistics) and the questions that arise from the 
concepts and statements of these ideas;  

B) the formalisms that embody these ideas; and  

C) the terminology and notation that express the ideas and formalisms.  

Our intention is to facilitate a conceptual understanding of research in 
theoretical phonology-phonetics paired with an understanding of the 
formalisms used in the theories. Our discussion of ideas and questions (A 
above) will broadly be in terms of three components of a theory: 

I.  Representations of the meaning, pronunciation, and the ‘syntax' of 
words and sentences;  

II.  Laws of language structure, conceptually expressed as regularities 
in these representations, and formally expressed as rules, constraints, 
principles, templates, conventions, licensing, and so on; and  

III. Modularity of representations, laws and their interaction, including 
dimensions and levels of representation.    

 
 Note: For those who are not familiar with the concepts of 'rules'/'constraints' and 

'representations' in theoretical linguistics, it might be useful to go through the 
(incomplete) introductory textbook on language structure, Exploring Patterns in 
Language Structure, by Mohanan and Mohanan, at Linguist's Corner 
(http://www.thinq.education/articles/55 ) 

We will present all this from a historical perspective, with an eye on the 
evolution of the concepts and formalisms. The most important milestones in 
this evolutionary history are:  
 classical phonemics, including Americal Structural linguistics; the 

Prague School; and the work on the IPA classification of phonetic-
phonological segments;  

 SPE (Chomsky and Halle’s 1968 book: The Sound Pattern of English), 
with fresh ideas on (i) the object of inquiry in phonology-phonetics, 
(ii) concepts, formalisms, and notation for representations, laws and 
their interaction; and (iii) levels of representation;   

 the work on representations, modularity, and the nature of laws (rules, 
constraints) and their interaction that emerged in the seventies and 
eighties, that transformed our ideas on the dimensions and levels of 
representation and types of laws:  
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 ~ the representation of syllable structure, and of stress as tree 
structures in metrical phonology;  

 ~ the separation of segmental and suprasegmental information to 
account for tone and harmony phenomena in autosegmental 
phonology;  

 ~ the separation of segmenthood and the phonological properties 
of segments represented as ‘skeleton’ and ‘melody’ respectively; 

 ~ the reconceptualizing of modularity and levels of representation 
in Lexical Phonology and Morphology; and  

 ~ classical Optimality theory.  

Clearly, we will not be able to do full justice to all of the above in a few pages 
— tracing the ideas, evidence and arguments of this evolution would require 
a book that takes as its role model Einstein and Infeld’s 1938 book, Evolution 
Physics. All that we can do here is sketch the very bare outlines.    

Going beyond that evolutionary story, our perspective of linguistics is as a 
subfield of cognitive science, cognitive science as a subfield of the human 
sciences, themselves a branch of science in general. So our exploration of 
research in phonetics and phonology is from the perspective of scientific 
inquiry in general. In the next section, we sketch that general perspective of 
scientific  knowledge and scientific inquiry against the backdrop of academic 
knowledge and academic inquiry.  

1.2 ACADEMIC KNOWLEDGE AND INQUIRY    

We all use terms like structure, function, process, and system in our work. 
For instance, we talk about syllable structure, phonological segments that 
cannot function as the nucleus of a syllable; the processes of phonological 
change, the vowel system, and so on. Now, these concepts are not restricted to 
phonetics and phonology: they are found in linguistics in general, as in 
language structure, the processes of language change, functional structure 
and functional categories, and the linguistic system. They are even more 
general: they are found in the physical, biological and human sciences, and in 
the entire terrain of academic knowledge.  

To have a clearer understanding of any academic subject — whether it be a 
narrow field such as the study of place assimilation or vowel harmony, a 
sub-discipline such as phonology, a discipline such as linguistics, or a 
domain like science, it is useful to begin with these concepts that are shared 
across and found repeatedly in diverse subjects — what we call trans-
disciplinary concepts.   

By structure, we mean the parts of a whole and the relations among them.  
So you have segment structure, syllable structure, structure of a word, 
structure of a sentence, and discourse structure. Outside linguistics, we talk 
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about the structure of an atom, skeletal structure, social structure, the 
structure of a sonnet, and the structure of a music composition.  

By process, we mean a change in time, as in phonological change, language 
change, language processing, and language development. By function, we 
mean the role of a unit or category within a larger unit; so a noun phrase 
functions as the subject or the object of a clause, a consonant functions as the 
onset or the coda of a syllable, and some consonants even as the nucleus. 
There is also the function of the heart, veins, and arteries in the circulatory 
system, and so on.  

To understand the equivalence of concepts across scientific disciplines such as 
linguistics, biology, or chemistry, we also need certain other concepts, like 
entities, properties, and relations; units, categories, levels, and 
dimensions; variables and values, quantitative and qualitative 
statements, and the like. As we proceed in our journey, we will develop a 
perspective on these concepts, and the need to be clear about them. 

1.3 HUMAN SCIENCES: MIND AND SOCIETY   
A few general remarks about the nature of scientific inquiry, and the human 
sciences as one of the domains of scientific inquiry. Within the human 
sciences, we study the human mind and the human society.   

Here is a picture that shows the move from the broadest to the most specific 
as we see it: 

ACADEMIC KNOWLEDGE 

MATHEMATICS The SCIENCES PHILOSOPHY & 

 PHYSICAL BIOLOGICAL HUMAN The HUMANITIES 

   MIND SOCIETY  

  … LINGUISTICS … 

Science is an empirical pursuit: ideas in scientific inquiry are defended on the 
basis of observations. This is in contrast, for example, to mathematical 
inquiry, where ideas are defended in terms of assumptions that we call 
axioms and definitions.  

This discussion is located in the study of language as part of the study of the 
human mind, language as a mental system. This by no means implies that 
the study of language as part of the study of the human society, language as 
a social system, is not important. It is simply that our own expertise is in 
the study of mental systems.  

We would like at this point to highlight something: To study human mental 
systems and social systems, we observe human behaviour on the one hand, 
and the human brain as part of the human body on the other. This 
relation can be pictured thus:  
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Let us take an example of how behaviour plays a role in scientific inquiry. 
Suppose we wish to study sadness and happiness. These are feelings that 
exist in the human mind. We cannot observe them directly. So we study the 
behaviour of humans that we think are external manifestations of sadness 
and happiness, like tears in the eyes, a drooping mouth, a smile, a sob, and so 
on. And for the brain, we have scanning instruments to observe what we 
think are the brain correlates of sadness and happiness.  

The same strategy applies to the study of human society. Take the ethical 
norms of a society. We cannot observe these norms directly, so to unearth the 
norms, we observe the behaviour that we think is shaped by the norms.  

When it comes to linguistics, one of the types of behaviour we observe is that 
of judgment behaviour. We present speakers with stimuli like these: 

   Nina ate the orange.    Nina ate an orange. 
   Nina ate the oranges.  *Nina ate an oranges. 

and ask them if they accept or reject each of the sentences. Speakers of 
English say that they accept the first three and reject the last one. We try to 
explain that contrast by setting up representations and rules in the mind of 
the speakers. This is human behaviour under experimental conditions.  

Now, when we say ‘behaviour’, we include both the process and the product. 
Take speech behaviour. We might observe the way either the human brain or 
the human articulatory organs behave when they produce speech, or the 
acoustic record of the product of that behaviour on a CD, or the spectrogram 
of that record. Or the process of receiving the sound waves through the ear, 
and to the brain.  We observe all this to understand not just the specifics, but 
also the human linguistic system in the human mind and human society. 

In short, when we work with data involving speaker judgments, what we are 
actually looking at is speaker behaviour. Other forms of behaviour relevant 
for the study of language would include speech errors, response to coinages, 
play languages, recall behaviour, and so on. 

1.4 NOTATION VS. THEORETICAL SUBSTANCE    
Before we get into the evolution of the study of sound systems in linguistics, 
we would like to dwell for a moment on the diagrammatic notations we use to 
express ideas pictorially. 
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Take the statement: “Zeno is an 
offspring of Mia,” which is the same as: 
“Mia is a parent of Zeno.” Suppose we 
visually represent this as in Fig. 2. The 
direction of the arrow tells us who the 
parent is and who the offspring.  

Instead of the arrow pointing 
downward, we could have it  

pointing to the right (Fig. 3),  
to the left (Fig. 4),  
to the top (Fig. 5),  
or even just slanting (Fig. 6).  

They would all mean the same thing. 

 

  

  

If we want to add the statement: 
“Lena is an offspring of Mia,”  
we can represent this as in Fig. 7. 
This means that Zeno and Lena are 
siblings.  

Suppose we use the notation of a 
dotted arrow to represent the 
relation “is older than”.  
Both Fig. 8 and Fig. 9 would 
represent:  
“Zeno is older than Lena”.  

Suppose we add: “Jack and Mia are offspring of Athena,” “Mia is older than 
Jack,” and “Jack is a parent of Plato.” 

This means that Athena is a 
grandparent of Zeno and Lena, Jack 
(if male) is an uncle of Zeno and Lena, 
and Plato is a cousin of Zeno and 
Lena, represented as in Fig. 10 

Now, instead of using the notation of 
dotted arrow, we could use the 
convention of the left-to-right direction 
to represent the relation, “is older 
than”: If Zeno is to the left of Lena, 
then Zeno is older. That way, Fig. 11 
would express exactly the same 
information as Fig. 10: 
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What we have done is construct a representational system for family 
relations, using the notation of tree diagrams. We can use the same notation 
for a representational system for ancestor-descendant relations in any 
domain that calls for such representations, as in biology. 

Moving to a different domain,  
we can represent the statement: 
“A water molecule is composed of 
two atoms of hydrogen and one 
atom of oxygen,” as in Fig. 12:  
and the statement: “A carbon 
dioxide molecule is composed of 
one atom of carbon and two 
atoms of oxygen,” as in Fig. 13. 

Though we use the same arrow 
notation in all these figures 
(from Fig. 10 to Fig. 13), it is 
important to note that the 

 

 
representational systems are  
different. The left-to-right order in Fig.12 and Fig.13, for example, carries no 
information. But in Fig. 11, it carries the relation of “is older than.” The 
information expressed by the arrow is also different: in Fig.12 and Fig.13, it 
expresses the information, “X is composed of Y.” But in Figs.2–11, it 
expresses the information, “X is a parent of Y.” 

Turning to language, take the sentence, “The boys dislike cities.” We can 
describe its structure as: 
1)  “The boys dislike cities” is a unit composed of the sub-units, “The boys” 

and “dislike cities.”  
2)  “The boys” is a unit composed of the sub-units “The” and “boys”; “dislike 

cities” is composed of the sub-units “dislike” and “cities.” 
3) “Boys” is composed of “boy” and “s”; “dislike” is composed of “dis” and 

“like”; “cities” is composed of “city” and “s”.  

We can use the arrow notation to 
express the statements in (1)-(3) 
as in Fig. 14. Fig.14 carries, in a 
visual notation, exactly the same 
information as the statements in 
(1)-(3). They also have the same 
theory, even though the  

 

theoretical statements are expressed differently.  
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As in the case of Fig. 10 and Fig.11, we can use the convention of spatial 
orientation to replace the arrows in Fig.14 with straight lines. Suppose we 
say that when using the arrow 
notation, the arrow head must 
always point downwards. Given this 
convention, we can replace the 
arrow in Fig.14 with a straight line, 
as in Fig.15. 

 

Now, instead of using tree diagrams 
with or without arrows, we could 
also use a vertical bracket notation 
as in Fig. 16, or a box notation as in 
Fig. 17, to express the same 
theoretical substance: 

 

 Yet another notation is that of left-to-right brackets, as in Fig. 18: 

 [ [ [The] [ [boy] [s] ] ]  [ [ [dis] [like] ]  [ [city] [s] ] ]      Figure 18 

This notation, however, is harder for the human eye and mind to process. 

Figs 14–18 are simply different notations for expressing the same 
theoretical substance, namely a set of compositionality relations. 

Conversely, the same notation often expresses different relations. Thus, the 
non-dotted arrows in Figs. 2-11 express the relation, “is the parent of,” while  
in Figs. 12 – 13, they express the relation, “is composed of.” 

In syntax, a framework like LFG uses the notation illustrated in Fig. 16, 
while Chomsky's minimalism uses the notation illustrated in Fig. 15. This 
difference does not imply any theoretical difference. It is crucial that when 
reading research articles in theoretical linguistics, we do not confuse 
notation with the theoretical substance that the notation expresses.    
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A QUICK DETOUR:  

If it helps, before we proceed to the section on representations, it might be 
useful to have in mind a picture of the organization of grammar. This 
would also be useful in the discussion of modularity in Section 4. 

LEVELS AND DIMENSIONS OF REPRESENTATION 

 
Figure 19 

While the pieces in this picture may not raise questions, one area that does 
raise questions about its place in this organization is morphology. There are 
at least two ways in which morphology may fit into this picture: 
 

THE PLACE OF MORPHOLOGY IN THE ORGANIZATION OF GRAMMAR 

 
Figure 20 

We (T & M) view morphology as the study of word internal structure, which 
covers word phonology, word syntax, and word semantics.  
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2. SYSTEMS OF REPRESENTATION 

We are looking at the study of language structure, as part of the study of the 
human mind. If you open a textbook on the theoretical study of language 
structure, you are bound to find repeated references to rules and 
representations. In fact, this was the title of Chomsky’s 1980 book. So let us 
take a close look at the idea of representations first in theoretical linguistics 
in general, and then in phonetics and phonology in particular. 

2.1 DIMENSIONS OF REPRESENTATION   
We have seen the distinction between notation and substance in the 
representation of syntactic and morphological units in Figs. 14–18. Let us 
look at some phonological representations. Take the same sentence, “The boys 
dislike cities.” What would we like to say about the phonological units in it?  

We could express our ideas in ordinary words first: 

 4) There are six syllables in the sentence: the, boys, dis, like, ci, and ties. 

 5) The syllable the is composed of two segments, an onset /ð/ and a 
nucleus /ə/;  

  the syllable boys is composed of the onset /b/, the nucleus /ɔi/ and the 
coda /z/;  

  the syllable dis is composed of the onset /d/, the nucleus /i/, and the 
coda /s/,  

  the syllable like is composed of the onset /l/, the nucleus /ai/ and the 
coda /k/,  

  the syllable ci is composed of the onset /s/ and the nucleus /i/, and  
  the syllable ties is composed of the onset /t/, the nucleus /i/ and the 

coda /z/.  

What we have stated in (4) 
and (5) is the phonological 
representation of the 
sentence. Ignoring the labels 
syllable, onset, nucleus, and 
coda, we can combine this 
information with the syntactic 
representation, using the 
same notation of lines, as in 
Fig. 21:  

What is important here for our purposes is that in the sentence, the 
compositionality relations for morphology-syntax on the one hand, and those 
for phonology on the other, do not match; they are distinct. What Fig. 21 
shows is the need for two different sets of compositionality relations 
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along two different dimensions of structure, one for phonology, another 
for syntax-morphology.   

This idea, which was implicit in the distinction between PF and LF in all the 
Chomskyan models including minimalism, emerged in an explicit manner in 
theoretical linguistics with the birth of the theories of syllable structure, 
stress, tone, and non-concatenative morphology in the latter half of the 
1970’s, out of work by a community of researchers at MIT. Subsequently, the 
idea and its various strands evolved into that of multidimensional 
representations of language structure.  

2.2 REPRESENTING UNITS AND CATEGORIES   
The idea of separating the different kinds of information into different 
dimensions of representation, which emerged as theories like syllable 
structure, metrical structure in stress, auto-segmental representation in the 
study of tones, and non-concatenative morphology in the analysis of the 
phonology of languages like Arabic, had a revolutionary influence on the 
phonologists’ way of thinking. This then developed into a theory of the 
‘Skeleton’ in phonological representations.  Hence, it is worth exploring the 
history of these ideas a bit more in depth here.  

Perhaps it would useful to trace the history of phonology back to the Prague 
School of Linguistics. In the phonology of the thirties and forties outside of 
the Prague School, it was assumed that phonological segments are atomic 
units, that they are not composed of some other units. To take an example, 
]most approaches to phonology at that 
time represented the segment /m/ as 
an atomic unit with the following 
category specification: 

Trubetzkoy of the Prague School   
defined phonological segments as  
composed of distinctive features. These were a set of articulatory 
properties; the presence (indicated by +) or absence (indicated by –) of these 
properties distinguished a segment from all the other segments in a given 
language. The distinctive feature 
system that Jakobson developed has 
remained the foundation for building 
subsequent versions of the system, 
beginning with SPE. (1968). Within 
this view, the segment /m/ is a 
complex unit composed of the 
following parts: 

 

As far as representational systems are concerned, whether a segment is 
composed of the attribute value specifications [+voice, +labial, +nasal] or is 
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categorized as [+voice, +labial, +nasal] is a matter of differences in 
conceptualization, but are empirically equivalent. The crucial difference 
between them lies in the nature of the categorization: 

 ~ The IPA system had two mutually exclusive systems for the 
categorization of vowels and of consonants; while the distinctive feature 
system has a single system of categorization for both, allowing for cross-
classification. 

 ~ The IPA system used binary values for some parameters of categorization 
(e.g., voiced vs. voiceless, aspirated vs. unaspirated), and multiple values 
for others (e.g., bilabial, labiodental, dental, alveolar, ....); while the 
distinctive feature system used binary values for all parameters.   

Though empirically equivalent in assigning phonological segments to 
particular phonological categories, the distinctive feature view of phonological 
segments as being composed 
of binary feature values 
made it possible to think of 
phonological representations 
as being composed of a 
skeleton with features 
attached to it. Thus, the 
word kuppi ‘bottle’ in 
Malayalam could be 
represented as five skeletal 
units (represented as X's), 
associated with four 
distinctive feature matrices, 
as in Fig. 22:  

    Figure 22 

Such factoring out of the different dimensions of structure into a 
multidimensional representation, once initiated and developed in 
phonological theory, spread to the structure of words and sentences along the 
dimensions with syntax and semantics as well in significant ways.   

Subsequent developments in phonology challenged the ‘flat structure’ of the 
feature composition in the feature matrices, arguing that regularities at the 
level of features across segments, some of which were represented in terms of 
‘spreading’ (that is, sharing of features, in harmony phenomena, for instance) 
applied not only to atomic features but also hierarchical groupings of 
features. This was the intuition underlying what came to be called Feature 
Geometry.  

Beyond the details of this evolutionary history, what is important for us here 
is the need to keep our eyes focussed on the questions that lead to new ideas, 
and also arising from these ideas: 
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 What are the dimensions of phonological structure? 
 What are the atomic units and categories along each of these dimensions? 
 What are the laws governing the formation of complex units and 

categories in these dimensions?  

We will add more questions to this list as we proceed.  

2.3 SEGMENTS AS ABSTRACTIONS IN REPRESENTATIONS 
As you can see, these developments led to the factoring out of the traditional 
concept of segment into two distinct dimensions, namely:  
 what was called the skeleton or skeletal segments represented by the 

symbol X, such that the word kuppi in Malayalam has five skeletal 
segments; and  

 what was called the melody or melodic structure of segments, the 
feature matrix represented by the collection of features and their 
values enclosed in tall square brackets.  

Until around the mid-1970’s,  phonological representations used an 
alphabetic notation of strings of symbols like e, i, u, p, b, k, g, s, z, and so on, 
but with different meanings. Unlike the letters of the alphabet, the symbols 
of the phonetic alphabet (e.g., International Phonetic Alphabet) were 
governed by the requirement of ‘one symbol, one phone’, and the symbols of 
the phonemic alphabet were governed by the requirement of ‘one symbol, one 
phoneme’. Granted that the symbols of phonetic representation represented 
phones, and those of phonemic representation represented phonemes, we still 
need to ask: what are phones and phonemes?  To put it more precisely, what 
are phonetic segments and phonemic segments?  

This question is particularly important given that, in actual speech, there 
are no segments that correspond to phonetic or phonemic segments. 
Segments are high level abstractions that linguists postulate, not what exists 
in observable reality.  To appreciate this, all that we need to do is watch a 
cineradiographic film of the production of an English word like yam, whose 
phonological representation has three segments. In the production of /y/ (/j/ in 
IPA), for instance, we assume that the body of the tongue is pushed forward 
and raised such that the front of the tongue is close to the roof of the mouth 
without causing friction or contact; the lips are unrounded; the soft palate is 
raised; and so on. For /a/ we assume that the tongue body continues in its 
fronted gesture but is lowered; the lips are still unrounded, the soft palate is 
lowered (in preparation for the following nasal), and so on. For /m/, we 
assume that the body of the tongue is in its neutral position; the lips form a 
closure; and the soft palate is lowered.  

The segmental representation does not specify the nature of the transition 
from one gesture to another — the gradual transition from the raised tongue 
body to the lowered tongue body in moving from /y/ to /a/, or the gradual 
lowering of the soft palate from /a/ to /m/. Nor does it provide information 



 

 
 
 

14 

about these articulatory gestures in such a way that the different articulatory 
gestures are aligned with one another. For instance, in actual reality, the soft 
palate is lowered long before the lips form a closure for /m/.  

What happens in the actual reality of speech production is an orchestra in 
which the different articulatory organs move in an asynchronous way, 
without abrupt transitions. Thus, what is represented, even in phonetic 
representations, is not a record of the speech event — neither articulatory nor 
acoustic — but an abstraction that selects what is linguistically relevant, and 
leaves out what is not relevant.  

For instance, we assume that there is no need to provide information about 
the transitions from one segment to another: given the information provided 
by the phonetic representation as a linguistic representation, the biology of 
articulatory organs take care of the transitions.   

We can now state the assumption implicit in the segmentation of speech in 
phonetic representations as follows: 

Phonetic representations carry information to be interpreted by the vocal 
organs. These representations carry linguistic information that 
distinguishes one language or one variety of a language from another. All 
such information can be coded as discrete segments. All other 
information is outside of linguistics, and can be left to biology, the 
execution of instructions from the brain to the vocal organs. 

Is this assumption true? We do not believe it is, but we leave it to graduate 
students in linguistics to investigate this theoretical claim.  

If the claim turns out to be false, we are faced with a more challenging 
theoretical question. If phonetic representations are not segmental, what 
system of representation should we use to provide information that the vocal 
organs can interpret? We leave that too for you as an open question. We also 
leave to you similar questions that arise with respect to phonological 
representations, independently of the question of the number of levels in the 
representations.  

3. RULES AND CONSTRAINTS 

3.1 REGULARITIES IN REPRESENTATIONS    
Scientific inquiry is the study of the regularities of nature. Linguistic inquiry, 
as part of scientific inquiry, is the study of regularities of natural language. 
As stated in Part I, scientific laws that express the regularities of the world 
(Newton's laws of motion, for instance) are variously expressed in theoretical 
linguistics as rules, constraints, principles, conventions, templates, licensing 
and so on, in diverse types of semi-formalisms.  Such over-abundance of 
formal tools, which serve almost the same functions in marginally different 
ways, can be quite confusing for young researchers. In what follows, we point 
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to a few of those near equivalent formalisms in theoretical phonology-
phonetics.   

The ideas of Alan Turing led to the birth of computer science. Drawing 
inspiration from those ideas, Generative Linguistics was born in the 1950s. It 
took its formalism from the idea of algorithms as mechanical procedures, and 
implemented them as a set of production procedures in formal grammars.  

Thus, a grammar was viewed as a set of computing procedures of the form: 
α ! β, interpreted as: “In a derivation, α is replaced with β.”  

This is different from the equality symbol in mathematics where, given the 
equation α = β, we can replace α with β, or β with α. To take a concrete 
example, in: 
    x (y + z) = xy + xz 

the symbolic string to the left of the equals symbol can be replaced by the 
string to its right, or the string to the right of the equals symbol can be 
replaced by the string to its left. 

The difference between the arrow notation and the equals notation is that the 
arrow permits replacement only in one direction (If A then B), while the 
equals symbol allows replacement in both directions (If A then B, and if B 
then A).   

Even though the ‘rules’ of the early days of generative grammar were viewed 
as ‘input-process-output’ and ‘stepwise instructions to do something’ in an 
algorithm, they are also conceptualizable as constraints. Take, for example, 
the rule NP ! (DET) N. This can be conceptualized either as a step in a 
procedure, as in the example of replacement given above, or as a statement of 
a regularity in a structure, as in B. 

 A. Given the input NP, replace it with either DET N or N.   (procedural) 

 B.  An NP is composed of an N preceded optionally by a DET. (declarative) 

The distinction between rules and constraints is a matter of the formalism we 
use for the purposes of computing. This is not unlike mathematicians viewing 
a function either as an input-operation-output or as a specific kind of relation 
between two things. This applies to the so called ‘move alpha’ in Minimalist 
syntax as well. At this level of abstraction, rules and constraints are both 
conceptual variants of laws with no empirical consequence. (For a detailed 
discussion, see Mohanan, K P (2000) “The Theoretical Substance of the 
Optimality Formalism.” The Linguistic Review 17.143-166)  

In passing, it would be useful to note that phonologists use other terms like 
convention, principle, and template to denote the regularities that we have 
called laws. If interpreted as rules, we use one system of computing, but if 
interpreted as constraints, we use another computing system. Using the term 
‘law’ allows us to see what these different formalisms and terminologies are, 
and develop a deeper understanding of their empirical consequences. 
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3.2 CORRESPONDENCES ACROSS  DIMENSIONS  
The separation of the different kinds of information in terms of 
representations discussed in section 2 led to the distinction between two 
kinds of laws. In Fig. 21, we represented the sentence, “The boys dislike 
cities,” along two dimensions, one of syntax-semantics and the other of 
phonology. But our representations were restricted to the compositionality 
of the units; we did not specify the categories of the units.   

Let us now take the representation 
of dislike cities in Fig. 21, and add to 
it the specification of categories of 
the nodes: 

 
The theoretical substance expressed by this diagrammatic-symbolic 
representation can be expressed in words as follows:  

The unit categorized as VP is 
composed of the units categorized 
as V and NP. 

The unit categorized as V precedes 
the unit categorized as NP  

The unit categorized as NP is 
composed of N  

The unit categorized as V in this 
structure is instantiated as 
dislike, the unit categorized as N 
is instantiated as cities. 

NOTATION CONCEPT 

dot  unit 

VP, V, NP… categories 

line   is composed of 

left-to-right 
orientaion 

precedes 

dashed line  is instantiated as 

 

We have not 
indicated the word 
internal structure 
(morphology) of 
dislike and cities 
here. But let us 
proceed to the 
representation of the 
syntax and 
phonology of cities, 
given in Fig. 24: 

 
 



 

 
 
 

17 

In the language of autosegmental phonology, the dotted lines are ‘association 
lines’ (Goldsmith), earlier called ‘instantiation’. The neutral term is 
‘correspondence’ across different dimensions of representation (Jackendoff).   

3.3 FORMATION LAWS AND CORRESPONDENCE LAWS 

The ideas outlined in the section above prompt us to take a detour from the 
central thread of this discussion and look a bit more closely at the nature of 
laws in language structure. The conception of laws in Chomsky's Aspects of 
the Theory of Syntax included the following types: 

A. Structure Formation Laws: Structure formation laws proposed in 
Chomsky's Aspects took the form of what were called Phrase Structure 
(PS) Rules. They included information about compositionality of units, 
their categories, and temporal order.  

B. Statements of Instantiation: For instance, specification of category 
information: destroy: Verb; boy: Noun; asleep: Adjective; the: Determiner  

C. Statements in the ‘lexicon’: Specification of unpredictable information, 
as distinct from what is deducible through the laws.  

 The statements of instantiation given in (B) above specify unpredictable 
information. But given this information, and the laws of language 
structure, we can derive the conclusion that boys is a noun, destroyed is a 
verb, and destruction is a noun.  

D. Statements of sub-categorization: These are of the form, “X is a 
subcategory of Y,” as in “transitive verbs and intransitive verbs are 
subcategories of verb,” “proper noun is a subcategory of noun.”  

[There is more, but an introduction to the leading ideas in phonology-
phonetics is not the place for it.]  

Having looked at categories (of words and larger units) in language structure, 
let us also take a quick look at grammatical functions like subject and object. 
This is to draw a parallel between phonology and syntax. The relation 
between ‘category structure’ and ‘functional structure’ in syntax is very much 
like the relation between segment structure and syllable structure in 
phonology: ‘subject of’ and ‘object of’ are parallel to ‘onset of’ and ‘coda of’.   

When we compare the following sentences:  
 a.  These boys were annoying that rabbit. 
 b. * These boys was annoying that rabbit. 
 c.  That rabbit was being annoyed by these boys. 
 d. * That rabbit were being annoyed by these boys. 

it is clear that we need to say something like:  

In the clause in (a), these boys is the subject, and that rabbit is the object.  
In English, the verb agrees with the subject.  
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In Aspects, Chomsky took the position that ‘subject’ and ‘object’ are pre-
theoretic concepts which had no place in syntactic theory, because we can 
“read off” (i.e., predict) from category structure the information about which 
NP is the subject and which is the object. Thus, ‘subject’ “is the NP whose 
mother is S”, or “is the sister of VP”, and ‘object’ “is the daughter of VP”, or “is 
the sister of V”. In this view, subject-verb agreement would be formulated as: 

the verb agrees with [NP, S] (the NP which is the daughter of S).  

In the seventies, exploration of languages other than English showed that 
Chomsky's claim was untenable. Relational Grammar showed the need for 
functions, and Lexical Functional Grammar proposed a different dimension of 
syntactic representation that essentially involved representations such as in 
Fig. 25 (where CL: clause; SUBJ: subject; OBJ: object; PRED: predicate): 

 
Given such representations along two distinct dimensions of structure, we 
need statements of how the two dimensions align. In English, for example, 
the correspondence laws holding between grammatical categories and 
grammatical functions can be expressed as: 

Sister of VP corresponds to subject. 
Sister of V corresponds to object. 
Sister of by corresponds to adjunct. 

‘Corresponds to’ is equivalent to  
‘is associated with’, ‘is aligned to’, 
‘is linked to’, and so on. 

In a language like Malayalam or Hindi, however, the correspondence laws 
would be based on such things as case and semantic relations, not on 
compositionality relations in phrase structure. We won't go into the details 
here as they are not relevant for phonology.  

The above idea of correspondence laws in syntax is essentially the same as 
the idea of association conventions in auto-segmental phonology. The same 
idea is needed for the statement of regularities between the dimension of 
syllable structure and the dimension of the melodic structure illustrated in 
Fig. 22. For instance: 

 Onset in English: 
 Has three slots, all of which may optionally be associated with a melody. 
 If the first slot is associated with a melody, it can only be /s/;  
 If the third slot is associated with a melody, it can only be /l, r, y, w/.  



 

 
 
 

19 

Similar correspondence laws exist in the pairing of phonological structure on 
the one hand, and word-internal and sentence-internal syntactic and 
semantics structures on the other. For instance, the following statement 
articulates the correspondence between syllable structure and word internal 
syntax: 

Within a morph, a coda in English can have only three slots.  
 (A coda can have four slots, as in texts and thousandths,  
   but only if the final segment is a separate morph.)  

The following statements articulate the pairing between phonology and 
sentence syntax, and between phonology and semantics: 

A non-restrictive relative clause in English corresponds to a separate 
intonation phrase with its own ‘pitch accent’ or ‘tonic’.  

A declarative sentence with a rising intonation corresponds to a question; 
one with a falling intonation corresponds to a statement.  

A tag question with a rising intonation corresponds to uncertainty; one 
with a falling intonation on the tag corresponds to a neutral meaning.  

3.4 LEVELS OF REPRESENTATION  
The concept of levels of representation (e.g., underlying vs. surface) preceded 
that of dimensions of representation in the history of linguistics. The 
phonology of the early 20th century began with the distinction between 
phonemic representations (often called ‘phonemic transcriptions’) indicated 
by slant lines (e.g., /spin/ and /pin/ for the English words spin and pin) and 
phonetic representations (often called ‘phonetic transcriptions’) indicated by 
square brackets (e.g., [spin] and [phin] for the same English words). These are 
called different levels of representation in phonology.  

With the advent of the generative phonology in the second half of the 20th 
century, the idea of phonemic representations of classical phonemics was 
replaced by the idea of morphophonemic representations, called underlying 
representations, also indicated by slant lines. In principle, this move yields 
the following levels of representations in Phonology-Phonetics: 

Underlying (morphophonemic) 
Classical phonemic  
Phonetic   
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The emergence of Generative Phonology as a branch of generative linguistics 
had two effects in the evolution of linguistic theory:  
 ~ It argued for the need for underlying representations. 
 ~ It showed that many of the statements that expressed regularities in 

the relation between the underlying and classical phonemic 
representations (‘morphophonemic rules’) were repeated as separate 
statements to express regularities in the relation between classical 
phonemic and phonetic representations (‘allophonic rules’).  

 ~ It therfore concluded that as the intermediate level of representation 
resulted in the duplication of rules, it should be eliminated.  

Lexical Phonology (LP), emerging in the early 1980’s as a specific theory in 
Generative Phonology, argued that a revised version of the classical phonemic 
level of representation should be brought back to linguistic theory, because it 
provided explanations for phenomena that the classical generative model did 
not account for.   

With the advent of Optimality Theory (OT) in the nineties, the three level 
model was replaced with the earlier two level model. In our opinion, this 
decision was not well argued for, since LP was a theory of modularity and 
levels of representation, while OT was a theory of the interaction of 
regularities, and in terms of theoretical substance, the two theories were not 
only perfectly compatible with each other, but also complemented each other, 
and could have resulted in a Lexical Optimality Theory (LOT). 

As we see it, the question: “Do we adopt a two-level model or a three-level 
model?” is still not settled. We leave that issue open for graduate students 
who are expected to shape the future of linguistic theory.   

3.5 RULE ORDERING AND CONSTRAINT RANKING 
An important challenge in this domain is that of the interaction between 
laws, formalized in a rule-based formalism as rule ordering, and in a 
constraint-based formalism as constraint ranking or constraint strength. 

To have a feel for the kinds of phenomena that led to the idea of the ordering 
of rules, consider the following phonological regularities in Malayalam: 

 Post-nasal Voicing: After a nasal consonant, plosives are voiced. 
 Schwa onglide:  After a voiced plosive, a vowel has a schwa onglide (əV).  

When the ‘underlying’ representation has a nasal consonant, followed by a 
plosive, followed by a vowel, as in /ampalam/ ‘temple’, the plosive is voiced 
([ambalam]), but there is no shwa onglide. The rule behaves as if it ‘knows’ 
that the plosive is voiceless in the underlying representation. In contrast, if 
the plosive is underlyingly voiced /ambaram/ 'sky', the vowel has a schwa 
onglide ([ambəaram] .   
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A constraint-based formalism can capture this phenomenon by assuming 
that: 

Post-nasal voicing is a constraint on the phonetic level. 
Schwa onglide is a constraint on the correspondence between the 

phonemic and phonetic levels. 

In the rule-ordering formalism, this is taken care of by stipulating that the 
schwa onglide rule is ordered prior to the post-nasal voicing rule. The 
computational system checks the applicability of rules in the prescribed 
order. When it gets to the schwa onglide rule, the representation does not 
have a voiced plosive for the rule to apply. And when the post-nasal voicing 
rule applies and the plosive becomes voiced, the schwa onglide rule is no 
longer available: it has missed its opportunity.  

The effect illustrated above does not involve a logical contradiction between 
the two laws stated as constraints. What happens when the two laws result 
in a conflict, when one law requires P and the other requires not-P?   

Consider the effects of nasal assimilation in English:  

 Syllable-internally within a morph, a nasal must agree in place of 
articulation with the following plosive. (This allows morphs like 
[dent], [limp] and [siŋk] but not [limk], [limt], [denp], and [denk].) 

 Syllable-internally across morphs, a nasal can disagree in place of 
articulation with the following plosive if the nasal is non-coronal and 
the plosive is coronal. (Thus, dreamt [dremt] is possible because the 
nasal and the plosive are across morphs, and the nasal is labial.) 

 Across words, a coronal nasal in the phonemic representation agrees in 
place of articulation with the following plosive in fast speech. (ten 
kings and ten pounds are pronounced as [teŋkiŋz] and [tempoundz] 

These effects can be accounted for by using a combination of constraint 
strength and defeasible logic. We won't go into the details here, but would 
direct those who are interested to Mohanan's article, “Fields of Attraction in 
Phonological Theory,” in The Last Phonological Rule (John Goldsmith, ed.).   

Now, defeasible logic may implement conflict resolution in terms of 
prioritization/ranking, or strength assignment. The choice between the two is 
empirically significant, but we won't go to these issues in further detail here.  

In sum, we may formulate as follows the questions that graduate students in 
linguistics must be nudged to look for answers to:  

What are the characteristics of the interaction amongst linguistic laws 
(as regularities revealed in linguistic representations)? 

What kind of formalisms in the formulation of these laws would allow us 
to derive the best predictions? 
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4. MODULARITY 

That our minds and brains are structured in a modular way is a fairly well 
established conclusion in cognitive science. Modularity is a combination of 
specialization and partial autonomy for internal functioning, with integrated 
functioning to achieve a common goal. The systems and internal organs in 
our physical body are modules in this sense: the respiratory system, the 
circulatory system, the nervous system, the heart, the liver, the lungs and so 
on work in semi-autonomous but integrated ways to ensure the body’s 
functioning as a whole. Precisely the same thing happens in our brain and 
mind, and finally, in language too.  

The modular organization of the body, brain, mind, and language points to 
the conclusion that our theories of these objects of inquiry must also be 
modular. Theories of light, electricity and magnetism have been integrated 
into a unified theory of electromagnetism, but that does not mean that there 
is nothing further that we need to know about the specialized fields of 
electricity, magnetism and light. It is in the same spirit that we construct 
unified theories in phonology. For instance, we need a theory of place 
assimilation that comes under the more general theory of assimilation, that 
includes voicing assimilation, nasal assimilation, place assimilation, and 
vowel harmony and consonant harmony. Similarly, we need a theory of stress 
that interacts with word melody on the one hand and other stress related 
phenomena like vowel reduction and consonant lenition on the other.  

One way in which phonology exhibits modularity is the manner in which 
word syntax, sentence syntax, word semantics, and sentence semantics 
interact with word phonology and sentence phonology. One of the main 
contributions of Lexical Phonology and Morphology was to raise questions 
about the nature of such modularity, and offer plausible tentative answers, 
such that these answers are subject to further modification, and lead to new 
questions. For instance:  
 Do affixal morphology and compounding morphology function as different 

modules?  
 If yes, do they have an effect on the way phonological constraints 

function?  
 Within affixal morphology, do inflectional morphology and derivational 

morphology constitute different modules?  
 Do the same phonological constraints function differently when they 

interact with morphological structure?  
 Do morphological processes that are not grounded in formatives function 

differently from those that are grounded in formatives.  

We do not think we have satisfactory answers yet to these questions, and 
many others. Once again, they are for the young generation of researchers in 
phonology-phonetics to investigate.   
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5. CONCLUDING REMARKS 

5.1 HOW TO READ THE RESEARCH LITERATURE   

A theme running through this account of the evolution of phonology over 
almost the last century has been the need to separate ideas from the 
formalisms needed for computing the consequences of the ideas in order to 
derive accurate predictions. Now, the words that the ideas are articulated in 
may be sufficiently clear, but not necessarily precise. Formalisms call for 
symbolic representations whose meanings can be expressed in a manner that, 
though disembodied, is clear and precise.   

Both ideas and formalisms can be empirically significant. However, we have 
also seen that two distinct formalisms that appear to be radically different 
can be empirically non-distinct. When reading a research article, it is 
important to pay attention to the formalism, and to separate the two kinds: 
empirically distinct and empirically equivalent.    

We have also distinguished both ideas and formalisms from notation. 
Though theoretical linguistics has evolved significantly over the last few 
decades, a good deal of fancy notation that looks like formalism can still be 
found in textbooks — often the latest notation that has no empirical 
consequence. It is crucial, therefore, that a novice researcher develp the 
capacity to tell the difference between ideas and formalisms, and distinguish 
both ideas and formalisms from mere terminology and notation.  

This takes considerable practice. One way to develop that ability is to practise 
translating the analysis in one framework to another, till familiarity with 
multiple frameworks allows one to make the necessary distinctions, and 
accept only that which is significant.  

5.2 WRAPPING UP   

In this discussion, we have tried to sketch a very brief outline of the evolution 
of the leading ideas from the phonetics and phonology of the1940s and '50s 
till perhaps the end of the 20th century. It has been, in some sense, our 
personal history in the field, beginning from when, in the early to mid-'70’s, 
the two of us became acquainted with such things as implosives and ejectives, 
phonemes and allophones, and the cyclic application of the rules of word 
stress, at what was then CIEFL (Central Institute of English and Foreign 
Languages). The journey continued through Lexical Phonology and phonology 
without rules, till  classical Optimality Theory, and our critiques of it. 

So this has been a sharing, with students, teachers, and researchers of 
linguistics, our personal view of the evolution of phonetics-phonology, as we 
experienced it.  

What are the main takeaways from this discussion? What did we aim to do?  
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We might say that the most important takeaway, at least the way the two of 
us see it, is the need to distinguish between the leading ideas of a theory and 
the specific details of implementation. We have tried to separate the key 
concepts in the different frameworks of phonology and the theories grounded 
in these frameworks, from their implementation in terms of formal symbols 
and computation. So for instance, at the conceptual level, rule ordering and 
constraint ranking are different computational techniques for implementing 
the idea of the interaction of regularities, captured in what is called 
defeasible logic, and non-monotonic systems of formal logic, coupled with 
constraints that apply either with or also across levels an dimensions.  

Going back to the leading ideas, we talked about theoretical representations 
of the structure of words and sentences, and about the laws that capture the 
regularities in these representations. We also talked about different 
dimensions of representation, like that of syllable structure vs. segment 
structure, the skeletal structure vs. the distinctive feature melody and the 
tonal melody, and so on; and about levels of representation like the 
underlying, the lexical, and the phonetic.  

Another point of emphasis was the distinction between formation (structure 
building) laws and correspondence (alignment) laws. Formation laws hold on  
structure at a given dimension, while correspondence laws connect and align 
structures across dimensions. For instance, the so-called move alpha in GB, 
when combined with constraints on movement, constitutes a way of 
expressing such correspondence laws.   

That the formalism of rules would be abandoned in favour of the formalism of 
constraints was our hope in the early eighties, ever since the workshop on 
nontransformational grammars at Stanford in 1982, the Linguistics Summer 
Institute again at Stanford in 1987, and a workshop on constraint-based 
phonology in Berkeley soon after. This hope is elaborated in The Last 
Phonological Rule, edited by John Goldsmith. Whether or not the project of 
phonology without rules will turn out to be successful appears to be 
something that the current graduate students must investigate. 

We, the triggers of this discussion, are a part of the past. The students 
represent our future. And we place our hope in the young minds.  

   
 


