
Instantiative phonology.

Item Type text; Dissertation-Reproduction (electronic)

Authors Bourgeois, Thomas Charles.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:40:10

Link to Item http://hdl.handle.net/10150/185709

http://hdl.handle.net/10150/185709


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon tbe quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order. 

V·M·X 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road. Ann Arbor. M148106-1346 USA 

3131761-4700 800/521-0600 





Order Number 9210315 

Instantiative phonology 

Bourgeois, Thomas Charles, Ph.D. 

The University of Arizona, 1991 

Copyright ©1991 by Bourgeois, Thomas Charles. All rights reserved. 

V·lVI·I 
300 N. Zccb Rd. 
Ann Arbor, MI 48106 





INST ANTIATIVE PHONOLOGY 

by 

Thomas Charles Bourgeois 

Copyright © Thomas Charles Bourgeois 1991 

A Dissertation Submitted to the Faculty of the 
DEPARTMENT OF LINGUISTICS 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1991 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committe~, we certify that we have 

read the dissertation prepared by Thomas Charles Bourgeois 

entitled Instantiatjye Phonology 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

Ker P. Green 

12 November 91 
Date 

12 November 91 
Date 

12 November 91 
Date 

12 November 91 
Date 

Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. ------.., c:--
~ 12 November 91 

Dissertation Direc tor Susan Steele Date 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements for an 
advanced degree at The University of Arizona and is deposited in the University Library to 
be made available to borrowers under the rules of the Library. 

Brief quotations from this dissertation are allowable without special permission, 
provided that accurate acknowledgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript in whole or in part may be granted 
by the copyright holder. 

4 r-R ~ 
SIGNED: C:::;:?r:-:-: ~%_--~----==--:'r------

) 



4 
AcknQWled&ments 

"You could tell by the way that he talked, though, that he had gone to school a long time. 
That was probably what was wrong with him. George had been wise enough to get out of 
school as quickly as possible. He didn't want to end up like that guy." 

-A Confederacy of Dunces, John Kennedy Toole 

For starters, thanks to Pete Hurst, whose advice spawned the sequence of events 
which brought me to the sunny southwest, and to Shawn Gathers, my best friend and spouse, 
who put up with it all and is (apparently) still willing to do so. Higher education is 
virtually impossible without a supportive family; I am grateful for the intellectual, moral, 
and financial support from them over these many years. 

Instantiative Phonology is the result of about 2 1/2 years of hard thinking and 
frequent babbling. I doubt it would have been possible had it not been for the patient attention 
and guidance of a number of people. For stomaching the idea way back when it kept me up at 
night, I am grateful to Diana Archangeli, David Basilico, Dick Demers, Lee Fulmer, Mike 
Hammond, Husni Mua'dz, James Myers, Shaun O'Connor, Dick Oehrle, Fred Richards, Susan 
Steele, and Jane Tsay. Specifically, thanks to Mike for turning me on to learning theory and 
its application to linguistics--I hope he is not disappointed in where I have taken his 
direction; and thanks too to Diana Archangeli, who helped me focus on the empirical 
consequences of this model and make it available to the rest of the world. To the students of 
the group, Jane and Fred and Shaun and James and Husni and Lee and David, thanks for 
listening to whatever I asked you to listen to, and trying to piece it all together with me. 

I can only hope to repay in kind the respeCt and consideration shown to me by Sue 
Steele, Dick Oehrle, Mike Hammond, and Kerry Green, the members of my doctoral 
committee. Sue had enough faith in me and my ideas to let me see an end to the process when 
it still seemed like a very high mountain to climb. It is through her direction and trust that 
this document became a cohesive piece of research. Mike went way out of his way to read and 
comment and read and comment and read and comment ( ... !) in a timely fashion; his 
suggestions on strengthening my argumentation have proved invaluable. Dick listened and 
listened, and through his own remarkable insights asked (answerable!) questions which I 
had never even thought of before, and Kerry opened my mind to an entire domain of research 
and the ways it can inform linguistic analyses. 

Special thanks are also due to Merrill Garrett and Kerry Green for their financial 
support through the Cognitive Science department, and, along with Sue Steele, for providing 
me with three exemplary post-doctoral role models. 

Many thanks to our staff members Elizabeth Dyckman, Rosemary Emery, Pauline 
Smalley, and Retha Yarbrough for their wonderful and punctual service, and to fellow 
graduate students Jean Ann, Laura Conway, Megan Crowhurst, Ken Drozd, Kaz Fukushima, 
Larry Hagberg, Sun-Hoon Hong, Masahide Ishihara, George Lemus, Diane Meador, Raquel 
Mejia, Diane Ohala, Long Peng, Pat Perez, Curt Rice, Paul Saka, Cari Spring, and Wendy 
Wiswall, for their support. They each have earned a special place in my heart. Further, 
thanks to Andy Barss, Molly Diesing, Jane Hill, Eloise Jelinek, Adrienne Lehrer, Terry 
Langendoen, Janet Nicol, Ofelia Zepeda, the faculty of the University of Arizona Linguistics 
Department, for their openness to new ideas and their visible commitment to scholarship. 

Finally, thanks to all those in my life who have made my years in graduate school 
amusing ones: Koby Borodkin and Sue Gomberg, Matt Carey, Colleen Carmean, Kate Fiedler, 
Ted Fisher, Andy Hart, Gordon Krefting and Patty Kachur, Toni Matheny, Randy (the 
Rodent) Simms, Wayne Sloan, Mark Van Meeter, Bob Wade, Steve Wolf, my two cats Spike 
and Detroit-Nash, and Diet Pepsi, without which I would not have stayed awake. 



5 

pedicatioo 

To Shawn Gathers Bourgeois .. .for everything. 



6 

Table of Contents 

Abstract ............................................................................................................................ 11 

Chapter 1. The Conceptual Orientation of the Model ......................................................... 13 

1.0 Introduction ..................................................................................................... 13 

1.1 The Communication System Hypothesis ........................................................... 14 

1.2 A Brief Review of Communication Theory ......................................................... 15 

The Communication Problem ...................................................................... 16 

The Mathematical Theory of Communication ............................................. 17 

Design Schemata for the Encoder and Decoder ............................................ 18 

Transmitting Signals Through a Medium .................................................... 23 

A Brief Summary ....................................................................................... 25 

1.3 Natural Language Viewed as a Communication System ..................................... 26 

Linguistic Sources, Users, and Channels ...................................................... 27 

Articulation is a Modulator ........................................................................ 28 

An Encoder or Decoder is a Grammar ........................................................... 30 

Summary ................................................................................................... 32 

1.4 Approaching the Problem of Language Acquisition through the 
Communication System Hypothesis ........................................................................ 33 

The Innateness Hypothesis ........................................................................ 34 

Enter the Communication System Hypothesis ............................................. 35 

Towards a Theory of Language Learning ..................................................... 37 

Summary ................................................................................................... 38 

1.5 The Content of this Thesis ................................................................................ 39 

1.6 Concluding Remarks ......................................................................................... 40 



7 
Chapter 2. Learning Phonological Rules ............................................................................. 42 

2.0 Introduction ..................................................................................................... 42 

2.1 Phonetic Representation Minus ......................................................................... 43 

A Brief Example ........................................................................................ 45 

The Contents of the PRM Representation ................................................... .48 

The Location of the PRM Representation .................................................... 49 

Summary ................................................................................................... 50 

2.2 The Notion of Observability ............................................................................ 51 

2.3 Two Rules from American English ..................................................................... 52 

The Distribution of Surface Vowels in American English ............................. 52 

Vowel Shortening ...................................................................................... 53 

Vowel Nasalization .................................................................................. 54 

2.4 Motivating Properties of the Learning Mechanism ............................................ 55 

Attending to the Order at the Edges ........................................................... 56 

The Output of the Fragment ....................................................................... 57 

Vowel Shortening and Vowel Nasalization ................................................ 57 

A Recapitulation ....................................................................................... 61 

More Byproducts of Observing Vowel Nasalization: the Details of 
the Rule Environment ................................................................................. 62 

Summary ................................................................................................... 64 

2.5 Induding the Effects of Nasal Consonant Deletion ............................................. 65 

Nasal Consonant Deletion .......................................................................... 65 

The Internal Ordering of Nasal Consonant Deletion, Vowel 
Nasalization, and Vowel Shortening ......................................................... 66 

Learning the Fragment of American English ................................................ 68 

Summary ................................................................................................... 73 



8 
2.6 Can the Learning Mechanism Acquire Different Internal Orderings of the 
Fragment? ............................................................................................................. 74 

2.7 Learning American English Aspiration ............................................................. 78 

2.8 The Characteristics of Rules Observable in PRM representation ........................ 83 

2.9 The Hypothesis of Instantiation ....................................................................... 85 

2.10 Observing Patterns in Constituent Space .......................................................... 87 

2.11 Conc1usion ...................................................................................................... 90 

Chapter 3. The Model of Instantiative Phonology .............................................................. 92 

3.0 Introduction ..................................................................................................... 92 

3.1 The Internal Organization of the Model.. .......................................................... 93 

Instantiative Phonology Contains Three Distinct Representations ............... 93 

The Natural Ordering of Rules ................................................................... 95 

3.2 The Representation of Rules ............................................................................. 97 

American English Nasal Consonant Deletion .............................................. 98 

Gokana Nasal Harmony ............................................................................ 100 

Lango Regressive Harmony ........................................................................ 103 

Summary ................................................................................................... 106 

3.3 The Application of Rules .................................................................................. 1 07 

The Devoicing of Turkish Stops .................................................................. 107 

Voicing Harmony ....................................................................................... 111 

The Interaction of Voicing Harmony and Final Stop Devoicing .................... 113 

3.4 The Generative Capacity of Instantiative Phonology ........................................ 117 

Instantiative Phonology Restricts the Typology of Natural Language ......... 117 

Phonological Processes Recover the only Recoverable Constituents .............. 119 

Observability Constrains the Generative Power of Instantiative 
Phonology ................................................................................................. 121 



9 
3.5 Conclusion ........................................................................................................ 123 

Chapter 4. Turkish Instantiative Phonology ....................................................................... 124 

4.0 Introduction ..................................................................................................... 124 

4.1 The Sounds of Turkish ...................................................................................... 126 

Turkish Consonants .................................................................................... 126 

Turkish Vowels ......................................................................................... 127 

Swift (1962) ............................................................................................... 128 

UnderhiII (1976) ........................................................................................ 128 

A Cross-Dialectal Inventory of Surface Vowels ........................................... 129 

4.2 [ATR] Variation in High Vowels ...................................................................... 130 

4.3 Velar Palatalization ....................................................................................... 131 

4.4 Regressive Rounding ......................................................................................... 133 

4.5 Results of the Vowel-based Processes of Turkish ................................................ 135 

4.6 An Excursus on Turkish Vowel Hannony ............................................................ 137 

The Vowel Harmony Phenomenon .............................................................. 138 

Clements and Sezer (1982) .......................................................................... 139 

Vowel Harmony within Instantiative Phonology ....................................... 145 

Exceptions to Vowel Harmony in Turkish Suffixes ....................................... 148 

Taking Stock So Far ................................................................................... 151 

The Internal Order of Backness Harmony and Rounding Harmony ................ 152 

The Representation of Turkish Coda Consonants ......................................... 153 

A Parting Glance at Disharmonic Roots ...................................................... 154 

Summary ................................................................................................... 158 

4.7 The Devoicing of r and I in Word-final Position ................................................. 159 

4.8 Nasal Place Assimilation: Motivating PLACE Features .................................... 162 



10 
4.9 The Elision of h ................................................................................................ 165 

4.10 The Consequences of Observing Turkish in PRM representation ......................... 167 

4.11 Instantiative Phonology, Turkish, and Theories of Underspecification ............. 169 

4.12 Conclusion ...................................................................................................... 171 

Chapter 5. Conclusions ...................................................................................................... 173 

A Brief Review of Instantiative Phonology ............................................................ 173 

Languages are Communication Systems ....................................................... 173 

Learning Phonological Rules .................... " ...................................... " ........ 175 

The Model of Instantiative Phonology ........................................................ 177 

The Phonology of Turkish: a Case Study ..................................................... 179 

Final Remarks ....................................................................................................... 180 

List of Works Ci ted .............................................................................. '"'''''''''''''''''''''''''' .184 



11 
Abstract 

Instantiative Phonology presents a model of grammatical organization whose 

conceptual orientation arises from the Communication System Hypothesis, the notion that 

natural languages are communication systems and as such have properties predicted by the 

Mathematical Theory of Communication (Shannon 1948). Following from this general notion 

is the empirical hypothesis that phonological processes identify the carriers of grammatical 

information and instantiate the grammatical constituents of a particular language. The 

thesis concerns itself with evaluating the empirical relevance of this Hypothesis of 

Instantiation with respect to grammatical systems. 

Initially, this research develops a learning mechanism with the capacity to learn a 

fragment of the purely phonologically conditioned rules of American English based solely on 

their output in a phonetic representation. While this learner demonstrates sufficient 

capacity to learn the fragment of American English, it cannot learn the details of this 

fragment if its rules apply in some order other than that supported by attested data. The 

properties of this learning mechanism are then used to inform the internal organization of the 

formal aspects of the model. This model emerges with several desirable properties, including 

a very restrictive interpretation of both phonological rule typology and the extrinsic ordering 

of phonological rules. 

Following this exposition, the model is evaluated through a broad investigation of 

the purely phonologically conditioned rules from a single language, Turkish. This evaluation 

reveals that the purely phonologically conditioned rules of Turkish make crucial reference to 

a subset of phonological features with the necessary and sufficient capacity to generate the 

"distinctive" inventory of the language. Further, these rules refer to the Turkish 

grammatical constituents syllable, morpheme, and word over a wide range of different 

phonological contexts, supporting the notion consistent with the Hypothesis of Instantiation 
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that the purely phonologically conditioned rules of a language provide the user with an 

efficient and reliable parser of that language. This research concludes that the Hypothesis 

of Instantiation is borne out in language systems. 
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Chapter 1. The Conceptual Orientation of the Model 

1.0 Introduction 

The research reported here begins to explore some of the empirical and theoretical 

implications arising from the consideration that language is a system of communication which 

falls within the domain of the Mathematical Theory of Communication of Shannon (1948). 

This consideration, or Communication System Hypothesis, amounts to the proposal that at 

least one important aspect of language's internal structure follows directly from the 

operational demands made of it. 

As is shown below, the Communication System Hypothesis bears directly on the 

empirical content of the Innateness Hypothesis of Chomsky (1965), a proposal stating that 

much of the internal structure of language is the result of a language-specific genetic 

endowment unique to homo sapiens) Popper (1965) argues the evaluation of a scientific 

hypothesis requires sincere attempts to falsify it. The falsification of any theory involves 

determining its specific predictions and then testing their validity. Since the arguments 

developed herein limit the range of interpretation of the Innateness Hypothesis as it pertains 

to linguistic systems, then (following Popperian philosophy) evaluation of the substantive 

content of the Innateness Hypothesis actually demands research of the type presented here. 

Hence, the empirical results obtained from this exploration are of interest to all research 

conducted under the Innateness Hypothesis. 

In roughly the following order, this introductory chapter argues that language 

systems are communication systems which fall within the empirical domain of the 

Mathematical Theory of Communication. Following this, the discussion explains some of the 

empirical implications which the Communication System Hypothesis (presented below) has 

1 This proposal is specifically presented and discussed in section 1.4 below. 
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for the investigation of phonological systems and how these implications coincide with or 

differ from those made by the Innateness Hypothesis. This discussion argues that the 

development of a more explicit learning theory illuminates properties of both models. 

Finally, the contents of this presentation are described. 

1.1 The Communication System Hypothesis 

Users of language require it to be an accurate and reliable means of transmitting 

information over a wide range of non-optimal (that is, noisy) communicative environments. 

The Mathematical Theory of Communication, developed in Shannon (1948) and described in 

section 1.2 below, shows that when a communication system transmits information through a 

noisy communication channel, it must contain sufficient internal structure to insure accurate 

and reliable transmission of that information. If the Mathematical Theory of Communication 

is relevant in the study of language, then the internal structure of the world's languages can be 

thought to follow at least in part from environmental pressure on languages to transfer 

information accurately and reliably. This general conception about the nature and origin of 

language's internal structure is referred to as the Communication System Hypothesis. 

The figure below presents the Communication System Hypothesis, the conceptual 

perspective of the model of phonology to be developed here: 

Figure 1.1 The Communication System Hypothesis 

(i). Natural languages communicate information. 
(ii). Each natural language represents a specific solution to the general problem of 

transmitting information from a source to a user over a noisy communication 
channel. 

(iii). General properties of the internal structure of natural language constitute an 
engineering solution to the operational needs of the communication system in a 
manner consistent with the Mathematical Theory of Communication, a theory 
which governs the behavior of all communication systems. 
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The Mathematical Theory of Communication assumed in the Communication System 

Hypothesis grows out of the mathematics of thermodynamics. Any amount of the internal 

structure of language accounted for by the Communication System Hypothesis can thus be 

thought to follow as a consequence from certain fundamental properties of the world we live 

in. The amount of language-internal structure explainable by the Communication System 

Hypothesis, then, need not be included in a hypothesized language-particular genetic 

endowment of homo sapiens-those structural properties are in no way exotic or unexpected. 

By this same logic, any language-internal structure which is not explainable on such grounds 

can be considered exotic and unexpected, and hence becomes a prime candidate for inclusion 

within the hypothesized genetic endowment. So identified, this type of language-internal 

structure can become the focus of future research. 

In summary, the Communication System Hypothesis accounts for at least some of the 

structural properties of language based on the organization of the physical world. Anything 

which cannot be treated in such an account demands some other explanation, such as that 

provided by the Innateness Hypothesis. In short, any residue of issues unexplainable by the 

Communication System Hypothesis represents potential support for the claims of the 

Innateness Hypothesis. 

1.2 A Brief Review of Communication Theory 

In preparation for illustrating how the Communication System Hypothesis applies to 

language, it is useful to review some of the basic results obtained from the study of 

communication systems. Below I present a brief discussion of the general communication 

problem, and how its solution is affected by the Information Theory of Shannon (1948).2 The 

general terms source, user, communication channel, and information are introduced here, along 

2 Both Information Theory and the Mathematical Theory of Communication are synonyms for 
the work described in Shannon (1948). 
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with a description of some of the basic design elements contained in any communication 

system.3 

The Communication Problem 

The diagram below schematizes the general design problem for a real (non-ideal) 

communication system: 

Figure 1.2 The general communication problem 

To explain, a device called a source seeks to transmit some unpredictable data, or 

information,4 to a receiving device called a user which can then interpret the information. 

Connecting the source of the information to the intended user of that information is a physical 

medium, or communication channel, through which the information transfer takes place. If 

the information transmitted through the channel by the source is successfully received by the 

user, then a basic requirement for communication has taken place, and the user can then 

interpret and otherwise make use of the transmitted data.S 

Because the channel is a real medium existing in the physical world, there is noise 

present. The term noise here is general and refers to any signal present in the medium not 

3 Essentially all of the information presented here can be found more elegantly communicated 
in both Shannon and Weaver (1963) as well as the introductory chapter of Blahut (1987). 
4 As Shannon and Weaver (1963) points out, " ... this word information in communication 
theory relates not so much to what you do say but what you could say. That is, information is 
a measure of one's freedom of choice when one selects a message.[p. 8-9]." 
S For expositional purposes, this basic requirement of communication is hereafter referred to 
simply as communication. Such reference is by no means meant to reduce communication simply 
to receipt of information. 
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intentionally transmitted by the source device. This noise, unavoidably contained within all 

real communication channels, has the potential to corrupt any data flowing through the 

channel. Because the signal transmitted by the source contains some instances of data unknown 

to the user, there is a finite probability that the user may be unable to distinguish the source 

signal from a noise signal present in the communication channel. If the user mistakenly 

considers some noise to be part of the message transmitted by the source, then an error in 

communication has taken place, and the data signal has been corrupted by noise. 

The Mathematical Theory of Communication 

Until 1948 it was generally held that noise in a channel placed limits on the rate at 

which information could flow through it. For a given transmitting power at the source device, 

increasing the need for accurate information transmission required increasing the necessary 

redundancy present in the signal, so the rate of real information transfer (that is, the transfer 

of non-redundant unpredictable data) decreased. If one desired virtually accurate information 

transfer, it was believed that one had to include virtually infinite redundancy; consequently a 

virtually negligible information flow resulted. In 1948, however, Claude Shannon published 

the insightful paper "A Mathematical Theory of Communication," revealing that the 

preceding belief about limited information transfer in the presence of noise was not entirely 

correct. Shannon (1948) discovered that as long as information transfer took place at a rate 

below a certain fixed, channel-dependent rate known as the channel capacity, then the 

probability of transmission error could be made arbitrarily small. What's more, this 

transmission error probability could be specified independently of the actual rate of 

information transfer. 

Information theory shows that achieving an arbitrarily small probability of 

transmission error at transfer rates below the channel capacity requires the use of two devices: 

an encoder and a decoder. The encoder functions to preprocess the output signal from the source 
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and prepare it for entry into the channel. Preparation of the source signal by the encoder is 

designed to safeguard it against the effects of channel noise as well as package it for efficient 

transmission through the channel. The decoder can be thought of as performing the inverse of 

the operation performed by the encoder. The decoder unpacks the encoded, transmitted signal 

present at the output of the channel, and delivers the information contained within it to the 

user. 

Design Schemata for the Encoder and Decoder 

The makeup of the encoder and decoder processing modules is subject to design 

depending on the functional needs of the communication system. The following figure presents 

a revised schematic illustration of the communication problem which includes the general 

placement of encoder and decoder. These processors are placed within the transmission link to 

reduce the probability of transmission error introduced by the presence of channel noise 

(compare with Figure 1.2 above): 

Figure 1.3 A restatement of the communication problem implementing the encoder and 
decoder processors discussed by Shannon (1948); After Blahut (1987) 

Given 

Subject to design 

It is instructive to consider some of the basic elements of design for encoders and 

decoders in slightly more detail. The figure below contains yet another schematic diagram, 

this time showing the structure of the decoder and encoder in a somewhat expanded form: 
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Figure 1.4 The schematic design of a communication system, after Blahut (1987) 

Transmitter Receiver 

I Source ~ _ ...... Encoder Decoder ~I User I , ,. I 

J, 
,~ 

Modulator I Demodulator I 
J 

.... J Channel I , I I 
J~ 

NOIse 

The Transmitter above contains two modules: an encoding block attached to a modulator block. 

Similarly, the Receiver contains a decoding block attached to a demodulator block. As 

presented above, the general function of the encoding module is to prepare the source 

information for transmission through the channel in such a way as to safeguard it against the 

effects of channel noise; the function of the modulator/demodulator is discussed below. 

According to Blahut (1987), the usual method of preparing the output of the source for 

transmission is to add structure to it. The process proceeds as follows. The source emits some 

sequence of data, or message. This message forms the input to the encoder processor. The 

encoder first arranges segments of the source message into separate blocks and then performs a 

synchronization function to permit proper sequencing of these blocks when they are received. 

The output of the encoder, then, is a processed message or signal. This signal includes not only 

the message emitted by the source arranged in some fashion which lends itself more readily to 

accurate transmission, but also cues about the structural and sequential coding necessary to 

reconstruct the source message from the signal after it has been received. 
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The design of the decoder at the receiving end is matched to the encoder. The decoder 

is built to recognize the structural and sequential coding of the source message by the encoder. 

Because the decoder can interpret the effects of the encoding process, the decoder can 

distinguish between the structural and sequencing coding performed by the encoder and the 

message emitted by the source, and thus correctly reconstruct the source message from the 

transmitted signal. If no communication error has taken place, tllen the output of the decoder 

is the emission from the source: a properly sequenced message which can be interpreted by the 

user. 

The encoder/decoder modules include structural and sequencing coding of the source 

message to prepare it for transmission through the communication channel medium. It is 

instructive to briefly consider an instance where such a system is desirable. 

In the following communication system, a source and a user wish to communicate 

information through messages composed of sequences of the four units {A B C D).6 Let their 

relative probability of occurrence in a message sequence be governed by the following 

distribution? 

ensuring that each symbol transmitted will be one of the four ensemble elements, that is, 

Let us also assume that this system is an ergodic, Markovian system--that is-a system whose 

probability distributions also depend upon previous symbol choices occurring within some 

finite interval in the past.S Given these specifications, let the following represent a sample 

6 A more detailed presentation of this example can be found in Edwards (1964:45-9). 
7 Such a system, which produces a sequence of discrete symbols according to a certain 
probability distribution, is known as a stochastic system. 
S Put another way, Edwards (1964) describes an ergodic system as one for which the behavior 
of any reasonably large sample of the system is representative of the overall behavior of the 
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of a message sequence in this system (because the system is ergodic, this licit sequence is 

representative of the character of any possible licit message in the system): 

Figure 1.5 A licit message from the source in this system (position numbers for each symbol 
are included for subsequent ease of reference) 

BACAABADACBADAABACADABAACBABBADACBADAABA 
1111111111222222222233333333334 

1234567890123456789012345678901234567890 

The following table contains the inter-symbol (Le. sequential) dependencies which the 

preceding sequence reveals to hold of the system:9 

Figure 1.6 A summary of all possible and licit transitions from one symbol to another for 
each informative unit of the ensemble 

TO ROW 
A B C D TarAL 

F A 4 5 5 5 19 
R B 9 1 0 0 10 
0 C 2 3 0 0 5 
M D 5 0 0 0 5 

COLUMN 20 9 5 5 
TarAL 

In this system, the difference in probability of occurrence for each ensemble element as 

well as the sequential dependencies between elements exemplify the use of an encoding 

process. The encoding mechanism employed here has the desirable abilities both to detect 

and to recover from certain errors which may be introduced by noise present in the 

system; Edwards (1964) points out that written language instantiates an example of an ergodic 
system. 
9 The totals of the rows and columns differ from the probability distributions given in the text 
by an amount introduced by counting, because no symbol precedes the initial B of the sample, 
and no symbol follows the final A of the sample. 
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communication channel. To observe this, consider how the message presented in Figure 1.5 

above might be received by the user: 

Figure 1.7 The message of Figure 1.5 above as received by the user 

BACAABADACBCDAABACADABAACBABBADACBADAABA 
1111111111222222222233333333334 

1234567890123456789012345678901234567890 

The reader has no doubt noticed that this sequence contains an error: the symbol appearing in 

the twelfth position of Figure 1.7 differs from that found in the same position in the source 

message of Figure 1.5 above. Because the decoder is matched to the encoder, it has access both 

to the probability distributions of the informative ensemble elements as well as to the 

sequential dependencies which hold between them. By reviewing the tabulated transition 

possibilities from Figure 1.6 above (which represent the sequential dependencies occurring in 

any licit sequence), it becomes clear upon decoding that there is an error in the message 

sequence occurring at position twelve: a B cannot be followed by a C, and a C cannot precede a 

D. Hence, this coding mechanism permits the detection of an error. Further use of the 

sequential dependency information embodied in the transition matrix permits the error to be 

isolated to a small domain beginning after the ninth element and continuing through the 

thirteenth; the message confonns to the transition matrix for all positions following thirteen 

and preceding ten. The isolation of the error to this window admits the following two 

analyses of the signal error. In the figure, the presence of an asterisk denotes an error detected 

at that position, and the symbols below it denote possible choices of a licit replacement: 
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Figure 1.8 Two analyses of the error detectable in the received signal 

a. A b. B 

* A A 
ACBCDA * * 

11111 ACBCDA 
901234 11111 

901234 

These analyses isolate the error either to a single symbol, as in analysis (I.8a), or to two 

symbols, as in analysis (I.8b). There are now at most three reconstructions of the source 

message possible, and the position of this ambiguity is known to exist within a region of 

maximally three elements in dimension. If the decoding mechanism is given the analyzing 

power to adopt the solution which identifies the least error (since the probability of the 

presence of a single error is much greater than the probability of two), then the error can be 

completely recovered from, and the message accurately passed on to the user. In fact, because 

the system has recovered from the error, the end user need not even be made aware that any 

error has taken place during the communication process. 

This example illustrates that the use of coding information for transmission by adding 

sequential dependencies (i.e. structure) results in a degree of recoverability from error in a 

very specific fashion without recourse to any information external to the signal, that is, 

without necessary recourse to the context or interpretation of the message. 

Transmitting Signals Through a Medium 

Because the general communication problem is relevant to physically real 

communication systems, a comprehensive solution to it must have the potential to render the 

signal emitted by the encoder compatible with the specific medium where transmission occurs 

when that compatibility does not exist trivially. The modulator and demodulator processors 

perform this function. 
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The modulator transforms the encoder signal (that is, the encoded message) into a 

form compatible with the transmission characteristics of the communication channel. The 

modulator then broadcasts the transformed signal into the communication channel where it is 

subject to reception by the intended user. Upon reception, the opposite transformation must 

take place. Because the decoder processor is designed to recognize and interpret the encoder's 

structural and sequential coding of the signal (and thus reconstruct the message), the received 

modulated signal must be transformed back from the form compatible with the channel to the 

form recognizable to the decoder. This transformation from "channel-compatible" signal to 

"decoder-compatible" signal takes place in the demodulator. Like the encoder/decoder pair, 

the demodulator is designed to match the modulator, that is, to recognize the specific form of 

the signal transmitted through the channel by the modulator. Once this recognition and 

demodulation takes place, the demodulated (that is, "decoder-compatible") signal may be 

processed by the decoder, and the successfully transmitted source message delivered to the 

user. 

As an instance of where a non-trivial modulator is sometimes necessary, consider the 

following. A source and a user wish to communicate information through messages again 

composed of sequences of the following four units, fA BCD}. In this instance, each unit has a 

probability of occurrence both equal to that of every other unit and independent of the value 

of any previously chosen symbol. However, the channel through which the source and user 

wish to communicate such sequences is constrained, and is capable of passing only two symbols: 

1 and 0 (for example, this channel might be an electrical wire which can be at either one of 

two arbitrary voltages). Hence, in order to pass information between the pair, message 

sequences composed of the informative ensemble elements fA BCD} must be transformed (i.e. 

encoded) into sequences of 1 's and O's before transmission to suit the characteristics of the 

channel, and then transformed back (i.e. decoded) when they are received from the channel. 
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Because the system deals with an ensemble of four informative units, each symbol can be 

represented by a unique sequence of l's and O's of maximally two digits in length: A = 00; 

B = 01; C = 10; D = 11. If the source wishes to transmit some message to the user, say the 

sequence ACBBCDC for example, then the encoder must code this message into the following 

sequence, 00100101101110, where each informative unit is replaced by a two-digit binary 

sequence. Since the decoder and encoder are matched, the message can be appropriately 

decoded upon reception, because the decoder "knows" to interpret each group of two binary 

symbols retrieved as a unique information-carrying unit of the ensemble. By representing each 

symbol as a sequence of two binary digits (for example, A could have been encoded simply as 0 

and/or B simply as 1), the decoder can unambiguously reconstruct the message without recourse 

to any signal-external punctuation mechanism. Such an example illustrates why an 

encoding/modulating mechanism is sometimes necessary in a communication system: namely 

when the information-carryinB elements cannot be directly transmitted through the 

communication channel. 

A Brief Summary 

The Information Theory of Shannon (1948) shows that virtually error-free 

information transmission between a source and a user through a noisy channel is possible for 

non-vanishing transmission rates below some fixed, Channel-dependent rate. Arbitrary 

degrees of transmission accuracy are assured if the source employs an encoding device which 

structures its output message before it enters the channel, and if the user employs a matched 

decoding device to remove the encoded structure from the message when it is received. 

The general components of an encoder design include: (1). a coding algorithm which 

arranges the source information into specific blocks, (2). a synchronization function to permit 

accurate sequencing of the block structure upon reception, and (3). a modulator to transform the 

output of the encoder into a form which may be readily transmitted through the channel 
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medium. The decoder design is matched to the encoder, and, in order to successfully extract 

the structured, sequenced, source message from the received signal, it essentially performs the 

inverse operation of the encoder. Similarly then, the general design of the decoder includes: 

(1). a demodulator to transform the signal compatible with the characteristics of the channel 

back into a signal compatible with the characteristics of the decoder, (2). an algorithm to 

parse the demodulated signal into its encoded block structure, and (3). a sequencing algorithm 

to correctly assign the parsed information blocks to their original position, thus reconstructing 

the source message. In the next section I argue that each of these components finds an analog in 

the phonological systems of language.10 

1.3 Natural Language Viewed as a Communication System 

In this section I argue that each of these basic elements has an analog in a natural 

language system. That is: language sources (speakers or signers) have information they wish 

to convey to language users (hearers or viewers); the linguistic communication channel is 

noisy; languages transmit and manipulate informative messages; natural language sources and 

users are equipped with a modulator/demodulator system specific to the modality of the 

linguistic communication (the articulatory/auditory systems for spoken languages, and the 

hands, arms, face, upper body/visual systems for gestural languages); and language systems 

have a grammar representing the functional equivalent of encoding and decoding mechanisms. 

Because language systems contain all of the components basic to the design of a communication 

system, I conclude that it is reasonable to view language systems as communication systems. 

10 This is not to say that other dimensions of linguistic structure, such as syntax, semantics, 
morphology, etc., could not be included within this analogy, but such investigations lie 
outside the scope of the research reported here. 
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Linguistic Sources, Users, and Channels 

I can imagine little controversy arising from the notion that language systems contain 

sources broadcasting information through a communication channel and receivers using that 

information at the other end. Any person who composes an utterance in a natural language and 

then (either manually or orally) articulates that utterance produces a linguistic signal. This 

production introduces the utterance into the world, where it can be heard/viewed by another 

(or even the same) person. If the person hearing or viewing that utterance knows the natural 

language of the producer, then the message contained within the utterance can be understood. 

In other words, the person producing a linguistic signal becomes a source broadcasting that 

utterance out into the physical world where it can be received by and potentially affect a user 

possessing a natural language grammar matched to the utterance grammar. In the language of 

communication systems introduced in the preceding section, a speaker is a source, a hearer is a 

user, and an utterance is a quantity of linguistic information; the physical world, into which 

the transmission enters, is a communication channel medium. 

Space and time is a noisy place to be, because many other things exist in it in addition 

to utterances resulting from linguistic productions. All of the auditory, visual, and tactile 

stimuli which are available to us must coexist in the physical world with such utterances; 

linguistic productions from one or several other sources may also compete for our perception in 

the physical world which constitutes the communication channel. 

It is very important to the overall points being made here to recognize that the 

problem of speaking to someone listening to you, or listening to someone speaking to you, is an 

archetypal example of the communication problem of transmitting or receiving information 

over a noisy communication channel. That is, noise is not merely a theoretical factor, but a 

common occurrence in conversations, often taking place in environments which also including 
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noise-producing distractions such as televisions, babies, wind, traffic, bright/ dim/ colored 

lights, etc. 

Articulation is a Modulator 

The discussion to this point argues that natural language systems are composed of 

users and sources, and that those users and sources transmit information between each other. 

Also present in the discussion is the notion that the language signal exists in space and time 

whenever an utterance is produced. If, as is assumed here, linguistic utterances exist in the 

mind of the producer at some stage prior to articulation, then it should now be reasonably 

clear that some element present in this system necessarily exists to perform a translation of 

the abstract linguistic signal represented in the mind of the speaker/signer into a continuous, 

concrete, physical signal which can be broadcast into the medium of the physical world. 

From a communication system perspective the design component of this system is the 

modulator, and from the language perspective it is the particular modality of the linguistic 

production.11 Also, as anyone who has received a linguistic production can recognize, the 

modulation system of the linguistic source is matched by some perceptual demodulator at the 

receiving end. Whether it be eye or ear, the linguistic signal is interpreted in its appropriate 

modality.1 2 

The language signal is produced in its own time. Apart from a (perhaps) strong desire 

to complete one's utterance before the death of either source or user, there is a priori no upper 

limit on how long a given utterance may last, nor is there any lower limit on how much 

information per unit time must be transmitted. Hence, one could imagine that the simplest 

11 That is, the manual articulation of signs, or the oral/nasal articulation of speech. 
12 One unsurprising and (in my opinion) desirable result arising from this communication 
system analogy for natural language systems is that signed language and spoken languages are 
expected to fundamentally differ only in modality and not in any more abstract manner, 
because the differences between them are not relevant until the linguistic signal represented 
in the mind is prepared for broadcast into the world. 
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modulator for natural language might include some "binary" channel. Given the example in 

the previous section where symbols were transmitted into sequences of binary digits, one could 

formally construct an analogous human language where concepts were transformed solely into 

sequences of sound produced by varying the pitch of one's voice between two arbitrary but 

consistent values (such as in the Hollywood version of Tarzan's jungle call). 

However, there are reasons to believe that the communication channel for human 

language must be considerably more enriched.13 Recall from the discussion above that space 

and time is a noisy place to be, and that linguistic productions compete for the attention of the 

listener with a variety of other stimuli. Given that humans must attend to the processing of 

other types of information as well as linguistic information from a source, it is at least 

somewhat reasonable to assume that there is pressure to increase the rate of information 

transmitted per unit time,14 

Such rate increases can be readily accommodated by the human vocal apparatus. As 

well as controlling the pitch of the voice, humans also have control of whether or not to cause 

the vocal cords to vibrate. Further, the upper airway can be configured independently of the 

state of the glottis or vocal cord tension, permitting the sound produced in the larynx to be 

altered in a number of distinct ways. The velum may optionally be opened to permit air to 

pass through the nasal passageway, the tongue may assume a wide variety of profiles within 

the vocal tract itself, interacting with the palate, the teeth, the alveolar ridge, etc, and the 

lips may be constricted, widened, or closed altogether. Ultimately, the linguistic signal can 

13 Dick Oehrle correctly points out to me that the channel for spoken language can include 
extralinguistic noise, such as in the sentence "The door went [insert the sound produced by a 
slamming door here]," and also visual infonnation, such as in the sentence "That rat I saw was 
about yay [perform gesture indicating appropriate length of rodent between one's hands) 
long!" For simplicity I consider only a single mode here and limit the stimulus range to 
include only linguistic productions. 
14 Kerry Green reminds me that such pressure may also be increased by inherent limitation of 
humans' short-term memory capacity. 
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be altered through many independent and interdependent operations. Considering each of 

these parameters of control to be associated with a separate "sub-channel" through which 

linguistic information can be transmitted, it is clear that the linguistic signal has the 

potential to support a non-trivial amount of information transfer per unit time. 

Assuming that there is a fixed quantity of attention which can be devoted to linguistic 

processing, then as the rate of linguistic information transmission increases per unit time, the 

attention paid to each unit of that information must decrease per unit time. As the attention 

paid to each unit decreases, the probability of error increases, and hence the pressure to 

include some signal-internal redundancy to counter the effects of this heightened probability 

of error also becomes greater. Following along these lines, a richly informative linguistic 

signal gives rise to the need for a means of encoding such information in order to increase its 

overall insensitivity to noise. 

An Encoder or Decoder is a Grammar 

Now comes the difficult and subtle part of the argument that language systems are 

communication systems in the specific sense intended here: the analog between the 

encoder/decoder algorithms and the grammar of a language. In a consciously designed 

communication system, the encoder/decoder algorithms take abstract messages (emitted by 

the source) as their input and produce abstract signals (to be rendered physical by the 

modulator) as their output. The effects of the encoder/decoder can be observed directly if the 

output of the source is known, through comparing the source message with whatever signal 

enters the modulator: the difference between source message and modulator input signal 

constitutes the sum of the effects of the encoding algorithm. In the study of language systems, 

such direct observation of the proposed encoding algorithm would amount to having an 

accurate representation of the output of the mind of the producer before it is transformed into a 

continuous signal via the particular modality of the utterance, and comparing that 
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representation to another consisting of the message delivered into the mind of the hearer 

after the grammar (that is, the decoder) has reconstructed it from the demodulated signal. 

Unfortunately, direct comparison of these representations is not possible at this stage of 

research, because the representations themselves cannot be directly observed. At present the 

only directly observable representation of language available consists of the physical wave 

form broadcast over the communication channel-that is--the acoustic or manually encoded 

linguistic signal. Because direct observation of language representations is limited, the 

existence of a language analog performing the function of encoding/decoding within a 

communication system can be argued for only in an indirect fashion. 

This indirect argument comprises the bulk of this document, and only its skeleton is 

presented here. Schematically, this research reports on an investigation of the grammar of a 

single language, Turkish. This investigation seeks to determine whether or not Turkish 

utterances include elements added by an encoder to an infomlative message which can in turn 

be recognizable to a decoder of that message. Consistent with the Communication System 

Hypothesis, such elements are expected to take the form of structural and sequencing cues and 

proposed to be recognizable within the linguistic signal itself.15 If such elements can be 

discovered in the observable linguistic signal, then the functional equivalent of an 

15 One important aspect of human communication which has so far gone unmentioned in this 
analogy involves the role context plays in the overall transfer and subsequent use of linguistic 
information. That is, human language appears to be unique in that the receiver of the signal 
is also in possession of sufficient reasoning power to interpret its content. In this way, human 
communication systems have the power to use infommtion gathered from outside the signal 
(or from previously received portions of the signal) to evaluate the reliability of the received 
message. The knowledge that humans have such an interpretive capacity implies that the 
grammatical codes present within the Signal itself may not need to be as powerful at 
combatting noise as they might if such a capacity was not present. Nevertheless, the fact 
that humans have the potential to employ contextual (i.e. interpretive) information to 
evaluate the quality of the received signal does not answer the question of whether or not 
such information must be used to decode the message. Hence, the current study restricts its 
domain of investigation to consider only the encoding of that information which is internal to 
the linguistic signal. 
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encoder/decoder algorithm is argued to be instantiated in language in the form of the 

grammar of that language. Clearly, the strength of this argument rests on the extent to which 

such discoverable sequential and structural cues compare to the linguistic competence of the 

leamer/hearer obtained through other investigative means.16 

Anticipating somewhat, the evidence presented in chapter four shows that the set of 

purely phonologically conditioned rules converge on (i.e. identifies) both a set of featural 

elements and a set of grammatical constituents. As is shown, the set of featural elements 

identified by these purely phonologically conditioned rules turns out to be the set which is 

both necessary and sufficient to describe all of the "distinctive" sounds in the language. The 

set of constituents identified in the environments of these phonologically conditioned 

processes turns out to include the syllable, the morpheme, and the word. As a set, these 

identified constituents significantly overlap with the set of constituents necessary to perform 

other grammatical analysis (such as morphological, syntactic, and semantic analysis) on 

Turkish. Hence, the evidence from Turkish to be presented below strongly suggests that this 

set of processes performs the encoding/decoding function predicted by the Communication 

System Hypothesis. 

Summary 

This section began by listing what I have taken to be the basic elements of an 

information-theoretic communication problem: a source seeking to pass information to a user 

via a noisy communication channel, and an information-theoretic solution to that problem: an 

encoding algorithm/modulator to process/broadcast the source message, and a 

demodulator/decoding algorithm to receive/unpack the source message. In order to determine 

16 Dick Oehrle points out to me that this argument is strengthened to the extent that there 
are different properties in different languages all of which correspond to this functional need. 
That is, these need not be considered universal, but rather find a utilitarian explanation with 
respect to the orientation presented here. 
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whether this information-theoretic solution is instantiated in language systems, analogs for 

ea.ch of the basic design elements were sought after. Because natural language systems include 

speakers/signers, hearers/viewers, and linguistic productions extant in the physical world, I 

concluded that natural language systems instantiate the communication problem of 

transferring data over a noisy communication channel. Comparing an assumed mental 

representation of a linguistic production in light of the continuous wave form which is the 

physical linguistic signal, I concluded further that the articulatory and perceptual 

mechanisms of language perform a function analogous to that of the modulation and 

demodulation elements present in more general communication systems. 

The argument thus far discovers natural language analogs for all of the basic design 

elements of a communication system with the exception of the encoding and decoding 

algOrithms. I suggested that the existence of such processing algorithms could only be argued 

for indirectly given the present state of the art in psycholinguistic research, and argued that 

observation of these processors is limited to observation of the elements they contribute to the 

source message, that is, recognizable sequential and structural cues. I suggested a connection 

between the function of a natural language grammar and the function of such processing 

algorithms, and briefly described the research program conducted to investigate the 

plausibility of such a connection. 

1.4 Approaching the Problem of Language Acquisition tluough the Communication System 

Hypothesis 

The discussion in this section compares and contrasts the ways in which both the 

Innateness Hypothesis and the Communication System Hypothesis approach the problem of 

language acquisition. I discuss each of these in tum. 
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The Innateness Hypothesis 

The following statement of the Innateness Hypothesis can be found in Chomsky 

(1965:58): 

Figure 1.9 The Innateness Hypothesis of Chomsky (1965:58) 

"It seems plain that language acquisition is based on the child's discovery of what 
from a formal point of view is a deep and abstract theory - a generative grammar of 
his language ... A consideration of the character of the grammar that is acquired, the 
degenerate quality and narrowly limited extent of the available data, the striking 
uniformity of the resulting grammars and their independence of intelligence, 
motivation, and emotional state, over wide ranges of variation, leave little hope 
that much of the structure of the language can be learned by an organism initially 
uninformed as to its general character .. .!t may well be that the general features of 
language structure reflect, not so much the course of one's experience, but rather the 
general character of one's capacity to acquire knowledge.[p. 58]" 

The Innateness Hypothesis inferred in Chomsky (1965), which amounts to the proposition 

that humans have a genetic predisposition for acquisition and use of natural language, must 

surely be correct at some level: it is incontrovertibly true that humans do learn language, but 

other related species, such as chimpanzees and gorillas, do not appear to have such a 

capacity. However, even by assuming the Innateness Hypothesis to be true, there are 

nevertheless details of each particular language which simply cannot be considered to be 

innate (such as the superficial differences between, say, American English and British 

English). This being the case, it is reasonable to inquire about the existence and character of 

those language-internal mechanisms which permit the child to acquire details of the parent 

grammar which she simply cannot have been born knowing. Understanding the means a child 

(and, as shall be hypothesized, the parent grammar!) must bring to bear to solve the problem 

of acquiring such details may in fact permit insight into interpreting the character of what 

Chomsky (1986) refers to as UG, or the "initial state" of the language faculty. 
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Enter the Communication System Hypothesis 

Recall that while the Innateness Hypothesis proposes that the internal structure of 

natural language follows from part of the genetic code unique to homo sapiens, the 

Communication System Hypothesis proposes that the internal structure of natural language 

follows as a direct consequence of the communicative function it performs. As stated, the 

Communication System Hypothesis and the Innateness Hypothesis are not mutually 

exclusive: the Communication System Hypothesis makes no claims about the genetic makeup 

of humans, while the Innateness Hypothesis makes no claims about environmental pressures 

which might have been in part responsible for motivating linguistic structure. However, in 

determining the possible characteristics of the initial state of the language faculty, it is 

essential to consider the problem from the perspective provided under the Communication 

System Hypothesis, that is, the hypothesis that language is a communication system in the 

specific sense intended. 

Taking seriously the proposed analogy between encoder/decoder processors and the 

grammar of a language permits some interesting approaches into the problem of language 

acquisition. To understand this, recall that the decoder and encoder processors are matched to 

each other in a given communication system. This matching entails the ability of the decoder 

to recognize the structural and sequential encoding of the informative message performed by 

the encoder. If the encoder performs less encoding than what is expected by the decoder, the 

processed signal may be corrupted by channel noise; even a successful transmission may be 

interpreted by the decoder as nevertheless corrupted because the signal may be interpreted to 

contain some missing elements. Further, any additional coding performed by the encoder 

which is unrecognizable to the decoder will have the undesirable result of corrupting the 

source message (since the decoder would be unable to distinguish between such coding and the 

original source message in this case). Therefore, the processing performed by the encoder is 
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constrained to include only that coding which is recognizable to the decoder, no less and no 

more. 

If this analogy is a correct one to make with respect to language systems, it bears 

directly on the problem arising whenever a child seeks to acquire her first language. Because 

in the most reliable communication system the encoding and decoding processes are designed to 

match each other, the system itself exerts pressure for the child grammar to match that of 

the parent. Since she cannot "come equipped" with at least some of the details of some of 

these processes, they must be provided for her by other means. If they are not provided by the 

initial state of the language faculty, then, by hypothesis, they must be provided by the 

language stimulus itself: the encoder which is the parent grammar must teach the decoder 

which is the child grammar details about its nature. Further, it must do so in a finite period 

of time and through a finite amount of exemplary data. This hypothesis, which essentially 

considers spoken language to be an instance of an ergodic system, is referred to hereafter as the 

Hypothesis of Instantiation: 

Figure 1.10 The Hypothesis of Instantiation 

Grammatical processes identify the carriers of grammatical information and 
instantiate the grammatical constituents in a given natural language. 

The Hypothesis of Instantiation predicts, essentially, that those grammatical processes of a 

natural language which are identifiable from the linguistic signal itself bear much of the 

burden of teaching that language to a child. By hypothesis, this instruction succeeds because 

grammatical processes identifiable in the linguistic signal refer only to those elements which 

are important for additional grammatical analysis, namely its carriers of grammatical 

information (intended here to refer to phonological elements which the language contrasts), 

and its grammatical constituents. 
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Such a hypothesis anticipates a linguistic signal produced by a language source to be 

enriched with cues regarding at least a portion of its structural and sequential coding. This 

enrichment must be sufficient to permit the decoder/grammar of the language user both to 

learn and to accurately reconstruct elements of the source message from the received signal. 

This anticipation is presented below as the Richness Hypothesis: 

Figure 1.11 The Richness Hypothesis 

The physical language stimulus is sufficiently rich to reveal details about the 
internal structure which produced it. 

The Richness Hypothesis is intended apply to a corpus of the utterances of a language. That 

is, the Richness Hypothesis does not claim that every single utterance performable in a 

language is sufficiently rich in observable structure, but rather that when a large collection of 

such utterances is inspected, details of the structure which produced it are revealed. Future 

reference to the Hypothesis of Instantiation and it associated Richness Hypothesis shall 

assume this distributive interpretation. 

Thus, if the Communication System Hypothesis is indeed relevant to human language 

systems, it motivates the Hypothesis of Instantiation which in turn requires a linguistic 

signal rich in structural and sequential cues. If the Hypothesis of Instantiation is borne out in 

language systems, it bears directly on the intrinsic ability of the language learner to recognize 

the structural and sequential components of it introduced by the parent grammar without some 

additional, genetically-based clues as to its character. This point is taken up generally 

immediately below, and in more detail in the following chapter. 

Towards a Theory of Language Learning 

Exploring the details of the cognitive machinery a child must bring to bear to solve 

the problem of language acquisition exists as a domain of inquiry required both by the 

Innateness Hypothesis and by (as is described above) the Communication System Hypothesis 
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as well. Fonnallinguistic treatments such as Wexler & Culicover (1980) and Hammond (1991) 

suggest an enrichment of the acquisition device available to humans as a means of alleviating 

the burden borne by UG. That is, considering humans to possess a more powerful means of 

acquiring knowledge relieves some of the burden which would otherwise be left to the initial 

state of the language faculty to supply to the language learner. 

The Communication System Hypothesis also seeks to learn more about such machinery because 

it deals with those processes which by hypothesis fall outside the domain of coverage of UG. 

It is this tack which shall be pursued in more detail in the following chapter. 

Summary 

Pursuing a line of linguistic inquiry consistent with the Communication System 

Hypothesis leads to the Hypothesis of Instantiation and its associated Richness Hypothesis. 

These hypotheses predict that the linguistic signal is in fact rich with cues pertaining to its 

internal structure, and that such cues are present to aid in the acquisition process. Taken to its 

logical extreme, the Communication System Hypothesis predicts that the grammatical 

structure directly observable within the physical speech signal will be sufficient to give 

access to the grammar (or at least a set of grammars) which produced it, while the Innateness 

Hypothesis predicts that this directly observable grammatical structure need reveal only a 

small portion of the source grammar which produced it. Consistent with both the 

Communication System Hypothesis and the Innateness Hypothesis, however, is the notion of 

shifting the burden of language acquisition from the "initial state" of the language faculty to 

a more powerful learning device. This learning device could in principle be thought to exploit 

whatever structure is present in the language stimulus, and thus relieve some of the burden 

from UG to infonn the child of the character of the grammar producing that stimulus. Part of 

the remainder of this document will be devoted to discovering at least some of the properties 
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that such a learning device must include in order to permit the acquisition of phonological 

systems. 

1.5 The Content of this Thesis 

The Communication System Hypothesis has the potential to apply to a wide range of 

linguistic phenomena. This particular research examines only a very small portion of such 

phenomena, and must leave the rest for future inquiry. This study isolates itself to 

phonological theory, and within that domain, specifically to those processes which are 

considered to be "purely phonologically conditioned" in the sense that the description of their 

environments requires no additional reference to other grammatical information of a semantic, 

syntactic, or morphological nature. Even more specifically, this research assumes the 

validity of the Richness Hypothesis and then considers what must be present either in UG or 

in some learning device to permit the observation of such processes from the linguistic 

stimulus, and what the possible ramifications for a child's knowledge of language are as a 

consequence of having made such observations. 

The following chapter of this thesis introduces Phonetic Representation Minus, the 

representation over which the observation of such processes takes place. This representation 

is similar to the familiar phonetic representation, but shall be shown to follow from a 

different conceptual perspective. Having defined this representation, chapter two explicitly 

develops some of the properties which must hold for a learning mechanism to permit 

observation (and hence acquisition) of the environments of phonologically conditioned 

processes. Two additional phonological representations, the constituent space and the root 

space, are developed as by-products of the development of the learning theory. 

Chapter three describes the internal structure and function of the model of 

Instantiative Phonology which is based on the Hypothesis of Instantiation. Features of this 

model include a tightly constrained (and hence highly predictive) conception of rule 
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typology, rule application, and rule ordering. As is argued, this constrained conception does 

not limit the generative power of the model in any undesirable fashion. The function of the 

model leads to the prediction that phonological systems of the type considered here 

constitute an efficient and reliable mechanism to parse natural language. 

The fourth chapter of the thesis is devoted to the analysis of some purely 

phonologically conditioned processes in Turkish. Observation of these processes yields 

considerable details regarding the internal structure of Turkish constituents as well as its 

"distinctive" sound inventory. The results of this analysis are interpreted as empirical 

support for the Hypothesis of Instantiation, the Richness Hypothesis, and hence the 

Communication System Hypothesis. 

The fifth and final chapter of this thesis places these results and their implications 

for future research in a context with respect to the domain of linguistic research in generative 

grammar. 

1.6 Concluding Remarks 

This chapter presented two different conceptions about the nature and origin of the 

internal structure of natural language. The first conception presented was the Communication 

System Hypothesis, which considers the internal structure of natural language to follow as a 

direct result of its function as a communication system. The second conception, the Innateness 

Hypothesis, considers the internal structure of natural language to follow from a natural-

language particular genetic component unique to homo sapiens. Through a somewhat general 

consideration of the components of natural language as functional analogs to the design 

elements of communication systems, I argued that a logical extension of the Communication 

System Hypothesis provides the means to evaluate certain details of the Innateness 

Hypothesis. Because the Communication System Hypothesis contributes to the potential 

falsification of the Innateness Hypothesis, then following the philosophy of Popper (1965) I 



41 
conclude that the research program developed and investigated under the Communication 

System Hypothesis has the capability to inform research conducted under the Innateness 

Hypothesis in a unique and powerful way. Hence, regardless of the details of one's conceptual 

orientation, the results of this research will both inform and contribute to the general 

understanding of natural language phonological systems. 

In addition to these somewhat philosophical motives, research conducted under the 

Communication System Hypothesis leads to precise empirical predictions about the nature 

and function of grammatical processes in language. Following along the lines of the 

Mathematical Theory of Communication, grammatical processes are argued to contribute to 

the reliable transmission of the linguistic signal across the noise of time and space. Due to the 

nature of language acquisition, grammatical processes are also predicted to perform a 

pedagogical function, revealing the details of the grammar of the language to aid the learner 

in the acquisition problem. Exposition of these issues appears in the ensuing discussion. 
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Chapter 2. Learning Phonological Rules 

20 Introduction 

Recall the Hypothesis of Instantiation and its associated Richness Hypothesis from 

chapter one, repeated for convenience below: 

Figure 2.1 The Hypothesis of Instantiation and the Richness Hypothesis 

The Hypothesis of Instantiation: Grammatical processes identify the carriers of 
grammatical information and instantiate the grammatical constituents in a given 
natural language 

The Richness Hypothesis: The physical language stimulus is sufficiently rich to 
reveal details about the internal structure which produced it. 

Assuming these two hypotheses to hold for natural language, it is the goal of this chapter to 

identify properties which a learning mechanism must have access to in order to discover a set 

of grammatical processes given only the information included in a representation of the output 

of those processes. 

The discussion proceeds in the following fashion. First, the input representation over 

which the claims being made here are assumed to hold is introduced. This representation is 

shown to be analogous in practice to phonetic representation but to differ from that 

representation in important ways. Following that, an analysis is presented of two 

phonologically conditioned processes from American English. Once described, the output of 

these processes is examined from the perspective of a learner trying to infer such rules when 

provided only with a representation of their outputs. This examination reveals a number of 

properties which must be present in the learning mechanism to affect a solution to the problem 

of acquiring such processes in the manner described. 
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2.1 Phonetic Representation Minus 

Chomsky and Halle (1968), hereafter SPE, among others recognized the need for 

phonological theory to include a symbolic representation of the physical language stimulus.1 

SPE named that representation phonetic representation and argued that it can be thought to 

contain a set of primitive, speaker-controlled parameters from which both speech sounds and 

grammatical patterns are built. Because the phonological theory of SPE was developed in a 

manner consistent with the Innateness Hypothesis, it did not consider phonetic representation 

to be a representation uninformed by natural language grammar or the genetic endowment. On 

the contrary, SPE interpreted this phonetic representation 

" ... not as a direct record of the speech signal, but rather as a representation of 
what the speaker of a language takes to be the phonetic properties of an 
utterance, given his hypothesis as to its surface structure and his knowledge of 
the rules of the phonological component .... Moreover, since the phonetic 
transcription, in this sense, represents the speaker-hearer's interpretation 
rather than directly observable properties of t.he Signal, the existence of 
certain discrepancies between the transcription and the signal can be 
understood. [po 294]" 

The following diagram illustrates SPE's conceptualization of phonetic representation 

as a representation of the linguistic signal: 

1 For expository purposes and space limitations, I hereafter confine my discussion of language 
systems to those which employ the acoustic/auditory mode, that is, spoken languages. 
Although I do not expect the internal organization of signed languages to be different from the 
spoken languages discussed here, I must leave such questions open to future investigation. 



Figure 2.2 SPE's conceptualization of phonetic representation 

Human Perceptual 
Apparatus 
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The ensuing discussion concerns the feedback link between phonetic representation and the 

contents of the phonological component. 

Recall from chapter one that evaluation of the Hypothesis of Instantiation and its 

associated Richness Hypothesis requires exploring the range and depth of grammatical 

information contained in the physically observable linguistic signal. Because, as stated 

above, the phonetic representation of SPE is "the speaker-hearer's interpretation rather than 

the directly observable properties of the signal," it cannot be considered to be an adequate 

means of evaluating the empirical predictions of the Richness Hypothesis without 

undergoing at least some modification. Because the model of phonological organization 

developed here is to be consistent with the Richness Hypothesis, it can only admit those 

components of phonetic representation which are "directly observable properties of the 

signal." Fortunately for this analysis, many of the speaker-controllable properties of the 

linguistic signal introduced and developed by SPE are "directly observable." 

In contrast to SPE's conceptualization that the phonetic representation of a language 

is influenced by a speaker's " ... hypothesis as to its surface structure and his knowledge of the 

rules of the phonological component. .. ," the discussion below defines a symbolic 
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representation intended to be a map of the physical properties of the speech signal which is 

otherwise free from influence by other elements of the grammar, or a phonetic representation 

minus. In other words, phonetic representation minus, or PRM, is intended to contain no direct 

access to any semantic, syntactic, or morphological information. PRM comprises the 

representation on which the empirical claims of the model are to be evaluated. So conceived, 

the PRM representation is illustrated below: 

Figure 2.3 Phonetic Representation Minus 

Human Perceptual 
Apparatus 

Direct comparison with the schematic organization of phonetic representation in Figure 2.2 

shows that PRM differs from phonetic representation in that the feedback link between the 

phonological component and phonetic representation has been severed. 

A Brief Example 

Conceptually, then, PRM differs from phonetic representation in the fashion 

described above. But how might this difference manifest itself empirically? The analysis of 

obstruent stop voicing differences presented in Keating (1984) provides one example. 

Keating (1984) investigates the ability of SPE's binary phonological feature [±voice] 

to describe phonetic differences in obstruent stop voicing both across languages and within a 

single language across contexts. As Keating (1984) discusses, this investigation evaluates a 
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proposal made in Lieberman (1970, 1977) that [±voice] be interpreted as a cover term to 

describe consonants produced with Voice Onset Time (VOT) values lying within different 

regions of the VOT continuum.2 Keating (1984) reports that although stops could in principle 

assume any value along the VOT continuum, languages appear to respect three distinct and 

fixed regions of that continuum. The study finds that stops are consistently grouped into the 

following three regions of the VOT continuum: (voiced), associated either with negative VOT 

values (i.e. pre-voicing); (voiceless unaspirated), associated with short VOT values (of the 

order 0-40 ms); and (voiceless aspirated), associated with comparatively long VOT values 

(>30 ms). Keating (1984) goes on to cite several psycholinguistic studies (specifically, 

Abramson & Lisker 1972, Williams 1974, Pisoni 1977, Carney et al. 1977) which report 

elicitation of categorical perception effects from subjects for boundaries corresponding to these 

three phonetic categories even for those boundaries which are not reinforced by a linguistic 

contrast in the subject's language. 

For speakers of American English, Keating (1984) found consistent variation for the 

VOT values of stops across phonetic contexts. Analyzing the speech of six speakers yielded 

the following patterns. Initial stops which are phonologically [-voice] have large VOT 

values, indicating the presence of aspiration (see note 2). Phonologically [+voice] initial 

stops have small VOT values which do not vary across stress contexts, and these stops are 

occasionally pre-voiced as well; phonologically [-voice] initial stops are not pre-voiced. 

Medial stops which are phonologically [+voice] are generally found to have at least some 

voicing during their closure. This is distinct from phonologically [-voice] stops, which 

continue to have large VOT values before main and secondary stress. In those contexts where 

2 Voice Onset Time (Lisker & Abramson 1964) is the time measured from the release of a stop 
closure to the onset of voicing. Keating (1984) points out that aspiration results for any 
appreciable length of VOT, hence VOT links aspiration and voicing phonetically. 
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medial [-voice] stops precede reduced vowels, VOT values diminish, but nevertheless no 

voicing during their closure is reported. Hence, American English speakers appear to 

maintain a phonetic distinction between phonologically [-voice] tokens and phonologically 

[+voice] tokens by consistently producing [-voice] tokens and only [-voice] tokens in the 

(voiceless aspirated) region of the VOT continuum across most contexts. In medial position 

preceding a reduced vowel, where [-voice] stop tokens are produced with VOT values falling 

into the {voiceless unaspirated} region, they remain distinct from [+voice] tokens due to the 

lack of voicing during the stop closure (that is, in this context [+voice] tokens are produced 

with at least some voicing during the closure and therefore fall into the {voiced} region of the 

continuum). 

To summarize, cross-linguistic phonetic evidence motivates isolation of three distinct 

and fixed regions along the VOT continuum. This invariance arises in spite of the fact that 

languages could in principle differ greatly with respect to where their particular consonants 

are produced along this dimension. Evidence obtained by analyzing tokens produced by 

speakers of a single language, American English, shows that across language-internal 

phonetic contexts these distinctions are consistently maintained. Further, the 

psycholinguistic studies cited in Keating (1984) support the notion that the perceptual system 

is capable of recognizing these category distinctions even when no linguistic experience exists 

to aid that system in its judgement. 

Given the capacity of the perceptual system to parse out three distinct regions along 

the VOT continuum independent of linguistic experience coupled with the generalization that 

these categories are apparently respected cross-linguistically, it is therefore possible to 

construct a symbolic representation of the VOT values of linguistic signal without recourse to 

specific grammatical information. What is more, consistent patterns exist within such a 

representation whose recognition does not depend on specific grammatical knowledge (c.f. the 
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phonetic generalizations of stops in American English across contexts). Therefore, I believe 

the results from the Keating (1984) analysis argue that the feedback loop proposed to exist by 

SPE between phonetic representation and the phonological component is not necessary, and 

hence that the definition of PRM is not at odds with available facts about linguistic systems. 

The Contents of the PRM Representation 

With the caveat provided by the preceding example, in accord with SPE, the contents 

of the PRM representation are assumed to include a set of features describing the various 

articulatory gestures from which speech sounds are composed.3 Following the results of 

Clements (1985), Sagey (1986), Pulleyblank (1989), etc., I assume the formal representation of 

these gestures to be represented in some hierarchical fashion which is at least loosely 

connected to the architecture of the vocal tract, such as the following, which follows the 

spirit of Pulleyblank (1989):4 

Figure 2.4 A hierarchical organization of phonological features 

Laryngeal 

[±Sp. glottis] 

[±con. glottis] 

[±low] 

[±back] 

3 In addition to representing the articulatory components of speech, the PRM is also assumed 
to include a means of representing linguistically relevant units of time, such as the mora. 
4 Sagey (1986) argues that this hierarchical organization is based completely on the 
physical structure of the vocal tract, while Clements (1985), and to some degree Pulleyblank 
(1989) argue that the details of this hierarchy are motivated by phonological evidence. 
These issues are for the most part orthogonal to the claims being made here. 
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For purposes of this study in light of Keating (1984), the three phonetic categories (voiced), 

(voiceless unaspirated) and (voiceless aspirated) shall be represented in PRM, respectively, 

through the following combinations of [±voice] and [±spread glottis]: [+voice, -sp. glottis], 

[-voice, -sp. glottis], and [-voice, +spread glottis]; the fourth logically possible combination 

of [voice] and [sp. glottis], [+voice, +sp. glottis], is considered to be internally inconsistent and 

therefore is not used. 

PRM also contains within it instances of the symbol:f:. An occurrence of :f: is taken to 

represent a p~ysical instance of a pause, or period of silence when no linguistic signal is 

present. For purpose of discussion, the term utterance used hereafter shall refer to a period of 

linguistic noise bounded by :f: at each of its terminals and containing no internal instances of :f:. 

This concept shall become important in the development of properties of the learning 

mechanism discussed below. 

The Location of the PRM Representation 

In terms of the communication system model presented in chapter one, PRM represents 

the language signal at the stage following the processing performed by the encoder/grammar 

but preceding the transformation from a linguistiC signal represented in the mind of the 

speaker to a linguistic signal broadcast into the acoustic channel performed by the modulator. 

The following diagram schematizes the location of PRM within the model. 

Figure 2.5 The location of PRM within the communication system model 

Source ~I Encoder/Grammar I .", I Modulator 

Phonetic 
Representation 

Minus 
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PRM is also assumed to apply to the linguistic signal received by the user. At this end of the 

communication system, PRM represents the linguistic signal at the stage after it has been 

demodulated by the auditory system but before it has been processed by the decoder/grammar. 

This too is diagrammed below: 

Figure 2.6 The location of PRM in the receiving portion of the communication system 
model 

Demodulator I-~:bf Decoder/Grammar 

Summary 

Phonetic 
Representation 

Minus 

This section defines phonetic representation minus, PRM, to represent the (spoken) 

language stimulus at a stage after all grammatical encoding has been performed but before 

that stimulus is transformed into a continuous acoustic waveform. Given the reflexivity of the 

communication system model at the receiving end of the signal, PRM is also taken to represent 

the language stimulus at a stage following its transformation from a continuous acoustic 

waveform into a symbolic representation which can be processed by the receiving 

grammar/decoder, and the source message delivered to the user. PRM is intended to be for the 

most part identical to the phonetic representation with the conceptual difference that it is 

intended to contain no direct access to any semantic, syntactic, or morphological information. 

The results of Keating (1984), for example, show that this conceptual restriction does not 

reduce the utility or expressive power of PRM in any undesirable way. The contents of the 

PRM are taken to include those elements symbolic of the articulatory gestures for speech 

production typically associated with phonetic representation. Moraic units (~'s) are also 
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included in PRM to represent linguistically meaningful units of time. PRM forms the 

input/output representation over which the theoretical claims presented here are made. 

2.2 The Notion of Observability 

Having introduced the input/output representation of the model, the discussion now 

proceeds on to the task of describing how phonological regularity is identified within PRM. 

In an effort to test the empirical validity of the Richness Hypothesis, the model developed 

here seeks to determine: (1). what clues referring to the internal structure of a particular 

language are present in its encoded form; and (2). what are some of the characteristics which 

must necessarily be included in a learning mechanism to permit the appropriate 

interpretation of these clues upon observing them in the PRM representation. To this end, the 

notion of observability is defined below: 

Figure 2.7 Definition: observability 

A rule or process is observable in a representation if and only if it can be inferred on 
the basis of the information available within that representation 

Recall from section 2.1 above that PRM is defined to represent the linguistic signal just 

at the point following the application of all grammatical processes and before that signal 

has been transformed into a continuous acoustic waveform. Further, PRM differs conceptually 

from the phonetic representation of SPE in that it is considered to be interpretable without 

recourse to any semantic, syntactic, or morphological information. Hence, the character of the 

information which is available within PRM is limited to the symbolized articulatory 

gestures and timing units described above.5 

5 This representation can be defined to support the representation of certain gradient 
processes as well if such representation is desired. None of the arguments presented here 
hinge on this detail. 
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The discussion turns now towards the observation of grammatical patterns expressible 

in terms of the information available within PRM. The following sections begin this 

investigation with respect to patterns arising from some of the purely phonologically 

conditioned rules of American English. 

2.3 Two Rules from American English 

This section presents two purely phonologically conditioned processes included within 

the phonology of American English. The processes discussed include the systematic variation 

in the duration of stressed vowels and the nasalization of vowels before tautosyllabic nasals. 

Subsequent discussion argues that these processes permit the identification of several 

properties which a learning mechanism must possess in order to acquire them from their 

output in PRM. 

The Distribution of Surface Vowels in American English 

The following forms illustrate the inventory of surface oral vowels and diphthongs in 

the author's midwestern idiolect of American English: 

Figure 2.8 The surface vowel inventory of American English 

[i] beat [u] boot [a] f!tther [a] !!bout 

[I] bit [u] put [r] bird [~] adjective 

[e] bait [A] but [a I] bite 

[E] bet [0] boat [au] bout 

[a!] bat [0] bought [0 I] boil 

This set of surface vowels (and their nasalized counterparts) form the vowel inventory 

relevant to the following discussion. 



53 

Vowel Shortening 

The systematic differences in the duration of stressed vowels when they appear in 

different environments is one of the more well-documented phenomena of American English 

phonology. Empirical studies which include House & Fairbanks (1953), Peterson & Lehiste 

(1960), House (1961), Chen (1970), Umeda (1975), etc., report systematic and reproducible 

durational differences for stressed vowels produced in either open syllables or before 

tautosyllabic voiced sounds (both voiced sonorants and voiced obstruents are associated with 

lengthened vowels) as compared with stressed vowels appearing before tautosyllabic 

voiceless sounds. These studies found the duration of a vowel before a tautosyllabic voiceless 

sound to be consistently about two-thirds of the duration of that vowel before a tautosyllabic 

voiced sound.6 

The effects of this systematic difference in duration can be captured through the 

proposition of a rule which affects the duration of a vowel in the appropriate context. 

Because stressed vowels preceding tautosyllabic voiceless sounds are systematically shorter 

than vowels in either an open syllable or a syllable closed by a voiceed sound, the rule must 

6 Certain attributes of the acoustic speech signal exploited by phonological grammars in 
language lend themselves to representations symbolic of clear distinctions in physical state. 
For example, nasality and VOicing in the acoustic signal can either be absent or present. More 
finely determined distinctions may be made concerning how much of these quantities occur, but 
nevertheless a clear and basic distinction exists between presence or absence of the gesture. 
Similarly, the presence or absence of articulation performed with the tongue in contact with a 
particular articulator (or close enough to cause frication) is also clearly determinable. 
However, this is not the case with time, which as these differences in duration clearly show 
appears to function as a linguistically salient and manipulable variable. Although the PRM 
representation is taken to include those symbols reflecting changes in articulatory state such 
as [+nasaI] or [-voice] but not to include ways of distinguishing more or less of these states, the 
PRM representation is nevertheless considered to be sufficiently robust in its representation of 
time to include the representation of the systematic differences in vowel duration mentioned 
here. 
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shorten the duration of a stressed vowel in those syllables where a voiceless sound 

immediately follows. 

The studies listed above describe no instance where application of this Vowel 

Shortening rule depends upon any particular grammatical information beyond the presence of 

a tautosyllabic voiceless sound. Hence, Vowel Shortening is a purely phonological process 

which shortens the duration of all stressed vowels followed by a tautosyllabic voiceless 

sound. 

Vowel Nasaliza.tion 

Malecot (1960), Stampe (1972), Hooper (1977), and Kaisse (1985), among others, 

discuss the American English rule of Vowel Nasalization, which obligatorily nasalizes a 

vowel when it appears before a tautosyllabic nasal. The figure below presents representative 

forms: 

Figure 2.9 Data representative of American English Vowel Nasalization 

Form Gloss 

dean 

plenty 

a name 
/ 

rend rend 
/ 

sama!nea Samantha 

Form 

d " / lnay 

anEt 

Gloss 

deny 

Annette 

an aim 

genn 

a me y Z I I) amazing 

Nasality differences on the initial vowel of the pair dean and deny illustrate the different 

effects of Vowel Nasalization. The initial vowel of dean is nasalized by the following nasal 

because both are members of the same syllable. The initial vowel of deny provides a 

contrasting situation: because the nasal in deny is associated with the second and not the first 

syllable, the initial vowel of the form is not produced with nasal co-articulation. As the form 
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rend illustrates, nasal co-articulation can spread leftward throughout the domain of the 

syllable if its onset can bear nasality. 

Analogous to Vowel Shortening above, application of Vowel Nasalization is 

insensitive to grammatical information beyond the requirement that the vowel and following 

nasal be members of the same syllabic constituent. Hence, Vowel Nasalization ranks among 

the set of purely phonologically conditioned processes of American English. 

Having described the effects of Vowel Shortening and Vowel Nasalization, it is now 

the task to consider the details of the formal machinery which must be in place in order for a 

learner to infer the existence of these processes based solely on observation of their output in 

the PRM representation. 

2.4 Motivating Properties of the Learning Mechanism 

The processes of American English described immediately above are of considerable 

interest to the perspective considered here. The conditioning environment of each process can 

be defined in purely-phonological terms, hence each can be completely defined using objects 

available within PRM.7 Because description of the conditioning environments of processes 

such as these requires only phonological information, one might plausibly imagine such 

processes to be at most only weakly relevant to UG, the initial slate of the linguistic faculty. 

In an effort to determine more exactly what role UG plays in the acquisition of different 

dimensions of linguistic knowledge, such imaginings amount to the working hypothesis 

explored here. Since UG is hypothesized to play at most a minor role in the acquisition of 

such processes, they might reveal a great deal about properties of the learning mechanism, 

because this mechanism must bear the full burden of identifying and acquiring them. 

7 Recall from section 2.1 that the objects available within the PRM representation are purely 
phonological-that is-PRM is considered to contain no direct representation of any higher
order grammatical information within it. 
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Attending to the Order at llie Edges 

A necessary beginning to describing the function of the learning mechanism with 

respect to its input data concerns deciding those details within that data which such a 

mechanism shall initially attend to during the acquisition process. The learning mechanism 

described here is sensitized to treat as primary those data from two distinct regions of the 

linguistic signal: its beginning and its end.8 

This choice, in my opinion, is not an unmotivated one. One reason to choose such 

regions to delimit the window attended to is that initial and final edges exist in every single 

utterance, and they can be detected without any terribly sensitive or sophisticated 

equipment.9 Also, choosing initial and final regions of the utterance provides the system 

with an attentive window with at least one "hard" edge determined independently from the 

system. This feature allows one to define the size of the window relative to the specific 

components attended to, without recourse to some inflexible or absolute dimension. For 

example, this flexibility supports the following hypothetical instructions: pay attention to 

the last stretch of nasalization before the final edge, or, attend to the duration of the initial 

vowel; etc.10 The implications of this choice shall become clear below. 

8 Of course this choice is not meant to imply that equivalent mechanisms could not be defined 
with respect to other regions of the signal. 
9 This second property is not shared by middles, which also are components of every 
utterance. Accurately detecting a middle requires measuring the duration of the utterance and 
dividing by two; defining windows at other subdivisions of the utterance requires similar 
mathematics. 
10 These remarks attempts to formalize the following intuition, which I fear must remain in 
anecdotal form for the time being. While trying to learn a second language, German, I 
attended a conversation class at the University of Illinois. On the first day of class, I 
discovered to my dismay that although I could read the language fairly well, I could not 
understand what in the world the professor was talking about. I realized that I was groping 
for words in his utterances but by the time I had isolated one he was several utterances away. 
For that first class I had to be content with monitoring his output for the first item (nearly 
always a noun) and the last item (always a verb) of any given utterance. What I continue to 
find compelling about this experience is that although I was fairly well acquainted with a 
number of the morphological, syntactic, and semantic details of the language, I was 
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The Output of the Fragment 

In order to identify and understand attributes that the learning mechanism must have 

in order to observe and hence acquire phonological rules representable within PRM, it is useful 

to explore how the output of the fragment of American English Phonology discussed in section 

2.3 appears in this representation. 

Vowel Shortening and Vowel Nasalization 

Characteristics of the distribution of an utterance-final vowel are governed by Vowel 

Shortening and Vowel Nasalization (only an utterance-final vowel is considered here, 

because each rule is triggered by an element which follows it). The generalizations depicted 

in the figure represent the discovery of positive evidence for the relevant item in the named 

environment. 

Figure 2.10 The utterance-final distributions produced by Vowel Nasalization and Vowel 
Shortening 

a. Oral Vowels 

vt V [+vce]:j: V2/ 3[-vce]:j: 

b. Nasal Vowels 

VN ... :j: where ... includes any other non-vocalic elements and does 
include non-nasal elements. 

To paraphrase the information contained in Figure 2.10, oral vowels are found both utterance-

finally and preceding elements which are either voiced or voiceless. When an oral vowel 

occurs before a voiceless element, its duration is found to be only two-thirds (~) of its duration 

in other contexts. Nasalized vowels are positively identified to occur in those environments 

where another nasal sound immediately follows. 

nevertheless helpless, because I simply could not find isolate from the professor's output the 
linguistic forms to attach all of this higher-order significance on to. I eventually learned to 
understand his speech and even produce my own feeble versions of it in return, but I know for a 
fact that I gained this prowess by working from each edge inward. 
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The occurrence of a shorter vowel or a nasalized vowel, then, is predictable based on 

the particular details of the context in which the vowel appears: if a vowel immediately 

precedes a voiceless sound, that vowel is two-thirds the duration it would be if an instance of 

[-voice] did not follow iti conversely, if a vowel appears which is only (~) of its expected 

duration, then an instance of [-voice] follows it. Similarly, if a vowel immediately precedes 

a nasal sound, that vowel is itself nasalized, and if a nasalized vowel is detected, then a 

nasal sound immediately follows. The following implicational statements encapsulate these 

generalizations: 

Figure 2.11 Implications consistent with the distributions produced by Vowel 
Nasalization and Vowel Shortening 

a. V[-vce] ~ V2/3 

v2/3 ~ V [-vce] 

b. VN~V 

V~VN 

Recall from the discussion above that distributional evidence in such a context (i.e. 

utterance-finally or utterance-initially) constitutes the primary data attended to by the 

learning mechanism. To understand the reason motivating such a choice for the attentive 

window, now consider the cases which arise when VN sequences occur within an utterance (and 

not at its edge).ll 

Utterance internally, two distinct types of vowel-nasal sequences can arise (c.f. Figure 

2.9); each is represented schematically in the following figure: 

Figure 2.12 Non-utterance-final instances of VN sequences 

a .... VN ... b .... VN ... 

11 For expositional clarity, only those occurrences of vowels and following nasals are 
considered in the following discussion. Analogous arguments hold of those cases when a 
voiceless sound follows a vowel. 
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Recall that an occurrence of a vowel followed by a tautosyllabic nasal triggers the 

application of Vowel Nasalization. Hence, the instance of a VN sequence described in Figure 

2.12a arises whenever a vowel and a following tautosyUabic nasal occur within the utterance 

(such as in the fonn planet). However, situations also arise within utterances where a vowel 

is immediately followed by a nasal which is itself not a member of the same syllable. This 

situation results in the VN sequence described in Figure 2.12b. Here, the immediately 

preceding vowel does not occur in the environment necessary to trigger Vowel Nasalization, 

and hence does not occur with nasal co-articulation (such as in the form Annette). It is with 

respect to the correct interpretation of these utterance-internal data that some of the 

properties of the proposed learning mechanism become clear. 

Consider the implications arising for a learner whenever she encounters VN sequences 

of the type schematized in Figure 2.12b, that is, where a vowel immediately preceding a 

nasal does not occur with nasal co-articulation. The existence of these cases appears to 

invalidate one condition of the biconditional generalization embodied by the implicational 

statements of Figure 2.11, namely VN ~ V. However, to be a speaker of American English is to 

have acquired this obligatory phonological process, hence the existence of data of this type 

cannot be daunting to the learner. How then is the presence of such data to be interpreted by 

the learning mechanism? 

Recall from the previous discussion that the learning mechanism was initially 

sensitive to the edges of utterances. The distributional evidence and resulting implicational 

generalizations given in the figures above are based on this sensitivity. Assume for the 

moment that the learning mechanism considers generalizations based on these distributions to 

be correct, that is, that the existence of generalizations derived from the distribution of 

sounds at the edges of utterances is sufficient to trigger the acquisition process. With this 

assumption in place, more can be said about VN sequences observable by the learner where the 
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vowel in question has no nasal co-articulation. Vowel Nasalization applies without 

exception within a conditioning environment confined to those vowels and nasals which are 

members of the same syllable domain. Vowels are thus obligatorily nasalized not by just any 

following nasal but specifically by a following tautosyllabic nasal. This distinction, which is 

crucial to the description of the process environment, is structural in nature. Reviewing the 

schema of Figure 2.12 with this distinction in mind then, the cases where the rule does not 

apply (that is, where VN -It V) are restricted to exactly those cases where some structural 

distinction exists between the non-nasalized vowel and the following nasal. In the notation of 

implications presented above, a nasal following a nasalized vowel implies the elements are 

members of the same constituent, while a nasal following a non-nasalized vowel implies that 

the elements are members of two different constituents: 

Figure 2.13 Nasals following non-nasalized vowels are members of a different constituent 
than the vowel 

V-7VN ... 1 but VN -7 vlN 

Given that this structural distinction holds between non-nasalized vowels following 

nasals in the parent grammar to be acqUired, consider how these data can (and must) be 

interpreted by the reasoning mechanism when it encounters them. In light of the preceding 

assumption that bi-conditional evidence of the form VN -7 V and V -7 VN which holds at the 

edge of utterances is sufficient to denote an instance of phonological regularity by a leamer, 

then this apparent falsification of one condition of that generalization-which appears to 

imply that the regularity is determined either by some optional process or some exception-

ridden process-in fact holds only for those instances of VN where the two are not in the same 

structural constituent. If, as is assumed here, the learning mechanism can infer regularity on 

the basis of bi-conditional evidence valid at the edges of utterances, then it appears that this 

same mechanism can infer the existence of a structural boundary wherever this bi-
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conditionality appears to be invalid for data found internal to the utterance. If such a 

structural boundary is posited between the non-nasalized vowel and the following nasal, then 

the nasal and vowel can be treated as non-local with respect to each other. Instances where a 

VN sequence appears to falsify the bi-conditional generalization valid at the edges of 

utterances thus can be interpreted as instances which are completely systematic. Positing 

abstract structure in such cases allows the learning mechanism to preserve (or restore) bi-

conditionality. 

A Recapitulation 

The logic of this section is complex enough to warrant a second approach. Consider 

the mind of a child to contain a reasoning/learning mechanism. Assume this reasoning 

mechanism to have the following two properties: 1). the reasoning mechanism interprets a 

distributional generalization valid at the edges of utterances to indicate a pattern; 2). the 

reasoning mechanism interprets an apparent falsification of one condition of this otherwise 

bi-conditional generalization utterance-internally to indicate not exceptional behavior but 

rather the existence of intervening structure systematically blocking the existence of the 

pattern. Put simply, assume the learning mechanism is predisposed to find structure internal 

to the utterance and pays attention to the distribution of sounds at the edges of utterances in 

order to do so. 

Now consider how the data generated by application of Vowel Nasalization is 

interpreted by such a reasoning/learning mechanism. The distribution of nasalized vowels in 

American English is limited in the parent grammar to environments containing a following 

nasal. By property (1), the learning mechanism interprets this distribution as indicative of a 

pattern which can be described by the implications VN -) V and V -) VN. However, data 

accumulated from utterance-internal occurrences of VN sequences also reveals that some 

American English vowels are followed by nasals, but those vowels are not nasalized (such as 
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in the form Annette appearing in Figure 2.9 above}. By property (2), the learning mechanism 

rejects the notions that this pattern has arbitrary exceptions or that this pattern is optional. 

Rather, property (2) forces the learning mechanism to posit the existence of a blocking 

structural boundary between those utterance-internal instances where the implication 

appears invalid, rendering them systematic exceptions to it rather than arbitrary exceptions 

to it and preserving the bi-conditionality of the generalization. The following figure 

illustrates this inferential process. In the figure, the PRM representation includes data of the 

type represented in Figure 2.9 containing evidence that some vowels preceding nasals are not 

nasalized. These data typify utterance-internal input to the reasoning mechanism with its 

two properties described in the text above. The output of the reasoning mechanism is the 

inference of a structural distinction between a non-nasalized vowel and a following nasal, and 

the inference of a structural similarity between a nasalized vowel and a following nasal: 

Figure 2.14 The function of the assumed reasoning mechanism with respect to the Vowel 
Nasalization data provided above 

<:lnE't 

Reasoning Mechanism 
Property (1) 
Property (2) 

~ 

" " pIEri aneym 

<:llnE't <:llngym 

More Byproducts of Observing Vowel Nasalization: the Details of the Rule Environment 

Consider the properties of the data indicating the bi-conditional regularity VN H V 

at the utterance edges with respect to the properties of those utterance-internal sequences of 

data where the pattern does not hold: VN ~ V I N. In addition to the inference that the 

pattern is blocked by intervening structure, the reasoning mechanism developed here is 

assumed to be able to infer that more than one instance of a phonological element within a 

pattern is actually an instance of a single element whose occurrence in more than one place is 

predictable. That is, I assume it to be possible for the reasoning mechanism to interpret the 



63 
nasality of the nasalized vowel as a predictable instance of nasality. Once this 

predictability can be associated with the pattern, then the pattern itself can be inferred to 

exist as the result of a process which adds the predictability and thus creates the pattern. To 

summarize, these data also support the identification of a third property of the reasoning 

mechanism: it is able to interpret a linguistic pattern as a result generated through the 

application of a linguistic process.12 

Linking pattern to process results in a series of inferences regarding the specific details 

of the process, details which include the environment conditioning its application as well as 

the components involved. For the particulars of Vowel Nasalization, the details of the 

conditioning environment must include the phonological specification of nasality (that is, 

[+nasal]) and the specification of a means of distinguishing vowels from other linguistic units 

(following Hayes 1989, such a means comes in the form of the mora, 1.1). In addition, the 

connection between pattern and process also supports the inference of a representation which 

includes the results of removing the predictable effects of the pattern. The following figure 

schematizes this collection of inferences. In the figure below, this output representation is 

collapsed with the output representation resulting from the removal of the predictability 

from the input. Removal of the predictability from the input entails the recognition of where 

the predictability originates, hence this removal operation also permits the acquisition of 

the details of the linguistic process: 

12 The strongest interpretation of this property would be that the reasoning mechanism must 
make this association between pattern and process, however I must leave such matters open 
for future investigation. 



Figure 2.15 The results of observing American English Vowel Nasalization 
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The discussion of Vowel Nasalization has unearthed a number of results regarding the 

nature of phonological regularities as well as properties of a learning mechanism which can 

interpret them as such. Observation of the process of American English Vowel Nasalization 

in the PRM representation can be accomplished by a learner if she 'is equipped with a 

learning/reasoning mechanism with the properties summarized in the following figure: 

Figure 2.16 Properties of a learning mechanism inferred under the assumption that 
acquisition of American English Vowel Nasalization can proceed from observation of its 
output in the PRM representation 

1. By considering the distribution of sounds at the edges of utterances, a 
generalization representable in the form of a bi-conditional implication is 
sufficient to indicate the presence of a linguistic pattern. 

2. The mechanism does not interpret any utterance-internal falsification of one 
condition of such a bi-conditional implication to indicate exceptional 
behavior but rather preserves bi-conditionality by positing an instance of 
intervening structure systematically preventing the validity of the 
implication in that instance. 

3. Linguistic patterns so identified are interpreted not as static but rather as the 
result of the application of linguistic processes. 

Further, the interaction between this reasoning mechanism and PRM derives a representation 

where both the predictable effects of applying the isolated process are removed and the 

structure blocking application of the process is represented. This derived representation, 

hereafter referred to as constituent space, contains both constituent boundaries in place of the 
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predictable information as well as all unpredictable appearances of the [+nasal] and J..1. 

Unpredictable instances of these specific elements are necessary for the observation of the 

process environment and its expression in the grammar. 

In summary, the observation of Vowel Nasalization within PRM resuHs in the 

decisions that J..1 along with [+nasal] carry grammatical information in American English, and 

that their interaction also denotes the presence or absence of a unit of constituent structure, in 

this case the boundary of a syllable, which does not otherwise find direct representation in 

PRM. 

2.5 Including the Effects of Nasal Consonant Deletion 

Up to this point it has been argued that Vowel Nasalization and (by direct analogy) 

Vowel Shortening can be acquired if their output in PRM is observed by a learning mechanism 

whose architecture includes the three properties summarized in Figure 2.16. The discussion 

now turns to the problem of acquiring a third process reported to exist in American English, 

that of Nasal Consonant Deletion, based on its output in PRM. A description of this process 

follows immediately below. 

Nasal Consonant Deletion 

Mah~cot (1960) contains the earliest reporting of a rule of American English which 

deletes a nasal consonant if it precedes a tautosyllabic voiceless stop. This study and the rule 

it reported was cited later in the theory-based discussions of Hooper (1977) as well as Kaisse 

(1985). However, a careful reading of Malecot (1960), the source of this rule of Nasal 

Consonant Deletion, reveals that the argumentation motivating it is based on perceptual 

evidence and not production evidence. That is, in its conclusion this study states that 



" ... in the limited conditions present in camp, hint, bunk, and the like [i.e. a 
nasal preceding a voiceless stop--T.B.], the nasal consonants as separate 
segments have virtually disappeared, possibly because of the silent interval 
necessary as a cue for the voicelessness of the following stop, with the result 
that now, in both the place and manner dimensions, the perceived [emphasis 
added-T.B.] [m], [n], or [111 is conveyed almost entirely by cues contained in the 
preceding vowel. Phonetically [emphasis added--T.B.], there is almost 
always a vestigial nasal consonant segment present, clearly perceptible in 
hunt and hint, for example, but usually so short as to be practically 
insignificant; in most cases, its suppression [in tape splicing experiments 
described and conducted by that study--T.B.] does little more than detract 
somewhat from the naturalness of the utterance [pp 228-9]." 
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The evidence offered regarding the way in which speakers of American English produce 

tokens such as hunt and hint actually appears to refute the existence of such a deletion rule as 

a productive process in the language, because " ... phonetically, there is almost always a 

vestigial nasal consonant segment present [that is] clearly perceptible ... " An additional 

argument against the existence of Nasal Consonant Deletion can be found in the statement 

that perception of the token subjected to artificial deletion of the vestigial nasal consonant 

segment " ... does little more than detract somewhat from the naturalness of the utterance." In 

other words, the removal of this nasal segment of speech yields an utterance which does not 

sound as "natural" as it does when the nasal portion of the utterance remains intact. Assuming 

that "natural" relates to the probability that such an utterance was actually produced by a 

speaker of the language, I take the fact that the removal of the nasal adversely affects the 

naturalness of the utterance to imply that the grammar in truth does not delete the nasal 

segment from this environment to begin with. 

The Internal Ordering of Nasal Consonant Deletion, Vowel Nasalization, and Vowel 

Shortening 

Whether or not the reader finds convincing the arguments rejecting the existence of 

Nasal Consonant Deletion, it is important to note that the Maleeot (1960) study also mentions 

the way in which the proposed rule interacts with both Vowel Nasalization and Vowel 

Shortening described above. The study concludes that the nasality of the lost nasal is carried 
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by the preceding vowel. Further, as Mah~cot (1960:223 note 6) points out, "In the cases in 

question [where a tautosyllabic voiceless stop follows the nasal-T.B.], even though the nasal 

segment may have disappeared completely, its presence is subjectively replaced, at least in 

part, by the greater duration of the preceding voweL" In other words, even though the nasal 

segment may not be present in the acoustic signal, its presence in the phonological signal is 

revealed. The preceding vowel not only carries nasal co-articulation but also is lengthened, 

resulting in an uncharacteristically long vowel immediately preceding a voiceless stop.13 

Application of Vowel Shortening cannot follow the application of Nasal Consonant 

Deletion; vowels in this context appear longer than before other voiceless stops. In similar 

fashion, application of Vowel Nasalization also cannot follow the application of Nasal 

Consonant Deletion, because vowels before nasals found in the correct context to trigger Nasal 

Consonant Deletion are nevertheless nasalized. No direct dependence exists between the 

application of Vowel Shortening and Vowel Nasalization, hence no ordering restrictions 

between these two processes are necessary. These weak ordering restrictions are summarized 

in the following figure: 

Figure 2.17 Weak restrictions describing the relative order of application of Vowel 
Nasalization, Nasal Consonant Deletion, and Vowel Shortening 

Nasal Consonant Deletion cannot precede Vowel Nasalization 
Nasal Consonant Deletion cannot precede Vowel Shortening 
Vowel Shortening does not directly interact with Vowel Nasalization 

Having presented the somewhat dubious Nasal Consonant Deletion process, the 

discussion now turns to the more complex situation obtained by including the output of Nasal 

Consonant Deletion as well as Vowel Nasalization and Vowel Shortening. Given that they 

13 From the discussion of these durational differences above recall that before a tau to syllabic 
voiceless sound a stressed vowel is systematically produced to be one-third shorter than when 
that vowel appears in an open syllable or before a tautosyllabic voiced sound. 
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apply according to the internal ordering empirically supported by American English data, 

identification and acquisition of these three processes is shown to proceed without 

considerable embellishment of the learning mechanism. Following this, hypothetical cases 

of output produced by different internal orderings of these three processes are presented. 

Unlike the ordering attested in American English, in these cases identification of these 

processes and their associated internal ordering is argued to require considerable 

embellishment of the learning mechanism. 

Learning the Fragment of American English 

The distributional characteristics governed by these processes in the utterance-final 

contexts constituting the primary input data for the learning mechanism appear below. In 

this figure, generalizations again represent the discovery of positive evidence for the 

relevant item in the named context: 

Figure 2.18 The utterance-final distributions produced by Vowel Nasalization, Vowel 
Shortening, and Nasal Consonant Deletion 

a. Oral Vowels 

vt V[+vce]t v2/3[-vce]t 

b. Nasal Vowels 

VN···t V [-cont]t 
-vce 

Notice that the durational distribution of oral vowels is unchanged from the preceding 

example where the effects of Nasal Consonant Deletion were not considered. However, this is 

not the case with the distribution of nasalized vowels. Although it is still the case that a 

nasalized vowel occurs when immediately followed by a nasal, it is now also the case that 

nasalized vowels are found immediately preceding voiceless stops as well. 

The presence of nasalized vowels in this environment (where no nasal sound follows) 

overlaps with certain contexts where vowel duration is affected. Oral vowels immediately 
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preceding voiceless sounds are found to be only two-thirds the duration of oral vowels in other 

contexts. However, nasal vowels do not support this generalization in one specific context, 

namely when they immediately precede a voiceless stop. As with the utterance-internal 

sequences of the preceding discussion, here again it appears that the distributional 

generalizations identified do not hold when a larger sample of data is examined. However, 

this case differs from that of utterance-internal sequences because the data represented here 

constitute the primary data for the proposed learning mechanism. 

Recall from the preceding discussion that the learning mechanism is capable of 

creating generalizations to summarize distributional effects in this utterance-final context 

(d. Figure 2.16, property 1). Consider the implicational generalizations resulting from the 

distributions under consideration here: 

Figure 2.19 Implicational generalizations derived from the distributions governed by 
Vowel Nasalization, Vowel Shortening, and Nasal Consonant Deletion 

a. Oral Vowels 

V[-vce] -) v2/3 

V2/3 -) V [-vce] 

b. Nasal Vowels 

VN ... -)V 

c. Distributional Overlap 

-[-cont] v-3/ 3 
V -vce -) 

The implicational generalization for oral vowels is bi-conditional, that is, a short vowel 

implies a vowel immediately preceding an instance of [-voice] and a vowel immediately 

preceding an instance of [-voice] is a short vowel. However, the implicational generalization 

governing the distribution of nasal vowels is not bi-conditional: a vowel immediately 

preceding a nasal is nasalized, but a nasalized vowel does not always immediately precede a 

nasal (because in some instances, namely those where a nasal has been deleted before a 

voiceless stop, a nasalized vowel immediately precedes a voiceless stop). With respect to 

these generalizations, there is distributional overlap. Although nasalized vowels preceding 

nasals are always long and oral vowels preceding voiceless stops are always short, a 
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nasalized vowel preceding a voiceless stop is always long! In this particular context, the 

duration of the nasalized vowel is characteristic of a vowel preceding a voiced sound, while 

the presence of nasalization is a characteristic of vowels preceding nasal sounds, not oral 

sounds. 

In light of the second property of the learning mechanism described in Figure 2.16, 

consider the invalidity of the implication V [-vce] ~ V2/3 with respect to the nasalized 

vowel in this context. This property states that falsification of an implicational 

generalization is interpreted by the learning mechanism to indicate not exceptional behavior 

but rather the existence of intervening structure systematically preventing the validity of the 

implication in that instance. If this property is relevant here, the learning mechanism would 

posit structure between the nasalized vowel and the voiceless stop, that is, it would preserve 

the bi-conditionality of this generalization and treat the vowel and the voiceless stop in this 

context as though they were not local with respect to each other. As it happens, this is the 

correct inference to make because the nasalized vowel and the voiceless stop are indeed non-

local. However, they are separated not by intervening grammatical structure, but rather by 

intervening phonological content, namely a deleted nasal. Hence, if the learning mechanism 

were to treat the Vowel Shortening generalization as relevant in the context of nasal vowel 

preceding voiceless stop, then it would treat these two elements as though they were non-

local. Assume for the moment that the learning mechanism does treat this context to be 

relevant to the Vowel Shortening generalization. In other words, assume that the learning 

mechanism interprets the uncharacteristically long nasalized vowel and voiceless stop as 

non-local with respect to each other. 

Now consider the fate of the generalization governing the distribution of nasalized 

vowels. As is indicated in Figure 2.19b, this distribution is consistent with an implicational 

generalization, but that implication is not bi-conditional. Although it is true that every 
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utterance-final VN sequence is associated with a nasalized vowel, it is not the case that every 

nasalized vowel is associated with a VN sequence. The single context which renders invalid 

the bi-conditionality of this implication is the very context noted above, where an 

uncharacteristicaliy long nasalized vowel immediately preceded a voiceless stop. However, 

it was assumed above that the learning mechanism treats the long nasalized vowel and the 

voiceless stop as non local in this context. If the results of this analysis can be considered with 

respect to the generalization accounting for the distribution of nasalized vowels, then a 

solution can be reached which simultaneously renders the implicational generalization 

governing the distribution of nasalized vowels bi-conditional and supports the treatment of 

the long nasalized vowel and the voiceless stop as being non-local with respect to each other: 

a (deleted) nasal intervenes between the nasalized vowel and the voiceless stop. 

If the learning mechanism is permitted the ability to proceed analytically along the 

lines indicated, then the three processes of the fragment can be acquired along with their 

required internal ordering of application by considering only data within the primary 

window. Reviewing the preceding discussion, the learning mechanism first notes that the bi-

conditional generalization governing the distribution of shortened vowels appears to be 

violated in a single context, that where an uncharacteristically long nasalized vowel 

immediately precedes a voiceless stop. The learning mechanism responds to this by 

preserving the bi-conditionality and concluding that in this context the long nasalized vowel 

and the voiceless stop are non-local. Meanwhile, another distributional generalization has 

been identified, but this distribution leads only to a one-way implication regarding the 

presence of nasalized vowels. The sole context which prohibits the bi-conditional validity of 

this implication is the aforementioned context including a long nasalized vowel and a 

voiceless stop. Because the analyses described are performed over data in the primary 

window of attention (that is, during the actual learning stage of the mechanism), the 
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mechanism is assumed to contain sufficient cognitive faculties to permit the non-local analysis 

to inform the nasalization analysis. If this assumption is well-founded and if the mechanism 

is allowed to search for solutions which will render the conditional implication bi-

conditional under the constraint that the non-local analysis must remain satisfied, the 

mechanism can reach a solution. In this solution, a nasal sound is posited to intervene between 

the nasalized vowel and the voiceless stop. So posited, this nasal preserves the bi-

conditionality of Vowel Shortening because the vowel in question now precedes a voiced 

sound. Further, the conditional implication governing the distribution of nasalized vowels is 

rendered bi-conditional, because the posited nasal makes the implication V ~ V N valid in 

this context as well as in all other contexts. This solution results in the inference of the Nasal 

Consonant Deletion rule with the required ordering restrictions, that is: a nasal sound is 

deleted before a voiceless stop, and this deletion does not precede application of Vowel 

Nasalization nor application of Vowel Shortening.14 

The results of such an analysis seem to be required given the empirical data 

motivating the fragment of American English phonology described above. In terms of the task 

of identifying some essential properties of the proposed learning mechanism, what properties 

must be added to it in addition to those summarized in Figure 2.16 in order for the analysis to 

proceed as described? During the stages in the acquisition process where primary data is 

attended to, it is proposed that if the mechanism detects a distributional generalization 

which is conditional but not bi-conditional, and the cases where such bi-conditionality is 

invalid occur in definable environments, then it can use the discovery of other generalizations 

to inform the first in those contexts where the generalizations appear to overlap; in such a 

case the mechanism is assumed to be capable of pursuing a solution permitting the satisfaction 

14 Given the logic described, these three processes of American English phonology cannot be 
acquired independently of one another. This point is returned to in the following chapter. 
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of all such generalizations in the overlapping environment if one can be found. Additionally, 

the learning mechanism is proposed to possess the ability to interpret the source of predicted 

non-locality as phonological in nature when such non-locality is derived during the primary 

stages of acquisition, but as structural in nature when utterance-internal instances of non-

locality are derived. The following figure presents a revised summary of the learning 

mechanism's properties augmented to reflect the results of the preceding discussion: 

Figure 2.20 A revised summary of the identified properties of the learning mechanism 

1. By considering the distribution of sounds at the edges of utterances, 
conditional evidence which can be represented in the form of an implicational 
generalization is sufficient to indicate the presence of a linguistic pattern. 

2. In the event that more than one generalization is discovered and their 
contexts overlap, a solution is pursued which seeks the satisfaction of all such 
generalizations in the overlapping contexts. To this end, any apparent 
falsification of one generalization in an overlapping context is interpreted to 
indicate not exceptional behavior but rather the existence of intervening 
phonological content systematically preventing the validity of the 
generalization in that i.nstance. 

3. Any utterance-internal falsification of such an implicational generalization 
is not interpreted to indicate exceptional behavior but rather the existence of 
intervening structure systematically preventing the validity of the 
implication in that instance. 

4. Linguistic patterns so identified are interpreted not as static but rather as the 
result of the application of linguistic processes. 

Summaxy 

Including the effects of the alleged Nasal Consonant Deletion rule in the fragment of 

American English phonology complicated the PRM representation of the output of the 

fragment and posed a slightly more complicated acquisition problem to the learning 

mechanism. Comparing Figure 2.16 with Figure 2.20 shows that although the learning 

mechanism required augmentation in order to solve the problem, that augmentation was not 

terribly substantial. If the learning mechanism is assumed to have the capacity to compare 

observed distributional generalizations and seek a solution which maintains their validity 
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in contexts where they overlap, then the learning mechanism is capable of solving the 

problem and acquiring the fragment. 

One may now wonder whether this augmentation increases in an undesirable way the 

class of grammars which are learnable by the mechanism. This issue is pursued in the 

following section, where novel acquisition problems are created for the learning mechanism 

through varying the internal order of the fragment's three processes. 

2.6 Can the Learning Mechanism Acquire Different Internal Orderings of the Fragment? 

The relative ordering relationships between Vowel Nasalization, Vowel Shortening, 

and Nasal Consonant Deletion motivated by the empirical description American English 

presented in Malecot (1960) is argued to be capable of being acquired by the learning 

mechanism described above. The discussion now turns to whether or not the learning 

mechanism could acquire these three processes if their application were governed by some 

other internal ordering. 

Let the following ordering relationship hold between Vowel Nasalization, Vowel 

Shortening, and Nasal Consonant Deletion: 

Figure 2.21 A hypothetical ordering of the fragment of American English 

Nasal Consonant Deletion precedes Vowel Nasalization 
Nasal Consonant Deletion does not precede Vowel Shortening 
Vowel Shortening does not directly interact with Vowel Nasalization 

Hence, whenever Nasal Consonant Deletion applies, it bleeds application of Vowel 

Nasalization but does not bleed application of Vowel Shortening. This ordering produces 

output characterized by the following forms: 

Figure 2.22 The effects of ordering the fragment as is described in Figure 2.21 

bend ~ 

bet ~ 

[bEnd] 

[bE2/3 tl 

ben ~ 

bent ~ 

[bEn] 

[bE t] 
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This hypothetical ordering relationship governs the following distribution utterance-

Figure 2.23 The utterance-final distribution produced by the hypothetical ordering of 
Figure 2.20 

a. Oral Vowels 

V:j: V [+vcelt 2/3 [+<:ont].J. 
V -vce + 

. [-cont]. 2/3 [-cont1 some Instances of V -vce +, some Instances of V -vce 

b. Nasal Vowels 

VN ... :j: 

The distribution described in the figure yields the identical generalization for nasalized 

vowels when they immediately precede nasals. Because application of Nasal Consonant 

Deletion precedes application of Vowel Nasalization and not application of Vowel 

Shortening, however, nasals which both follow vowels and precede voiceless stops do not 

nasalize the preceding vowel. Nevertheless, they do not cause that vowel to be shortened 

(because the vowel is not immediately adjacent to the voiceless stop). Hence, some vowels 

preceding voiceless stops are shortened, but some (namely those which immediately precede 

deleted nasals) are not. In this case, then, there is no coherent generalization for the 

durational characteristics of vowels preceding voiceless stops. What's more, the other 

relevant generalization involving nasalized vowels cannot inform this distribution, because 

no overlap exists between contexts relevant to the two alleged patterns. Given the properties 

of the learning algorithm developed so far, the system could not acquire these processes if 

they applied in the hypothetically provided order. At best, the generalization regarding 

the distribution of short vowels would have to be restricted to those cases where it was 

systematic, that is, where those shortened vowels preceded voiceless continuants. Hence, 

systematic implicational generalizations resulting from such an ordering would be as follows: 
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Figure 2.24 Implicational generalizations derived from the distributions governed by 
Vowel Nasalization, Vowel Shortening, and Nasal Consonant Deletion where Nasal 
Consonant Deletion precedes Vowel Nasalization 

a. Oral Vowels 

V [ +eont] V2/3 
-vce ~ 

2/3 [+cont] 
V ~V -vce 

b. Nasal Vowels 

VN ... ~V 

V~VN ... 

Such a set of generalizations would lead to the acquisition of Vowel Nasalization and a novel 

rule of Vowel Shortening whose environment of application is restricted to voiceless 

continuants! Because the learning mechanism has absolutely no basis for proposing an 

independent process of Nasal Consonant Deletion, the algorithm would have failed this 

acquisition task. 

To exhaust the possibilities, consider now the other possible ordering of these three 

processes: 

Figure 2.25 Another hypothetical ordering of the fragment of American English 

Nasal Consonant Deletion precedes Vowel Shortening 
Nasal Consonant Deletion does not precede Vowel Nasalization 
Vowel Shortening does not directly interact with Vowel Nasalization 

Here, Nasal Consonant Deletion feeds application of Vowel Shortening but does not bleed 

application of Vowel Nasalization. This ordering produces output characterized by the 

following forms: 

Figure 2.26 The effects of ordering the fragment as is described in Figure 2.25 

finally: 

bend ~ 

bet ~ 

[bEnd) 

[bE2/ 3 t) 

ben ~ 

bent ~ 

[bEn) 

[bE2/3t) 

This hypothetical ordering relationship governs the following distribution utterance-
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Figure 2.27 The utterance-final distribution produced by the hypothetical ordering of 
Figure 2.23 

a. Oral Vowels 
V:j: 

b. Nasal Vowels 

V [+vce):j: 

V [-cont]:j: VN ... :j: -vce 

V2/3 [-vceJ:t: 

Such a distribution mirrors that provided in Figure 2.18, with the exception that in this 

hypothetical system the nasalized vowel appearing before the voiceless stop is shortened as 

is appropriate for a vowel in this context. In other words, because application of Nasal 

Consonant Deletion precedes application of Vowel Shortening, then for purposes of Vowel 

Shortening the nasalized vowel and the voiceless stop are immediately adjacent. Hence, no 

contextual overlap exists between the distribution of nasalized vowels and the distribution of 

shortened vowels. The durational generalization can be identified, but to the learning 

algorithm it appears that there is no coherent generalization governing the distribution of 

nasalized vowels. That is, although it is the case that nasalized vowels do precede a nasal, 

it is also the case that they precede voiceless stops. However, they are not predictable in 

this environment, because oral vowels also occur before voiceless stops, and both oral and 

nasal vowels are appropriately shortened. At best, the learning algorithm could account for 

the distribution of nasalized vowels preceding nasals, but it could not account for the 

distribution of nasalized vowels preceding some voiceless stops. Hence, although the 

processes of Vowel Shortening and Vowel Nasalization could be acquired, the application of 

Nasal Consonant Deletion could never be detected by the learning mechanism, and, those 

cases where Nasal Consonant Deletion applied in the parent grammar would be taken to 

include unpredictable occurrences of nasalized vowels. Again, the learning mechanism would 

fail to acquire a grammar equivalent to the parent grammar. 



78 
Summary 

The preceding hypothetical cases show that although the learning algorithm 

described can learn the fragment of American English phonology, it does not possess the 

resolving power to acquire those same rules if their internal ordering restrictions differ from 

that supported by empirical data. In light of examining the representation in PRM of various 

orderings of these processes, this result makes sense. In the two hypothetical cases discussed, 

the hypothetically reordered fragment gives rise to an output representation whose 

distributional cues are insufficient to reveal all of the details of the grammatical processes 

which produced them. Anticipating the theory of phonological organization presented in the 

next chapter, which disallows the existence of these hypothetical ordering relationships, no 

further embellishment of the learning algorithm to permit the acquisition of such 

hypothetical orderings is pursued here. 

2.7 Learning American English Aspiration 

The preceding sections have examined in detail the problem of a learner seeking to 

acquire a fragment of American English phonology based on the output of that fragment in 

PRM with the additional constraint that she was initially uninformed about the details of 

that fragment. A solution to this problem is obtained if the child is equipped with a learning 

mechanism with the properties summarized in Figure 2.20. Although this learning 

mechanism has the cognitive power to acquire the fragment of American English warranted 

by empirical data, it was not found to have the power to acquire all three processes of the 

fragment if their internal ordering differed from that which appears to hold in American 

English. Examination of the three processes of the fragment reveals that Vowel 

Nasalization, Vowel Shortening, and Nasal Consonant Deletion are all two-place 

operations, that is, they are processes whose triggering environments depend on phonological 

material preceding or following the affected target. It is instructive now to consider how the 
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learning mechanism treats the acquisition of a one-place operation, that is, a process affecting 

a target which is not dependent on preceding or following phonological material. As it 

happens, American English Aspiration differs from any of the other processes considered so 

far, because although it is associated with no particular following context, it is itself found to 

occur only in certain co-occurring featural contexts. 

The aspiration phenomenon described here concerns the quality of the surface 

instantiations of American English voiceless stops occurring in certain prosodic environments 

(further discussion of Aspiration can also be found in Kahn 1976, Kiparsky 1979, Hammond 

1982, Withgott 1982, among others). The data below are representative; those in Figure 2.28a 

illustrate the aspiration phenomenon with respect to voiceless stops in word-initial position, 

while those in (b) show both aspirated and unaspirated stops in word-internal positions. Part 

(c) illustrates unaspirated voiceless stops after s and finally, while part (d) shows that the 

phenomenon is associated neither with voiced stops nor with voiceless continuants (for 

notational simplicity, the irrelevant effects of Vowel Nasalization and Vowel Shortening 

are not represented here): 

Figure 2.28 American English Aspiration 

a. Word-initial stressed and unstressed positions 

ph~r:\.nt pageant pho llYs police 

collar correct 

theym tame tomato 
b. Word-medial positions: 

aspirated stops appear in word-medial stressed syllables 
.. h .I r 1 yp or t report opha 1 appal 

unaspirated stops appear in unstressed position following a stressed syllable 

h~pi happy Japanese 



Figure 2.28 continued. 

aspiration varies in other unstressed positions 

amErakha 

amErakha 

America 

(for some) 

1 owkha 1 local 

, , k' WlnapaSaw 1 

, , k' Wlnapasaw 1 

Winnepesaukee 

(for some) 

c. Voiceless stops never appear with aspiration after 5 or form-finally 

" sp,yr 

skuwl 

spear 

school 

, 
ra:p 

s te~yk 

rasp 

steak 

s tey 1 stale say t cite 
d. Neither voiced stops nor voiced continuants appear with aspiration 

bcel)k bank sal am~ndr; salamander 

dcendr~f 

gargl 

dandruff 

gargle 

fac3r 
I 

father 

theta 
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The segmental content of the aspiration rule appears to be surrounded by little 

controversy: it targets the combination [-voice, -continuant] and inserts [+spread glottis]. This 

lack of controversy is not true of the particulars of the prosodic environment. Kahn (1976) and 

Hammond (1982) argue that Aspiration applies syllable-initially independent of the stress 

of the following vowel, while Kiparsky (1982) and Withgott (1982) argue for a syllable/foot 

based environment. Whether the environment characterizing aspiration is the syllable or 

the foot is largely irrelevant to the discussion here; all that is crucial to the present 

discussion is that the aspirate be immediately preceded by some constituent boundary, and 

this condition is borne out.IS With these particulars in mind, consider now how such data are 

interpreted by the learning mechanism proposed here. 

Utterance-initially, the presence of aspiration is not systematically associated with 

any following material, but is found to occur only with a subset of all possible initial sounds. 

15 Thanks to Mike Hammond for correctly pointing this out to me. 



81 
The following distribution is consistent with this system and represents positive evidence of a 

particular element in a particular context: 

Figure 2.29 The distributional characteristics associated with the aspiration 
phenomenon 

[

-continuant ] 
:j: -voice ... 

+spread glottis 
where ... includes any following material 

From the observation of distributional data utterance-finally, the learning mechanism can 

conclude that while [-voice] and [-continuant] are found to occur and co-occur in this 

environment, [+spread glottis] is never found here. Hence, the presence of [+spread glottis] is 

predictable, and is associated in utterance-initial contexts where it co-occurs with the 

combination [-<:ontinuant, -voice]. 

When faced with such a distribution which is clearly systematic but not linked to any 

following (or preceding) phonological context, how does the learning mechanism proceed? 

More specifically, it is possible to represent such distributional asymmetry in the form of an 

implication, but how does the mechanism represent it? I assume that when faced with 

distributional evidence involving no preceding or following phonological context (such as that 

typified by Aspiration), the learning mechanism includes the presence of the utterance's edge 

within the implication. That is: 

Figure 2.30 The bi-conditional generalization describing the distribution of aspiration 
utterance-initially 

[ t] [ -cont ] :j: -con H -vee 
-vee +spread glottis 

Given this generalization, consider now what the algorithm encounters when it 

attends to data appearing in utterance-internal contexts. In these cases, there is no internal 



82 
boundary to form the left member of a sequence with a voiceless stop as its second element.16 

Hence, utterance-internally, the implication 

[ t] [ -<:<>nt ] + -am H -vce 
+ -vce 

+spread glottis 

is neither satisfied nor falsified. However, utterance-internal instances of the combination 

[-continuant, -voice, +spread glottis] do occur. In such an event, the learning mechanism 

exchanges the occurrence of this combination for its consequent, that is, 

[ 
-cont ] [ t] -vce -) I -con . 

-vce +spread glottis 

In other words, the learning mechanism inserts a structural boundary to the left of the 

combination and removes the instance of [+spread glottis]. To illustrate, consider how the 

mechanism treats an utterance-internal instance of the form contemplative 

[kh;;.mthEmpl errv): 

Figure 2.31 The learning mechanism encounters the American English form contemplative 

t ... khenthEmplerrv ... t => t ... lkenthEmplerrv ... t 
=> t ... 1 ken I tEmp 1 er r v ... t 

As the mechanism encounters each instance of [+spread glottis] it exchanges it for a boundary 

placed to the immediate left of the combination. Notice that there are other instances of the 

combination [-continuant,-voice] such as the p, but the mechanism does not treat these in any 

special way, because the combination does not satisfy any side of the bi-conditional 

implication governing the distribution of aspiration. 

16 Recall from section 2.1 that an utterance is defined as the linguistic noise between pauses 
containing no internal pauses. 
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Summary 

American English Aspiration poses an interesting acquisition problem for the learning 

mechanism described in this chapter. Unlike the two-place operations considered so far, such 

as Vowel Nasalization, the application of Aspiration depends on no preceding or following 

phonological context. Rather, a particular feature is inserted into the representation 

whenever a certain feature combination appears in a certain prosodic environment. Based on 

the fact that the distribution produced by Aspiration is systematic, the learning mechanism 

was argued to be able to interpret distributional evidence linked to no obvious preceding or 

following featural context as a distribution linked to the edge of the utterance itself. As the 

discussion shows, the mechanism required no additional augmentation to accomplish the 

acquisition of American English Aspiration By extension, the mechanism is hypothesized to 

require no additional augmentation to accomplish the acquisition of any other one-place 

phonological operation. 

2.B The Characteristics of Rules Observable in PRM representation 

Above I described a set of processes from American English including Vowel 

Nasalization, Vowel Shortening, Nasal Consonant Deletion, and Aspiration. Because the 

application of each of these processes is determined by purely phonological information 

(having no reliance on any higher-order grammatical information such as that provided by 

syntactic, morphological, or semantic operations), each was assumed to be observable (and 

learnable) within the PRM representation. Consequently, this assumption was used to 

determine some of the properties a learning mechanism must have in order to acquire these 

rules based on their output in PRM. 

In order for it to function properly, the learning mechanism requires the processes to 

have certain properties. Since the learning mechanism uses distributional evidence at the 

edges of utterances as its primary data, a phonological process recognizable to the mechanism 
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must manifest itself at one or the other edge of an utterance. Once manifested, such a 

recognizable process must also produce a distribution which is systematic and bi-conditional 

at such an edge-that is, it can exhibit no exceptional behavior there. Further, because the 

acquisition process takes place through the consideration of a set of utterances (where each 

utterance has two windows, one at its beginning and one at its end), a recognizable 

phonological process must not be optional. This is not to say that certain styles of speech could 

not have phonological processes idiosyncratic to them. For example, different grammatical 

processes apply when speech is articulated slowly or formally than when speech from the 

same language is articulated in a more rapid or more casual manner. However, for the 

acquisition process to progress, the system must be able to recognize a specific style of speech 

(such as casual or formal), and all of the processes associated with that style must apply 

obligatorily to utterances performed within that style.17 

Given that these properties hold for a particular phonological process, it is predicted 

to be recognizable by the leaming mechanism based on its output in the PRM representation. 

These common properties, summarized in the following figure, are taken to constitute criteria 

delimiting the set of phonological processes observable within the PRM representation. 

Elements of this set are hereafter referred to as surface-observable processes. 

Figure 2.32 The properties of surface-observable processes 

a. A surface-observable rule process produces a systematic distribution at the initial 
or final edge of utterances 

b. The application of a surface-observable process can have no idiosyncratic 
exceptions 

c. The application of a surface-observable processes is obligatory within a 
particular speaking style 

d. The environment of a surface-observable processes must be stated solely in terms of 
the information available within the PRM representation. 

17 See Dell (1981) for a discussion concerning the acquisition of optional phonological rules. 



85 

2.9 The Hypothesis of Instantiation 

Chapter one suggested the Hypothesis of Instantiation presented in Figure 2.1 above 

essentially follows from the hypothesis that natural language instantiates an ergodic, 

Markovian system. Recall from that discussion that ergodic systems have the property that 

the behavior of a large enough sample of the system is sufficient to indicate the behavior of 

the system as a whole. This property was exploited in the present chapter by creating a 

learning mechanism which attends initially only to distributional data at the initial or final 

edge of an utterance. If natural language is truly ergodic, then restricting the sampling to such 

a region should have no ill effects, and should actually provide an accurate model of the 

behavior of whole system. As the previous sections have argued, this is essentially correct: 

bi-conditional implications valid at the edge of an utterance appearing to be invalid 

utterance-internally were considered systematic by the learning mechanism, and this 

systematicity resulted in the proposition that a structural boundary intervened in such cases, 

rendering the invalid sequence non-local, and hence valid after all. Such a result suggests 

strongly that edges of linguistic utterances have a special status linguistically. 

The Hypothesis of Instantiation does far more work then allowing the construction of 

a learning mechanism capable of recognizing phonological processes. It actually makes claims 

about the type of information that such processes refer to. The claim that phonological 

processes identify the carriers of grammatical information in a natural language and 

instantiate its grammatical constituents leads to a prediction about the range of constituents 

and phonological information present in a particular natural language. In specific, the 

Hypothesis of Instantiation leads to the following empirical prediction: 
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Figure 2.33 A consequence of the Hypothesis of Instantiation 

Grammatical constituents exist in a given natural language if and only if there are 
phonological processes which instantiate (that is, refer to) them in a process 
environment. 

This consequence makes a strong claim regarding the types of languages which can exist: it 

predicts that if a language has words or other lexical domains, then there must be 

phonological processes whose environments explicitly name such constituents. Further, it is 

reasonable to expect that the phonological processes which refer to such constituents be 

surface-observable. In my terms, processes which are not surface-observable require semantic 

or morphological information to render them observable. If the processes which delimited 

lexical constituents were not surface-observable processes, then they would require the 

semantic or morphological analysis of some other constituent to make them observable. Such 

a situation either leads to an internal contradiction, or forces a recursion over such domains 

until one delimited by a surface-observable process is identified. 

This prediction may sound circular: processes instantiate grammatical constituents so 

if a language has a particular constituent instantiated, then it must have processes which 

instantiate that constituent. I believe that this circularity is only apparent, however; the 

prediction is falsifiable: if a language is known by nonphonological analysis to have a 

particular constituent (such as American English having the word constituents), but if there 

are no processes in American English which explicitly refer to the word domain, then the 

prediction is false. By means of example, consider the following thought experiment. 

Suppose a machine existed which was capable of performing a valid phonological analysis of 

a language without ever 'learning' the language the way a linguist doing fieldwork on that 

language surely would (for example, the learning mechanism presented in this chapter could 

be modeled on a computer and then allowed to interact with a database representative of a 

language). The Hypothesis of Instantiation predicts that by observing the phonological 
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processes in the language, the judgements of the machine would agree with the judgements of 

native speakers regarding the types of constituents present in the language even though the 

machine has not 'learned' the language but only observed the phonological processes. This 

hypothesis predicts that native speakers have a phonological system which instantiates 

word constituents through surface-observable phonological processes.18 

2.10 Observing Patterns in Constituent Space 

The above discussion has focused on those processes observable within PRM 

representation. However, as written the Hypothesis of Instantiation is general enough to be 

relevant to processes observable at more abstract representations as well. The following 

discussion serves to illustrate how observability and the Hypothesis of Instantiation apply to 

processes observable in the constituent space described above. 

Consider the following data, extracted from Aronoff (1976, chapter 2). Figure 2.34a 

illustrates that the final t of the morpheme -mit alternates with s when that morpheme is 

suffixed by any of the suffixes -Dry and -ive, (and also with the suffixes -ion, -or, -able); 

Aronoff (1976) points out that there are no exceptions to this rule for all instances of the 

morpheme. The forms in (b) show that the alternation is not a property of the affix-other t-

final stems do not exhibit the t ~ s alternation. The datum in (c) shows that the alternation 

is also not a property of the phonological sequence mit. 

18 Steedman (1991) provides an analYSis of prosodic constituency which appears to be well 
within the conceptual domain of the research developed here, however at this stage the fate 
of the Hypothesis of Instantiation with respect to constituents larger than the word must be 
left open. 
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Figure 2.34 Phonological alternations of the morpheme -mit 

a. permit permissive 
remit remissory 

b. excrete excretive 
assert assertive 
digest digestive 
prohibit prohibitive 

c. vomit vomitory 

This morpho-phonological alternation cannot be observed in PRM. In order to observe 

its effects, the morphological structure and semantic relatedness of the words in Figure 2.34 

must be visible to the observer. However, within a representation where category 

information and semantic information are available, the variation can be observed to be a 

process. Assuming that representation is the constituent space, such observation results in a 

derived level of representation, which can be called root space, where the predictable 

information is replaced by a boundary separating the root constituent from its suffix (es): 

Figure 2.35 Observation of patterns in constituent space leads to the identification of 
morphemes in root space 

Constituent Space Root Space 
1 permit permissive 1 --) 1 Reasoning Mechanism 1 --) 'I p-e-r 'I m--"I'--' t--p-e-r'l m-it-rl-i v-'e 1 

J. 
t --) s-Rule 

J. 
-mit 

In the approach taken so far, the alternation between t and s is observable in the 

constituent space representation where by assumption the semantics of the pairs 

permit/permissive, remit/remissory, and vomit/vomitory can be compared. Comparison of 

the semantics reveals a link within and between the above pairs, and inspection of the form of 

the pairs reveals a distinction between the stem vomit and the stems remit and permit. Upon 
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affixation, remit and permit have an 5 where vomit has a t, although all the stems surface as 

t-final when no affix has been attached. 

Hence, one can class stems such as remit and permit together and distinct from stems 

such as vomit. As Aronoff (1976:15) points out, the -mit portion of the remit/permit stems are 

distinguished from the ... mit ... portion of the vomit stems by association of the former with 

the phonological alternation of t ~ 5: it is this association with the process which permits 

isolation of the morpheme. The consequence of the Hypothesis of Instantiation given in 

Figure 2.33 captures this insight directly, claiming that morphemes as well as other 

constituents can only be recognized if they are instantiated by phonological processes. 

The reader has no doubt already noticed that the notion of associating specific 

morphemes to specific phonological processes is not uncontroversial. Level-ordered theories 

of phonological organization (such as Lexical Phonology or Prosodic Lexical Phonology) 

consider the empirically determined lexical strata, the syntactic structure, and the output of 

syntactic structure (aka lexical prosodic constituents in Prosodic Lexical Phonology) to be the 

only domains which can be associated to particular phonological processes, the processes 

themselves being essentially unbounded. The proposal here is more closely associated with 

the Halle (1978) proposal that cyclic rules (in my terms, cyclic rules are those not observable 

in PRM representation) require a morpheme boundary in their environment. A similar but 

more recent approach can be found in Halle and Vergnaud (1987). This approach allows 

particular affixes (and perhaps stems) to be associated with a specific plane, which is itself 

associated to either a cyclic or noncyclic body of rules. As is shown in chapter three, 

Instantiative Phonology operates in the spirit of these two proposals, but it is more than a 

simple notational variant of either of them. 
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2.11 Conclusion 

This chapter presented the notion of observability and, based on the character of the 

data resulting from the application of purely phonologically conditioned processes, derived 

some properties of a learning mechanism required to recognize that these data indicate such 

processes. The effects of observability as well as the proposed learning mechanism were 

illustrated through their interaction with a fragment of American English phonology. The 

discussion of these processes revealed that the phonological patterns observable in PRM 

identify grammatical constituents not directly representable in that space as well as 

identifying the carriers of grammatical information in a particular language. 

The architecture of the learning mechanism described is consistent with the 

Hypothesis of Instantiation, which also predicts that grammatical constituents (whether 

phonological or morphological) exist in a particular natural language if and only if specific 

phonological processes exist which instantiate them. This prediction was illustrated by 

showing that the morpheme -mit is instantiated by a t -75 alternation which occurs upon 

affixation. This conception of the association between process and specific domain differs 

from that of level-ordered theories by, essentially, a cause-and-effect relationship. 

Instantiative Phonology claims that morphological and phonological constituents result 

solely from the observation of phonological processes. Level-ordered theories claim that 

phonological processes operate essentially autonomously within domains created 

independently by morphological processes or specific rules of constituent construction. 

The following chapter assembles PRM, constituent space, and root space into a 

coherent model of phonological organization, the model of Instantiative Phonology. This 

chapter presents a notation consistent with the Hypothesis of Instantiation to provide for the 

explicit formulation of phonological rules. So formulated, the way in which such rules apply 
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to forms and interact with other rules is also made explicit in the following chapter. 

Following the development of the conceptual and empirical details of the model, chapter four 

tests the empirical adequacy of that model with respect to a broad analysis of the purely 

phonologically conditioned processes of a ningle language, Turkish. 
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Chapter 3. The Model of Instantiative Phonology 

3.0 Introduction 

The discussion to this point has developed the Hypothesis of Instantiation and its 

associated Richness Hypothesis as consequences of the Communication System Hypothesis. 

When these hypotheses are brought to bear on the problem of language acquisition, they 

produce a learning mechanism with the capacity to observe and acquire the set of surface

observable processes representable in the PRM representation. A subsequent representation, 

the constituent space, was derived as a consequence of this acquisition process. In constituent 

space, those grammatical constituents identified by the surface-observable processes find 

direct representation (recall from chapter two that for American English, Vowel 

Nasalization, Nasal Consonant Deletion, and Vowel Shortening all identify syllable 

boundaries, while Aspiration identifies either foot or syllable boundaries). Also, constituent 

space represents all unpredictable occurrences of those elements identified as carriers of 

grammatical information in a given language (by virtue of their participation in an observed 

phonological processes). The constituent space representation is assumed to include other 

grammatical information such as that produced through semantic, syntactic, and 

morphological analysis. Patterns observable within this representation derive yet another 

representation, root space, where the internal structure of morphologically complex forms is 

delineated. In this chapter, these objects are brought together to form the model of 

Instantiative Phonology. The discussion below presents some of the conceptual and empirical 

properties of this model. 
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3.1 The Internal Organization of the Model 

Instantiative Phonology Contains Three Distinct Representations 

The fragment of American English phonology presented in chapter two permits the 

construction of a model with the following grammatical organization. Vowel Nasalization, 

Vowel Shortening, Nasal Consonant Deletion, and Aspiration were all shown to be surface-

observable processes, that is, processes which can be acquired by the proposed learning 

mechanism based on their output in the PRM representation. Inferring these rules and 

removing their predictable elements in the linguistic signal gives rise to the constituent space 

representation, where abstract boundaries are represented. Within constituent space, 

processes of the type instantiating the morpheme -mit were observable. Observation of this 

type of process gave rise to yet a third representation, the root space. Here, for example, 

instances of the morpheme -mit are distinguished from instances of the arbitrary 

phonological sequence -m-i-t. Representing these results schematically produces the internal 

organization depicted below: 

Figure 3.1 A model of phonological organization derivable from the observation of 
American English by the learning mechanism of chapter two 

PRM 
Representation ~ 

Processes Delimiting 
Phonological and 

Lexical Constituents 
J, 

Constituent 
Space 

Processes Delimiting 
Form-Internal 

Morphological Structure 
J, 

I Root Space I 
Hypothesizing American English to be unique in no substantive way with respect to the 

world's languages, this organization is general enough to be relevant cross-linguistically as 



94 
weB: removal of the predictable effects introduced by such surface-observable processes from 

PRM representation results in a more abstract representation, the constituent space, within 

which (by assumption) a morphological and semantic analysis of the forms present is 

possible, and from such an analysis the root space is derived. 

Instantiative Phonology thus contains three distinct representations. The first and 

most concrete of these is PRM , defined to be a symbolic representation of the components 

present in the physical linguistic signal with neither loss nor creation of information; PRM is 

defined to contain no direct representation of any semantic, syntactic, or morphological 

information such as constituent boundaries, grammatical category, meaning, etc. The second 

and more abstract representation, constituent space, is a derived representation obtained 

through the removal of grammatical patterns observable in PRM. Grammatical constituents 

are delimited in this representation, and by assumption semantic, syntactic, and grammatical 

category information are available within this representation. The third and most abstract 

representation, root space, is also a derived representation. Root space results from the 

removal of predictable information observable in constituent space, and is the representation 

where the internal structure of morphologically complex forms is delimited. Further, more 

abstract representations are not excluded from the model on formal grounds, and could be 

derived from root space through observation of grammatical patterns observable there; no 

empirical motivation for such representations has been found in the present study. 

Of these three representations only the most concrete, the PRM, is basic to the model; 

all other representations are derived. The derived character of constituent space and root 

space is an interesting result. Specifically, because these representations are not primitives of 

the model, the model need not (and, really, must not) stipulate their existence. Since their 

existence is not stipulated and therefore cannot be anticipated, they are expected to exhibit no 

additional or novel properties beyond those of PRM apart from representation of grammatical 
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information unavailable at PRM. If upon further research empirical evidence requires certain 

idiosyncratic properties to be associated with one or more of these representations, these 

properties must come from a source outside the domain of the Communication System 

Hypothesis. Such evidence would be of considerable import to the linguistic community: given 

the discussion found in chapter one, that evidence would be considered "exotic and 

unexpected" and therefore could be taken to bear directly on the content of the genetic 

endowment hypothesized by the Innateness Hypothesis of Chomsky (1965). 

The Natural Ordering of Rules 

Consider the internal organization of Instantiative Phonology schematized in Figure 3.1 

above presented in what is perhaps a more familiar style: 

Figure 3.2 The internal organization of Instantiative Phonology presented in a 
prod uction-derivational style 

Processes Encoding 
Phonological and 

Lexical 
Constituents 

Root Space 

Processes Encoding 
Form-Internal 
Morphological 

Structure 

The resulting schematic grammar bears clear similarity to the phonemic/ allophonic 

organization of the American structuralist school, as well as the lexical/postlexical 

organization of modem generative grammar (d. Mohanan 1982, 1986; Kiparsky 1982a, 1982b, 

1985; Rubach 1984; Borowsky 1986; Booij and Rubach 1987; Inkelas 1989; etc). However, the 

model described here is distinct from others mentioned in important ways. 
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One distinction between the model developed here and other models of phonology 

concerns the connection between rules and representations. As the solid arrows in the figure 

above exemplify, phonological representations are not considered to exist independently of 

rules, rather, those representations are derived through the observation of rules and the 

elements those operations are performed over. In contrast, other models of generative 

grammar appear to presume that representations are directly connected to each other (by the 

dashed arrowli of the figure) and that an independent bank (or banks) of phonological 

operations applies to the objects contained in those representations. 

Another immediate difference between Instantiative Phonology and other models 

concerns the order of application of morphologically-conditioned phonology and 

phonologically-conditioned phonology. To understand this, consider American English Vowel 

Nasalization discussed in chapter two. Because the environment of Vowel Nasalization 

concerns syllabification, it could in principle be compositionally1 applied at any stage of a 

derivation following syllabification, because there will always be some forms which meet its 

environment. Consequently, there is no principled restriction prohibiting the existence of 

natural languages which order the application of some or all rules of the Vowel Nasalization 

type (namely those which appear to be simply phonologically conditioned) before rules of 

the American English t ~ s-Rule type (namely those which appear to be morphologically or 

perhaps syntactically conditioned). To the extent of my knowledge, however, no known 

natural language requires analysis of this type.2 

1 Compositional application of a process refers to application of it in the grammar of a 
speaker; de-compositional application of a process refers to its application by a hearer. 
2 Anderson (1975) claims that systems of this type, such as Luisefio do exist (thanks to Mike 
Hammond and James Myers for directing me toward this discussion). I have yet to determine 
how Instantiative Phonology fares in light of such systems. 
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This ordering relationship has been encoded into existing theories of phonological 

organization (see, for example, Kiparsky 1982a, b) by stipulating that processes which build 

structure during the course of a derivation (such as those processes which apply in derived 

forms, for instance the t ~ s-Rule) apply before across-the-board type processes (for instance, 

Vowel Nasalization); across-the-board type processes are said to dissolve the structure built 

by more abstract processes, for example by changing distinctive segments into nondistinctive 

segments. However, it is possible to derive rather than stipulate this ordering relationship 

by allowing the internal organization of a de-compositional grammatical model learned by a 

hearer to inform the organization of a compositional grammatical model implemented by a 

speaker: the compositional application of processes such as Vowel Nasalization follows the 

application of those such as the t ~ s-Rule as a natural consequence of the order in which 

their de-compositional analogs could be observed and hence acqUired. 

3.2 The Representation of Rules 

Recall the Hypothesis of Instantiation, which states that phonological processes 

identify the carriers of grammatical information and instantiate the abstract grammatical 

constituents in a particular natural language. Since the goal of this thesis is to evaluate the 

empirical relevance of this hypothesis, there must be a means of representing those objects 

referred to by observed phonological rules. In other words, for each phonological process 

observed in the representation of the linguistic signal, there must be a way of determining 

both the featural elements required to identify that process and the grammatical constituents 

instantiated as a result of it. This section presents the particular notation employed to 

represent phonological rules within the mode1.3 To this end, the process of Nasal Consonant 

3 This notation owes much to that presented in some unfortunately unpublished work by 
Diana Archangeli; a theory of phonological rules as well as a somewhat more general 
representation of them is extensively argued for in Archangeli and Pulleyblank 
(forthcoming). 
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Deletion presented in chapter two is reviewed, along with Nasal Harmony in Gokana and 

[ATR] Harmony in Lango. 

American English Nasal Consonant Deletion 

Recall from chapter two that the Nasal Consonant Deletion rule proposed by Malecot 

(1960) deletes a nasal sound whenever it precedes a tautosyllabic voiceless stop. In terms of 

the notation presented here, description of this process makes crucial reference to the features 

[+nasal], [-voice], and [-continuant] in the same syllabic constituent and performs a deletion 

operation. According to MalEkot's description the vowel is nasalized throughout its 

(lengthened) duration, but the gesture of oral closure is performed as the nasality ceases and 

not prior to that cessation. Since the gesture of oral closure is not performed until the 

nasalization ends, and since oral closure and nasality co-occur whenever American English 

nasals are performed in other environments, the process appears to delete the [-continuant] 

articulation of the nasal. The rule's representation appears below: 

Figure 3.3 American English Nasal Consonant Deletion 

Operation: 
Operand: 
Target: 
Trigger: 
Direction: 
Constituent: 
Instantiation: 

Delete 
[-continuant] 
[+nasaI] 
[-continuant,-voice] 
Left 
Syllable 
Right Edge 

The notation used in Figure 3.3 has the following interpretation. The Operation 

parameter can range over four different types of manipulations, deletion, insertion, de-

linking, and spread. For the aptly named Nasal Consonant Deletion rule, the deletion 

operation is relevant. This phonological material affected by this operation, in this case the 

[-continuant] property of the nasal, is identified as the Operand. The details of the 

environment where the process applies are specified in the Target and Trigger parameters. 

Because Nasal Consonant Deletion deletes only [-continuant] from a preceding nasal and not 



99 
from any preceding element (witness apt is not pronounced as aft), this phonological material 

must be explicitly referred to in order to permit accurate specification of the rule's target. 

Because the rule applies if and only if a tautosyllabic voiceless stop follows, description of 

this triggering material must be included in the rule as well. The Direction parameter 

contains restrictions of the relative position of the targeting and triggerring material. In this 

case, its value is Left, because deletion proceeds only if the nasal is to the left of the 

triggering voiceless stop. The remaining parameters, Constituent and Instantiation, permit 

reference to the constituent instantiated by the process. Consistent with the second clause of 

the Hypothesis of Instantiation, phonological operations are crucially hypothesized to 

include values for these two parameters. The constituent named in the Constituent parameter 

is presumed to range over known constituents in language, syllable, foot, word, phrase, etc. 

Some processes do not instantiate the entire domain of a constituent but rather only one of its 

edges. To reflect this, the Instantiation parameter ranges over three values: the left edge, the 

right edge, and the domain. 

Formulating phonological processes in terms of a set of parameters implies that such 

processes are expected to vary over these and only these parameters. In pursuing this claim, 

the discussion now turns to Gokana Nasal Harmony. 
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Gokana Nasal Harmony 

The following figure describes the distribution of nasality in Gokana, an Ogoni 

language spoken in Eastern Nigeria (Hyman 1982; 1985); accent marks on vowels represent 

high tone: ti and low tone: a, while mid tone is unmarked: 

Figure 3.4 The distribution of Gokana nasality 

Form Gloss Form Gloss Form Gloss 

a. t:l house piob tsetse fly zib thief 
", bed kigi fooro wind val axe 

" " b. nu thing mEnE chief n5m animal 

" 
, 

naa gtm naana snake 

" " " c. ba pot bi5 nose bi5m fingernail 

" " " " dEm tongue fini monkey kuuni cooking stone 

d. wife 1 { root 
, 

pain va Z:l 
" 

, 
*va *1 1 *z5 

, 
kaa it dried " it became wet e. ae ae gy:l:l 

, 
kaamE he dried it 

, , , 
he wet it ae ae gY:l:lVE 

/kaa+vE/ /gY:l:l+VE/ 

f. "" zib the neck of the thief mEn 

*mEn zib 

These representative data show that a Gokana form: (a). may contain no nasally articulated 

sounds; (b). may contain all nasally articulated sounds; (c). may contain an initial oral sound 

and all subsequent sounds nasal; (d). may contain no nasal articulation if that form has v, 1, or 

z as its initial element. The two forms given in part (e) show that nasality crosses morpheme 

boundaries. Finally, the form in part (f) shows that this nasal harmony process does not 

extend beyond what Hyman (1982:120) describes to be the boundary of the word. 

Presuming the presence or absence of nasality to be a property of morphemes accounts 

for the distribution represented in Figure 3.4 parts (a) and (b): if a morpheme occurs with the 
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phonological presence of [+nasal], then it spreads throughout the domain of that morpheme 

and, as the forms in part (f) show, onto any attached suffixes. Part (c) of Figure 3.4 contains 

forms whose initial sound does not appear with nasal co-articulation and whose subsequent 

sounds all do. The initial sound of these representative forms are either voiceless <t and k) or 

non-continuant (b, d, and k). If the preceding analysis that morphemes come with or without 

specification of [+nasal] is correct, then some principled reason must be found to account for 

why these forms contain an initial oral sound. 

For insight into what this principled reason might be, again consider the forms in part 

(d) and part (f). The forms in part (d) indicate that Gokana voiced oral continuants are never 

found in forms bearing nasal co-articulation. The forms in part (f) illustrate that the 3rd 

neuter pronominal object clitic surfaces as [mE] when suffixed to a [+nasaI]-bearing morpheme 

but as [vd when attached to a morpheme where no phonological nasality occurs. Coupling the 

fact that v, I, and z never occur in morphemes associated with nasality with the variation 

between [mE] and [v E] suggests that Gokana voiced continuants v, I, and z are in 

complementary distribution with the nasals m, n, and ii. Hence, voiced oral continuants and 

nasals are two realizations of the same object. 

Analyzing voiced oral continuants as the (phonological) variants of nasals permits 

the distributional evidence presented in part (c) above to be given a principled interpretation. 

Since nasals are phonologically equivalent to voiced oral continuants, the analysis proposed 

here interprets the presence of initial oral stops and initial voiceless continuants to reflect a 

constraint that [+nasal] cannot phonologically co-occur with either [-voice] or [-continuant] 

(phonetically, Gokana nasals are oral stops). The presence of either of these feature values 

within a morpheme prevents nasal co-articulation during execution of the gesture embodied by 

the feature. 
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The datum in part (g) above illustrates, in terms of the model developed here, that 

Gokana Nasal Harmony instantiates the word. I take the nasalization of suffixes to indicate 

that this harmony process begins at the left edge of the word and spreads rightward 

throughout it. The figure below presents this process in the notation developed in this section, 

where the absence of trigger and target parameters is intended to indicate that [+nasal] co-

articulation occurs with all elements in the domain (except, of course, stops and voiceless 

continuants): 

Figure 3.5 Gokana Nasal Harmony 

Operation: 
Operand: 
Direction: 
Constituent: 
Instantiation: 

Spread 
[+nasal] 
Right 
Word 
Domain 

The Instantiation parameter of the notation demands a more thorough discussion. In 

the representation of Nasal Consonant Deletion, the value of this parameter was Right Edge, 

whereas in the representation of Gokana Nasal Harmony its value is Domain. Instantiative 

Phonology adds this parameter to reflect the prediction that processes are expected to employ 

two and only two possible means of instantiating a grammatical constituent. Either a process 

will instantiate one of the edges of that constituent, or the process will instantiate the entire 

region enclosed between the two edges of that constituent. The blstantiation parameter 

finds a reflex in the notion of iterativity associated with other theories, such as that 

presented in ArchangeJi's work. In Archangeli's system, rules can be either iterative (similar 

to Instantiative Phonology's Domain Instantiation) or non-iterative (similar Instantiative 

Phonology's Edge Instantiation). In Instantiative Phonology, however, non-iterative 

processes are hypothesized to be impossible in a literal sense. Consistent with the 

Hypothesis of Instantiation, phonological processes are treated in this model to be 

inextricably associated with grammatical constituents. Hence, any apparently non-iterative 
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process is predicted to instantiate the edge of some constituent. If some non-iterative process 

exists which does not instantiate either the edge of some constituent or the whole domain of 

some independently motivated grammatical constituent, then the Hypothesis of Instantiation 

is invalid, and the model is falsified. The following discussion shows how one such case of a 

non-iterative process described in the literature does not invalidate the Hypothesis of 

Instantiation. 

Lango Regressive Harmony 

Poser (1982:136) contends that the harmonic processes in Lango constitute a "solid 

example of local [i.e. non-iterative--TB] harmony". Indeed, Woock and Noonan (1979) 

describe the domain of the vowel harmony processes to be limited to just two syllables, where 

these two syllables do not appear to correspond to any particular (independently motivated) 

grammatical constituent. If this interpretation of the facts is correct, then the Lango 

Regressive Harmony processes constitute counter-examples to the Hypothesis of Instantiation, 

because such processes do not instantiate any particular grammatical constituent. The 

following data illustrating Lango Regressive Harmony, drawn from both Woock and Noonan 

(1979) and Poser (1982), appear in Figure 3.6 following a description of the phenomenon.4 

Lango has a ten vowel system which includes five [+ATRJ vowels and five [-ATRJ 

vowels, [I E a :> uJ and [i e <3 0 uJ respectively. Woock and Noonan (1979) 

describe Lango Regressive Harmony to be morphologically conditioned and limited to certain 

suffixal morphemes, including the second person singular alienable position suffix -niS, the 

second person inalienable possession suffix -i, the second person singular object suffix -i, the 

4 The progressive Vowel Harmony process also presented in Woock and Noonan (1979) does 
not function in any substantively different way from Regressive Vowel Harmony. Because it 
contributes no new material to the discussion it is not presented here. 
S The nasal of the suffix completely assimilates to the final consonant of the stem in the data 
below; I do not discuss this process in more detail. 
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suffix -i used to form the plural of some nouns, and the second person plural alienable 

possession suffix -wu. Although there are prefixes in Lango, Woock and Noonan (1979) state 

that no prefix participates in any harmony process in the language. Lango Regressive 

Harmony spreads [+ATR] from the [+highl vowels in these suffixes onto a preceding vowel, 

but the spreading domain does not include the first vowel in a two-vowel stern. It is this 

failure of Regressive Vowel Harmony to target the initial vowel of a two-vowel stern which 

leads Woock and Noonan (1979) and Poser (1982) to conclude that it is a case of non-iterative 

spread. Part (a) of the figure below illustrates the process for sterns with a single vowel, 

while part (b) shows that stem vowels which are [+ATR] do not alternate when suffixed. 

Part (c) shows the failure of Regressive Vowel Harmony to proceed leftward onto the first 

vowel of a two-vowel stern. 

Figure 3.6 Regressive Vowel Harmony in Lango 

Form Gloss Form Gloss 

a. lut stick lutti' your stick 
, 

fire 
,- 0' your fire mac maCCl 

de:k stew dekki' your stew 

bw6m wind bwomi' your wing 
, 

stomach " .. 
your stomach YIC Y1Cl 

b6 net bowu your (pI.) net 

1 e: axe lEwu your (pI.) axe 
,-

for 0' 0' for you pI plrl 

lut stick ludi' sticks 

got mountain 'do' go 1 mountains 
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b. buk book bukki' your book 

lum grass 1 ummi your grass 

rwot chief rwo t t i your chief 

dok cattle dokki your cattle 

Jl;ah croc Jl;ahhi yourcroc 

gwen chickens gwenni your chickens 

pig soup piggi your soup 
, , 

beer 
, ,- .- your beer c. CO!)O CO!)Onl 

le:mun orange le:munwu your (pI.) orange 

The Woock and Noonan (1979) description of Lango Regressive Harmony presents 

these data as representative of the phenomenon. Although the data undoubtedly illustrate 

non-iterative spreading, that spreading is of a very special type: leftward spread across the 

edge of a stem boundary. Since only one right edge exists for each stem, regressive harmony 

takes place leftwards across it, extending only to the stem-final vowel. 

Hence, this analysis predicts that only the final [-ATR1 vowel of any Lango stem will 

ever undergo Regressive Harmony regardless of the length of that stem. When considered 

from this perspective, Regressive Vowel Harmony lies completely within the empirical 

domain of Instantiative Phonology. The rule is formulated below: 



Figure 3.7 Lango Regressive Harmony 

Operation: 
Operand: 
Target: 
Trigger: 
Direction: 
Instantiation: 
Constituent: 

Spread 
[+ATR] 
Jl 
-ni; -i; -i; -wu6 
Left 
Right Edge 
Stem 
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While there are certainly other reported cases of purely non-iterative phonological 

processes in the literature which must remain undiscussed here, the preceding analysis is 

offered as a prototype to consider when evaluating Instantiative Phonology with respect to 

such cases. 

Summary 

This section presented the notation used to formulate rules within Instantiative 

Phonology. As a parametric notation, it not only provides a means of representing 

generalizations in a concise fashion, but also predicts certain types of variation expected to be 

found in natural language as well as that which is not expected to be found. Specifically, 

consistent with the Hypothesis of Instantiation no non-iterative processes are expected to 

exist in natural language except where such processes instantiate the edge of a grammatical 

constituent. With respect to iterative processes, these are predicted to instantiate the entire 

domain of the constituent spanning the material contained between its edges. 

6 Woock and Noonan (1979) describes a difference between the harmony process involving the 
high front vowel and the high back vowel, stating that the back vowel (in -wu) " ... conditions 
regreSSive vowel harmony in all [-ATR] stem vowels unless blocked by two [-syllabic] 
segments (that is, consonant c1usters--TB). Then only high stem vowels change [po 28]." 
Incorporating this statement into the rule would no doubt increase the complexity of the 
Trigger, but I have not done so for expository clarity; this simplification has no effect on the 
points addressed here. 
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3.3 The Application of Rules 

In connection with the learning mechanism developed in chapter two, phonological 

rules were observed to encode grammatical constituent structure through the use of patterns 

specified in terms of phonological material. This encoding property of phonological rules is 

taken as part and parcel of the Hypothesis of Instantiation. The reader is invited to recall 

from that discussion that upon observation of a distributional pattern by the learning 

mechanism, the properties of the mechanism revealed grammatical structure as a consequence 

of stripping away the predictable portions of the pattern. As was also shown in that chapter, 

this learning mechanism was capable of learning a set of phonological processes, but was 

incapable of learning all of the conceivable internal orderings of such a set of processes. 

The following section concerns itself with compositional application of phonological 

processes, that is, with the encoding procedure which phonological rules are hypothesized to 

perform. Implementation of this encoding procedure consistent with the Hypothesis of 

Instantiation is shown to lead to further, precise restrictions on the possible ordering 

relationships between phonological rules. The discussion presents two rules from the grammar 

of Turkish to illustrate both the interaction between a rule and the forms to which it applies, 

as well as the interaction between rules themselves. 

The Devoicing of Turkish Stops 

Descriptive sources including Lees (1961), Swift (1962), and Underhill (1976), etc., 

remark that the voicing value of form-final stops in Turkish is partially predictable. The 

data in part (a) of Figure 3.8 below are representative of the fact that some form-final 

voiceless stops appear as voiced when they immediately precede a vowel-initial suffix but 

not when they immediately precede a suffix which is consonant-initial. In contrast, the data 

in part (b) show that some form-final stops retain their voicelessness independent of their 
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following environment. The two form-internal voiced stops of the forms in part (c) show that 

the environment triggering this voicing alternation is not simply determined by the presence 

of an immediately following consonant, rather that the two consonants must be separated by a 

morpheme boundary as well as a syllable boundary (witness the possessive forms in part (a), 

whose morpheme-final stops are now syllable-initial and surface as voiced). Finally, the 

data in part (d) illustrate that although they are phonetic oral stops, form-final nasals never 

appear as voiceless. 

Figure 3.8 The voicing alternations of final stops 

Nom. Poss. Nom. Pl. Gloss 
"v "V'I gUcAEr a. guc gUJu power 

kap kab~ kaplar container 

tat tad~ ta t 1 ar taste 

" " , " rE.rk rE.rg 1 rE.rkAEr color 

b. v v, 
saclar hair sac sac~ 

sarp sarp~ sarplar steep 

alt alt~ a 1 t 1 ar bottom 

mErak mErak~ mEraklar past 

c. kudrEt power 

trabzan bannister 

d. son sonu sonlar end 

These alternations appear to have no idiosyncratic exceptionality apart from obviously 

foreign words in learned vocabulary, they are not confined to any particular set of 

morphological processes, and their application is obligatory. 

The process responsible for these alternations inserts [-voice]7 onto a non-continuant 

which precedes both a morpheme boundary and a syllable boundary; data from (c) reveal 

7 The particular choice of [-voice] as the inserted feature is defended below. 



109 
that the presence of a final syllable boundary is not sufficient to characterize the process 

environment. The rule is formulated below: 

Figure 3.9 Final Stop Devoicing 

Operation: 
Operand: 
Target: 
Constituent: 
Instantiation: 

Insert 
[-voice] 
[~ontinuantl 
Morpheme & Syllable 
Right Edge 

Consider now how Final Stop Devoicing applies to a given input form. In 

Instantiative Phonology, phonological rules instantiate grammatical constituents. Chapter 

two argued that the learning mechanism replaces instances of predictable phonological 

material with abstract structural information--the constituent space was derived as a result 

of that replacement. In this sense, decompositional rule application by a hearer (using a 

decoding grammar) trades phonological patterns for grammatical structure. In contrast, 

compositional rule application (using an encoding grammar) adds predictability to the 

message, trading in grammatical structure for a phonological pattern. During compositional 

rule application, instances of grammatical constituent structure specifically instantiated by a 

particular phonological process are replaced with predictable phonological material 

mentioned in the description of the process. In this example, Final Stop Devoicing encodes 

(i.e. replaces) the co-occurrence of the right edge of morpheme and syllable with a 

predictable instance of [-voicel. Such predictable instances of [-voice], which are directly 

representable in PRM (where constituent boundaries are not directly representable), can be 

modulated and broadcast with the unpredictable portions of the message. A receiver hearing 

the signal which has acquired the details of Final Stop Devoicing can interpret such 

predictable occurrences of [-voice] to represent the abstract structure contained in the received 

message. 
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Hence, whereas the observation of a phonological process reveals grammatical 

structure through the decoding of a phonological pattern, the compositional application of a 

phonological process encodes that structure in terms of a phonological pattern. To put this 

notion in words perhaps more familiar to phonological theory: in the model of Instantiative 

Phonology compositional rule application performs the operation of bracket erasure. 

Using Final Consonant Deletion as an example, Figure 3.10 illustrates the notion that 

compositional rule application performs bracket earasure.8 As input to the process, the 

following notation is observed: syllable boundaries are represented by I cr' morpheme 

boundaries by I Il, and the co-occurrence of both by I Il. The representation below of forms in 
cr 

constituent space show the position and presence of particular constituent boundaries. As the 

derivations in parts (a) and (c) illustrate, application of Final Stop Devoicing inserts an 

instance of [-voice] onto the stop which is both morpheme-final and syllable-final, and the 

final morpheme and syllable boundary is erased (or more exactly, encoded) as a direct result 

of that application. However, Final Stop Devoicing does not apply if the stop immediately 

precedes only a morpheme boundary (part b) or only a syllable boundary (part d). In these 

cases, the stop surfaces in its voiced form. 

8 With respe<.t to these examples and those to follow, the reader is asked to assume for the 
moment that processes exist in Turkish which instantiate the syllable as a grammatical 
constituent; evidence in support of this assumption is provided in the immediately following 
chapter. 
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Figure 3.10 lllustrations of application of Final Stop Devoicing 

a. b. c. d. 

INPUT I Il",,,y III Ill",,, I YIIl, I Il",,,y lilA Illtrabi zan III 
cr

guJ 
cr 

gu J 'I- gUJ e:r 
cr cr cr cr cr cr cr 

FSD U --N.A.-- U --N.A.--

I Il",,,y Ill",,, I YIIl, 11l"'''YA Il Il 
OUTPUT guc gu J 'I- guc e:r I trabl zanl 

cr cr cr cr cr cr cr 

PRM 
A.IV "",''v,, gUcAe:r trabzan guc gUJu 
power his power powers banister 

So, what of the constituent boundaries not instantiated (i.e. encoded) by Final Stop 

Devoicing such as those in gill:).er or trabzan? The reader has undoubtedly noticed their 

presence after the application of the rule as well as their corresponding absence from PRM. 

Recall that PRM is defined in such a way that grammatical structure cannot be directly 

represented within it, because such structure cannot be transformed by the modulator. Hence, 

the absence of such structural information wihin PRM is forced for all such instances of 

grammatical structure not already instantiated (i.e. encoded) by phonological rule. If no 

phonological process instantiates such grammatical structure, Instantiative Phonology 

predicts that such structural information cannot be recoverable by from the received signal by 

phonological means. Other grammatical analysis must bear the full burden of identifying 

such structure within the message. 

Voicing Harmony 

The second process discussed here concerns the Voicing Harmony of suffix-initial 

obstruent stops with a preceding sound. Part (a) of the figure below shows that the voicing 

value of the suffix initial stop agrees with the sound in stem-final position. Those forms in 

(b), which contains a voiceless obstruent followed by a voiced one, reveal that this process 

does not operate within stems, while the form in (c) illustrates that the process does not 

operate across words. 



Figure 3.11 Obstruents adjacent across morpheme boundaries agree in voicing 

Nom. 

a. kEP 
v sac 

allah 

sis 

siz 

oda 

son 

USUA 

Pass. 

kEpi 
v. sac'!-

odas~ 

sonu 

USUAU 

b. mEsgu 1 

basbakan 
v ZEVC 

Lac. 

siste 

sizde 

Abl. 

kEpten 

sac tan 

allahtan 

odadan 

son dan 

usuAdEn 

Nom. Pl. 

kEpAEr 

saclar 

odalar 

sonlar 

usuAAEr 

Gloss 

cap 

hair 

God 

fog 

you 

room 

end 

method 

occupied 

prime minister 

husband 

112 

" v b' v v k c. SEn gEJ1C lr cOJU sun you young COP. child 

*sEn gEJ1Le i r co Juksun 

Nearly all Turkish suffixes beginning with an obstruent stop exhibit this Voicing 

Harmony phenomenon. However, the following suffixes do not participate in Voicing 

Harmony9: 

Figure 3.12 Suffixes under to Voicing Harmony 

Suffix 

-kEn (adverbial 

auxiliary) 

Example 
" bilmEzkEn 

"" yokkEn 
" -ki (relative marker) bEn i mk i 

Gloss 

while not knowing 

while not existing 

that which is mine 

All of these invariant suffixes begin with a voiceless stop, and that stop does not become 

" voiced when affixed to a form ending in a voiced sound (c.f. [b i 1 mEzkEn], *[b i 1 mEzgEn]). 

The existence of such suffixes argues that VOicing Harmony spreads [-voice] rightwards across 

9 A lengthy list of Turkish suffixes appears in Underhill (1976). 
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the stem boundary. If Voicing Harmony were to spread [+voice] rightwards across the stem 

boundary, then the suffixes of Figure 3.12 must be marked as exceptions to the process, since 

[+voice] does not spread from the stem onto them. However, if Voicing Harmony manipulates 

[-voice], then these suffixes are not the least bit exceptional. Instead, they are simply 

lexically specified to begin with an instance of [-voice]. If this analysis is chosen, then in 

those cases where a voiced sound precedes a suffix, there is no environment for Voicing 

Harmony because there is simply no instance of [-voice] to the left of the stem boundary. 

Having argued that [-voice] is the correct operand for Voicing Harmony, the rule is 

formulated below: 

Figure 3.13 Voidng Harmony 

Operation: 
Operand: 
Target: 
Direction: 
Constituent: 
Instantiation: 

Spread 
[-voice] 
[-continuant] 
Right 
Morpheme & Syllable 
Right Edge 

The Interaction of Voicing Harmony and Final Stop Devoicing 

The observant reader has no doubt noticed that Final Stop Devoicing and VOicing 

Harmony have the potential to interact with each other: Final Stop Devoicing inserts 

[-voice] at morpheme boundaries before consonants while Voicing Harmony spreads [-voice] 

across morpheme boundaries to stops. If a morpheme which ends with an obstruent stop is 

concatenated to a suffix beginning with an obstruent stop, the question arises as to whether the 

initial stop will be subject to Voicing Harmony. 

Phonological processes instantiate constituent boundaries in the model proposed here. 

The preceding discussion of Final Stop Devoicing illustrates that rule application replaces an 

instance of structure with an instance of predictable phonological material. Equivalently, 

application of a phonological process encodes an instance of structure which cannot be directly 
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represented in PRM into a pattern employing phonological material which can be directly 

represented in PRM. Because rule application encodes a boundary, rule application 

effectively removes the explicit presence of the boundary from the message. 

If the model of Instantiative Phonology permits extrinsic rule ordering, the following 

two situations are possible: a). Voicing Harmony precedes Final Stop Devoicing, or b). Voicing 

Harmony follows Final Stop Devoicing. These two cases are illustrated below. In the 

following figure, let the environment for each of the rules be created when the ablative suffix 

-dan is combined with the root gil1, 'power' (recall the possessive form of this root, guru, from 

Figure 3.8; hence the final stop of this root is proper input to Final Stop Devoicing). 

Figure 3.14 Hypothetical internal-ordering relationships between Voicing Harmony and 
Final Stop Devoicing 

a. Voicing Harmony precedes b. Voicing Harmony follows 
Final Stop Devoicing Final Stop Devoicing 

CS IJ.l.AllvlJ.l.d IJ.I. CS I J.l.gUr IJ.I. dan IJ.I. gUJ an 
0' 0' 0' 0' 0' 0' 

VH -----N A----- FSD IJ.l.Allvd IJ.I. guc an 
0' 0' 

FSD IJ.l.Allvd IJ.I. VH -----N A-----guc an 
0' 0' 

PRM gUcdEn PRM gUcdEn 

As the examples illustrate, neither ordering permits the rules to interact if their 

environments overlap! The environment for Voicing Harmony is not created until an instance 

of [-voice] is inserted by Final Stop Devoicing. Hence, if application of Voicing Harmony 

precedes application of Final Stop Devoicing as in Figure 3.14a, it will never apply when the 

environments of the two rules interact. If Final Stop Devoicing precedes Voicing harmony, as 

is depicted in Figure 3.14b, this remains the case. In spite of the fact that Final Stop 
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Devoicing inserts the featural input to the Voicing Harmony process, its application 

nevertheless encodes the structural boundary which intercedes between the target of Voicing 

Harmony and its trigger. Hence, although the correct featural environment to trigger Voicing 

Harmony is satisfied, application of Final Stop Devoicing removes the intervening structural 

boundary which also constitutes a necessary component of the triggering environment. 

Consequently, sequential application of Final Stop Devoicing preceding application of 

Voicing Harmony effectively bleeds the structural environment of Voicing Harmony, 

preventing its application in this instance. 

There is one more option to consider. The figure below presents the situation arising 

when the application of each rule is unordered with respect to the other, that is, where each 

rule applies whenever its environment is met. In those cases where the environment of Final 

Stop Devoicing overlaps with the environment of Voicing Harmony, the latter rule cannot 

apply until the former begins to. However, once an instance of [-voice] is inserted into the 

environment by Final Stop Devoicing it constitutes the correct environment to trigger 

application of Voicing Harmony. If the rules do not apply in sequential fashion, then both 

environments can be satisfied at once: 

Figure 3.15 Voicing Harmony and Final Stop Devoicing apply whenever their 
environment is met 

I ~A"vl d I~--" gUJ • an -, 
Cj ·.1. Cj . . . . 

" " .. . ; 
[-VOIce] 

gUctEn 

{[-voice] inserted by FSD and spread by VH} 

In sharp contrast to the hypothetical orderings just described, then, the model of 

Instantiative Phonology permits no option to be available to natural language in this 

instance. Since the environments of Final Devoicing and Voicing Harmony contain the same 

boundary, Instantiative Phonology claims that these two processes cannot be ordered with 
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respect to each other, and must apply whenever their environment is met. In this case, both 

rules would apply, predicting that as soon as [-voice] is inserted by Final Devoicing it will be 

spread by Voicing Harmony. Empirically, this is exactly what Turkish requires: 

Figure 3.16 The Interaction of Final Devoicing and Voicing Harmony 

Nom. Poss. 
AIIV" gUJu 

kab~ 

Abl. 
AllV

t guc En 

kaptan 

Gloss 

power 

container 

The analysis consistent with the Turkish facts must be stipulated in theories which permit 

extrinsic rule ordering, but need not be stipulated within the framework of Instantiative 

Phonology-it is the only analysis possible. 

Generalizing from this example, Instantiative Phonology severely restricts the way 

in which phonological rules can interact with each other. Specifically, all processes which 

instantiate the same grammatical constituent cannot be ordered with respect to each other. 

Recall the result obtained in chapter two regarding the acquisition of Vowel Nasalization 

when the effects of Nasal Consonant Deletion were added to the acquisition problem. In this 

event, it was shown that the two rules, both of which instantiated the same constituent and 

applied in overlapping environments, could not be acquired independently of each other. 

Mediated by the generalization obtained through acquisition of Vowel Shortening, the 

proposition of the Nasal Consonant Deletion rule produced a coherent formulation of Vowel 

Nasalization and permitted the applicability of Vowel Shortening in all environments. 

Hence, because acquiSition of each process of this fragment could not proceed in a rule-by-rule 

fashion, it is only sensible to assume that compositional application of these processes should 

not occur in a rule-by-rule fashion either. 
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3.4 The Generative Capacity of Instantiative Phonology 

Through its consequences, the Hypothesis of Instantiation desirably constrains the 

generative power of Instantiative Phonology. For example, the conception of rule application 

consistent with the Hypothesis of Instantiation developed in the previous section severely 

restricts the possible interaction of separate phonological processes. Because phonological 

processes instantiate constituents, then those processes which instantiate the same constituent 

cannot be extrinsically ordered with respect to each other. In this section, other 

restrictions affecting the generative capacity of the model are discussed. 

Instantiative Phonology Resbicts the Typology of Natural Language 

Recall one consequence of the Hypothesis of Instantiation, presented in chapter two 

and repeated for convenience below, which predicts that phonological and morphological 

constituents exist if and only if phonological processes instantiate them as a domain. 

Figure 3.17 A consequence of the Hypothesis of Instantiation 

Abstract grammatical constituents exist in a given natural language if and only if 
there are phonological processes which instantiate (that is, refer to) them in a 
process. 

Languages are thus predicted to possess phonological processes if they also possess 

grammatical constituents of any duration shorter than the duration of an utterance (that is, 

the linguistic signal which occurs between pauses). Conversely, languages containing 

phonological processes are predicted to contain grammatical constituents whose duration is 

shorter than the duration of an utterance. The type of language allowed to have no phonology 

under this conception would be a language whose utterances consist of single constituents with 

no internal structure. The forms in such a language, then, could have no internal morphology 

as well as no syntax-there is no known natural language with these properties. 
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On the face of it, this predicted typology may not seem too earth-shattering 

considering the fact that all attested natural languages appear to contain phonological 

processes. However, Instantiative Phonology is the only theoretical proposal I am aware of 

which actually predicts the existence of phonological operations in natural language-all 

others simply assume this phenomenon. Consider for example the standard organization in a 

level-ordered theory such as Lexical Phonology: 

Figure 3.18 A standard organization of grammar in Lexical Phonology 

I Underlying Representation I 

Lexical Strata Stratum 1 
:======~ 
Stratum 2 

Stratum n-l 

Stratum n 

I Syntax 

I Phonetic Implementationl 

Phonology 

It is consistent within Lexical Phonology to empirically determine lexical strata based on 

either phonological or morphological evidence, and then assign phonological rules to apply 

within a particular stratum. Consequently, one can construct a grammar completely consistent 

with Lexical Phonology (as well as Prosodic Lexical Phonology) which has no phonological 

component whatsoever: 



Figure 3.19 A hypothetical grammar consistent with Lexical Phonology 

I Underlying Representation I 

Lexical Strata Stratum 1 
:=========: 
Stratum 2 

Stratum n-1 

Stratum n 

I Syntax 

I Phonetic Implementationl 
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Because Lexical Phonological theories formally permit grammars void of any phonological 

operation, Lexical Phonological theories claim that phonology-free natural languages should 

be at least as common as those natural languages which have phonology. 

In a modular approach of grammatical organization, the inability of Lexical 

Phonology to predict the existence of phonology in natural languages is not in principle as 

devastating as it might be in a non-modular approach. For example, proponents of this theory 

are free to assert the existence of another independent (and universal) module of grammar 

which interacts with Lexical Phonology to rule out phonology-free languages. 

The complications of Lexical Phonology aside, Instantiative PhonOlogy requires the 

interaction of no other grammatical module in order to predict the natural language typology 

which appears to be empirically necessary: natural languages containing utterance-internal 

grammatical constituents contain phonological processes, and those languages containing 

phonological processes also contain utterance-internal grammatical constituents. 

Phonological Processes Recover t..'e only Recoverable Constituents 

Instantiative Phonology claims that phonological rules instantiate constituent 

domains. In other words, phonological processes render abstract constituents recoverable to a 
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user: when an observed predictability (introduced by a phonological process) is removed from 

a representation, a boundary of some type remains as a residue of that removal. Instantiative 

Phonology also claims that a language will contain a particular type of constituent if and only 

if phonological rules exist that refer to it as a domain. Marrying these two claims results in a 

third: phonological processes recover the only recoverable constituents. When a linguistic 

source instantiates constituents by applying compositional phonological processes, it renders 

them recoverable to any user implementing the de-compositional analogs of those processes. 

Instantiative Phonology therefore predicts the phonological component to be, in principle, a 

reliable parser for a natural language. 

This result implies, at least formally, that a natural language user is provided with a 

parsing strategy through her phonology. Such a strategy allows the user to determine both 

the existence and position of particular constituents as a result of observing phonological 

regularity in the physical linguistic signal. Phonologically instantiated constituents are then 

in principle recoverable without necessary recourse to any other (such as syntactic or semantic) 

context. 

The existence of such intrinsic power within a natural system becomes desirable when 

one considers the task of perceiving an utterance in real time: at conversational speeds a 

natural language receiver (that is, a user) must 1). decode a continuous signal into discrete 

units; 2). look up the meanings of these units in a lexicon, where applicable; and 3). compose 

those units into a coherent meaning, if possible. Formally, there are two basic approaches to 

this task: 'bottom-up' parsing and 'top-down' parsing.10 In a 'bottom-up' approach, the 

parsing system presents the receiver with an identified sequence of lexical units which may 

then be looked up and their meanings composed. In a 'top-down' approach, the identity of the 

10 There are also a number of hybrid strategies which I do not discuss here, see Allen 1987 for 
a thorough presentation of the subject. 
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individual units are hypothesized given a number of factors, including what other units have 

been identified, what categories are hypothesized to be available, what meanings these 

have, and whether such hypotheses fit within a certain discourse context. In a normal 

communication setting where the receiver has few or at least an incomplete set of expectations 

about the content of the message, a top-down approach becomes very unappealing if not 

impossible, because it demands that the receiver continually anticipate the source of the 

linguistic signal. On the other hand, the bottom-up approach becomes all the more desirable, 

because it in principle requires no higher-level context for the identification of the 

informative units. Instantiative Phonology predicts a natural parsing mechanism available 

in the form of de-compositional surface-observable phonological processes. Knowledge of such 

de-compositional processes permits implementation of a 'bottom up' parsing strategy on any 

received signal produced with the compositional analogs of those processes. 

The utility of phonological systems in parsing has not gone unnoticed. Church (1987), 

for example, has achieved some empirical success in automatic speech recognition by using 

allophonic variation (that is, phonologically conditioned processes) as a means of parsing out 

syllabic domains from phonetic transcriptions of English. Although such applications are in 

formative stages of development, I believe the insights of Church (1987) to be essential to 

solving the problem of automatic speech recognition-Instantiative Phonology permits the 

expression of such insights in a formal manner. 

Observability Constrains the Generative Power of Instantiative Phonology 

The notion of observability as the 'existence criterion' for phonological rules serves to 

constrain the generative power of the model in what appear to be desirable ways. 

Observability permits construction of only those rules whose effects can be inferred based on 

the information available within a particular representation. This notion forces a grammar 

to consist of only those processes which can be directly motivated by data. In this way 
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observability appears to implement some of the notions engendering the debate regarding the 

limits of abstraction in linguistic analysis (see, for example, Kiparsky 1968; 1973, and Hooper 

1976) by prohibiting rules which take intermediate representations as their input and yield 

intermediate representations as their output, where an intermediate representation is taken 

to consist of an element or combination of elements which does not occur in the representation 

output by the set of surface-observable processes. At the same time, observability does not 

force a grammar to consist only of those processes which are surface-observable. Rather, it 

allows abstract processes to occur freely (and productively) as long as their effects can be 

observed-such as was the case with the English morpheme -mit. In this sense, Instantiative 

Phonology represents the middle portion of a scale whose end-points consist of extremely 

concrete models such as Natural Generative Phonology (Hooper 1976) on one side, and highly 

abstract models such as the family of Lexical Phonology theories on the other. 

Additionally, phonological underspecification (see for example Archangeli 1984, 

Pulleyblank 1986, Archangeli and Pulleyblank forthcoming) results as a direct consequence of 

observability. The carriers of grammatical information in a given natural language are 

restricted to those featural elements which are crucially necessary to describe a phonological 

process observable in PRM representation. Only unpredictable instances of these featural 

elements find their way into any more abstract representation. Hence although the PRM 

representation contains all of the information present in the physical linguistic signal, the 

next derived representation-the constituent space-contains only unpredictable instances of 

the featural elements crucial to describe the patterns observed in PRM. ObservabiIity thus 

insures and predicts that those elements of the PRM representation not included among the set 

of features which carry grammatical information in a given natural language will never 

appear in any more abstract representation (or grammatical process) of that particular 

natural language. This topic shall be pursued in more detail in the chapters below. 
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3.5 Conclusion 

This chapter presented the elements of the model of Instantiative Phonology and 

described their function. This presentation included a description of a notation permitting the 

formulation of phonological rules within the model. As well as serving as a concise means of 

representing the components of phonological rules, the notation makes predictions about the 

nature and range of variation rules are expected to exhibit. Specifically, because 

phonological rules instantiate grammatical constituents, no non-iterative processes which do 

not instantiate the edge of a grammatical constituent are expected to exist in the grammars of 

the world's languages. 

Also addressed in this chapter were the ways in which particular phonological 

process may interact with each other when their environments overlap. Given the conception 

resulting from the Hypothesis of Instantiation that compositional rule application is bracket 

erasure, all processes instantiating the same grammatical constituent cannot be ordered with 

respect to each other. Rather, each must apply whenever the particular details of its 

environment are satisfied. 

Other ways in which the Hypothesis of Instantiation affects the generative power of 

Instantiative Phonology were also presented. Instantiative Phonology predicts the range of 

languages which are expected to have and not have phonological processes associated with 

them. Further, the processes which can be represented in the model are predicted to perform 

as a reliable and efficient parser of that language into grammatical constituents over which 

further grammatical analysis can be performed. 

Finally, it was briefly hinted that Instantiative Phonology incorporates some of the 

notions of underspecification in a direct manner. Through an empirical treatment of the 

surface-observable phonological processes in Turkish, these issues are discussed in the 

following chapter. 



Chapter 4. Turldsh Instantiative Phonology 

4.0 Introduction 
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In this chapter, the model of Instantiative Phonology is brought to bear on the 

surface-observable processes of a single language, Turkish. The evidence presented below is 

perhaps the most critical in making the case that natural languages are communication 

systems in the specific sense intended here. Recall from chapter one that the Communication 

System Hypothesis predicts that the grammar of natural language encodes structural and 

sequencing cues into the linguistic message in a form which can be recognized by an infurmed 

decoder from inspection of the message itself. Recall further that the strength of this claim 

rests on the extent to which such discoverable structure compares to the linguistic competence 

of the learner/hearer obtained through other investigative means. If a comprehensive set of 

structure cues can be discovered in the observable linguistic signal, then the functional 

equivalent of an encoder/decoder algorithm is argued to be instantiated in language in the 

form of the grammar of that language. As the analysis presented here shows, the surface

observable phonological processes of Turkish (recall these processes can be observed without 

recourse to any semantic, syntactic or morphological information) provide the observer (i.e. 

the learner or hearer) with a small subset of the featural elements from PRM which turn out 

to be both necessary and sufficient to describe the "distinctive" sounds of the language. 

Further, these processes also provide the observer with a set of grammatical constituents into 

which these featural elements are organized. Included in this set of constituents are the 

syllable, the morpheme, and the word, and these constituents are instantiated over a wide 

range of phonological contexts. The breadth of these results supports the conclusion that the 

set of surface-observable phonological processes of Turkish exhibit the properties expected to 

hold of the encoder of a communication system, and thus that the Communication System 
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Hypothesis indeed provides an insightful perspective for investigating the properties of 

natural language grammar. 

The exposition of the analysis proceeds along the following lines. Initially, processes 

relevant to the' vowel system of Turkish are examined. The environments of these processes 

are shown to identify the syllable, morpheme, and word constituents of Turkish as well as a 

small set of phonological features. The set of segments derived through consideration of the 

possible combinations of these features is shown to coincide exactly with the set of vowels 

considered "distinctive" to Turkish speakers. This result is then brought to bear on an 

analysis of Turkish Vowel Harmony. This analysis argues, contrary to the conclusions 

reached in both descriptive and'theoretical treatments of the phenomenon (such as those 

found in Lees 1961, Swift 1962, Foster 1969, Lightner 1972, Underhill 1976, Oements and Sezer 

1982, among others), that the processes resulting in Vowel Harmony function productively in 

roots as well as in affixes, and hence that these processes number among the set of surface-

observable processes in Turkish. 

Following this treatment of the processes relevant to the Turkish vowel system, those 

surface-observable processes relevant to Turkish consonants are examined. Similar results 

obtain for these processes as well: their environments converge on a set of grammatical 

constituents analogous to those converged upon by the processes relevant to vowels, and these 

consonantal processes identify a small set of featural elements whose combinations possess 

sufficient capacity to generate the set of "distinctive" Turkish consonants. 

The final sections of this chapter are concerned with how these results bear on the 

notion of phonological underspecification. Although the Turkish processes considered here 

refer to an inventory of features which is but a small subset of the features in PRM, this result 

is obtained without building theoretically motivated notions of underspecification into the 

model of Instantiative Phonology. In other words, the "underspecified" nature of the Turkish 
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featural inventory obtained in this analysis is an entirely empirical result. The discussion 

argues that although Instantiative Phonology reaches conclusions which accord with those 

expected by theories of underspecification, it does so without increasing the complexity of the 

model by adding any theoretical bias towards those conclusions. 

4.1 The SOWlds of Turkish 

This section presents the sound inventory over which the grammatical analysis 

described is assumed to be relevant. 

Turkish Consonants 

Lees (1961), Swift (1962), Underhill (1976) provide descriptions of the following 

surface consonantal inventory of Turkish: 

Figure 4.1 The Surfaee Consonants of Turkish 1 

Lab. Cor. Pal. PaL-Vel. Vel. Glot. 

stops [-vce] t 
v 

P c '" k k 7 

[+vee] b d v 
J '" 9 9 

fricatives [-vce] f v 
5 5 h 

[+vce] v 
v z z 

nasals m n Jl 

liquids r 

[-vee] r 
0 

y 

The following figure represents a featural decomposition of the same inventory: 

1 These sources mention that appearances of the voiced palatal fricative ~ are limited to 
obvious borrowings, and hence these sources do not consider it a distinctive element in the 
language. 
2 Underhill (976) describes the non-palatal lateral as "dark 1", hence its presence in the 
velar series. As is shown in section 4.3 below, this lateral patterns with velars and not with 
coror.a.ls. 
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Figure 4.2 An articulatory decomposition of Turkish surface consonants 

b f d s v v v V A A 
A A k 1 ? h p v m t z n c J s z Jl Y r r k 9 9 IJ 0 0 

cont + + - + + - + + - + + + + + - + - + 
vce - + - + + - + - + + - + - + + + + - - + + - - + + + 
nsl + - - + + - + -
LAB 0 II 0 0 II 

COR 0 • 0 .. 0 • 0 • .. II • • .. II II II .. 
bk 
DaR 0 0 • 0 0 0 0 0 e 0 0 • 0 II 0 0 • ca 

hi + + + + + + + + + + + + + + + + 
low + + 

Turkish Vowels 

Swift (1962) and Underhill (1976) provide the following descriptions of the surface 

vowel inventor,,] of Turkish: 

Figure 4.3 Turkish surface vowels 

ii 

o 
E 

~ a 

Swift (1962) 

a 

Underhill (1976) 

These vowels are consistent with the following featural decomposition: 

Figure 4.4 An articulatory decomposition of Turkish surface vowels 

U I :I- u u e E 0 0 0 a <;I 
high + + + + + + 
back + + + + + + ? 
round + + + + + + 
ATR + + + + 
low + + 

Although both descriptions converge on essentially the same set of vowel sounds 

heard in Turkish (Swift 1962 has [a] but not [e]; Underhill 1976 has [e] but not [<;I]), each 

description characterizes the environments that members of this set are found in somewhat 
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differently. There is little overlap in the environmental descriptions of where each surface 

vowel is found, hence it is difficult to extract much systematic behavior which holds across 

the dialects described. The immediately following discussion presents the details of each 

description. 

Swift (1962) 

Swift (1962:5-9) states that [i) and [u] are found in non-word-final open syllables to 

the exclusion of [I] and [u], respectively, which are found elsewhere. While the description 

refers to the articulation of the vowel a as being equivalent to the articulation of [ I] but with 

the lips rounded, and to the articulation of :j. as being equivalent to the articulation of [u] but 

with the lips unrounded, it describes no environmentally conditioned variation between these 

two sounds. [E) and [~] (described as equivalent to the articulation of [E) but with rounded 

lips) have no environmental restrictions, while [0] is described to be found to the exclusion of 

[0] in syllables containing a palatal. A low, centralized vowel [<il] is found to the exclusion of 

[a] in syllables with palatal 1, hereafter A. Finally, of the preceding vowels, those described 

by the symbols i, e, a, and u are described as appearing both long and short, but no phonetic 

detail is given for the long instantiations of these vowels. 

In summary, Swift (1962) describes the following phonetic vowels where each member 

of the pair is in complementary distribution with the other: [i ] and [I], [u] and [u], [0] and 

[0], and [a] and [q]i instances of the vowels ru]' U], [El, and [0] are environmentally 

unpredictable. 

Underhill (1976) 

Underhill (1976:13-17) describes similar but distinct environments for these observed 

surface vowels. [a] has no restrictions and is found in all types of environments. [E) and [~] 
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appear in all environments except when preceding g in the orthography3 where [e] and [i], 

respectively, are found. Similarly, [0] is found both in open syllables and preceding g, while 

[0] is found only in closed syllables. [u] appears in open syllables (and before g) which are not 

word-final, to the exclusion of [u], which appears in tile complementary environments. if and 

if are described as the rounded versions of i and e, respectively, while ~ is described as the 

unrounded version of Ui no more phonetic detail is described. 

Like Swift (1962), Underhill (1976) also states that i, e, U, and a occur phonetically 

long. Articulations of non-high long vowels do not change in quality: [a] and [E], while long 

high vowels are always articulated as tense variants: [i] and [0] (*[r] and *[U]). 

The Underhill (1976) description includes the following four vowel groups where each 

member of a pair is in complementary distribution with the other: [; ] and [I], [u] and [u], [e] 

and [E], and [0) and [0]. Instances of the other four surface vowels [0], lU], [:\.], and [a], are 

described as not limited to any particular environment. 

A Cross-Dialectal Inventory of Surface Vowels 

As noted above, there are two discrepancies with respect to the surface vowel 

inventory of Turkish described in these sources: [e) and [9]' Differences between these 

inventories are assumed here to reflect two distinct dialects. The discussion shall be confined 

to those processes which do not directly refer to either of these surface variants. Because the 

descriptions differ on the details of the environment conditioning the complementary 

distribution of [:l] and [0], an explanation of this distribution shall also lie outside the scope 

of this presentation. In other words, the inventory to be accounted for here includes the 

intersection of the two sets of vowels: [; U lEO :\. u U 0 a]. 

3 Depending on the particular dialect, g is interpreted phonetically either as a lengthening 
of the preceding vowel, the velar continuant [Y), or the palatal glide [y]. 
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4.2 [ATR] Variation in High Vowels 

The [A TR] value of some high vowels varies across different contexts. Of the six high 

vowels [ ; I U :j. U u] found in Turkish, [ i ] and [u] are [+A TR] while the remaining four 

are [-ATR]. The two [+ATR] vowels [i] and [u] are in complementary distribution with [I] 

and [u], their respective [-A TR] counterparts: [I] and [u] are found to the exclusion of [ i ] and 

[u] both in closed syllables and in word-final open syllables. Any coherent generalization 

which holds for these data must consider the [-ATR] manifestation to be the predictable 

variant: the [-ATR] variants of these vowels occur word-finally and in closed syllables.4 This 

generalization is assumed to arise as the result of two distinct rules, one which pertains to the 

distribution in closed or open syllables, and one which pertains to the distribution word-

finally. For convenience, only the rule which pertains to the word-final distribution is 

formulated here; no theoretical point hangs on this decision to formulate one process over the 

other (or over the pair). Forms representative of this characteristic distribution are provided 

below: 

Figure 4.5 High vowels in word-final open syllables are [-A TR] 

a. kutu box 

su water 

iYI good 

b. s i 1 ah 

iy I 

buna 

weapon 

good 

to this 

Two distinct formulations of the rule resulting in this word-final distribution are 

possible. The first deletes an instance of [+ATR] from a [+high] vowel and the second inserts 

an instance of [-ATR] onto a [+high1 vowel. Either formulation of this process, then, must 

4 An attempt to generalize this distribution in terms of the [+ATR] variant results in the 
following statement: [+ATR] vowels are found only in word-internal open syllables. Although 
this appears simple enough in prose, it is very difficult (and in this model probably 
impossible) to formulate in any coherent rule notation. Hence, it is rejected here. 
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include explicit reference to the mora J..L (to distinguish vowels from other objects), the feature 

[+high], and some value of [ATR]. Further, either formulation must also include crucial 

reference to the Turkish word constituent. The former version is formulated below:5 

Figure 4.6 [+A TR] Deletion 

Operation: 
Operand: 
Target: 
Trigger: 
Constituent: 
Instantiation: 

Delete 
[+ATR] 
J..L 
[+highJ 
Word 
Right Edge 

Explicit reference of [+high], [+ATR], and J..L in the formulation of this process is 

interpreted within Instantiative Phonology to signify both that these featural elements carry 

grammatical information in Turkish and that their systematic interaction instantiates the 

Turkish word. 

4.3 Velar Palatalization 

Palatalized velars k, g, and" appear to the exclusion of velars k, g, and 1, 

respectively, immediately preceding any of the front vowels i, e, ii, or o. Figure 4.7 below 

presents forms representative of this systematic distribution. Part (a) illustrates the 

occurrence of palatalized velars preceding front vowels, while part (b) contains un-

palatalized velars near back vowels. Part (c) presents instances of palatalized velars whose 

distribution cannot be predicted based on neighboring context: 

5 This particular choice is based on arguments presented in Archangeli and Pulleyblank 
forthcoming; it has no effect on any argument presented here. 
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Figure 4.7 The Palatalization of Velar Consonants 

Form Gloss Form Gloss Form Gloss 

'" '" a. klr dirt b. kir meadow c. katlp c1erl( 

'" kaAEm pen kalp counterfeit ahkam judgements 

'" kEA bald s~k often ihAaA violation 

'" '" kor blind UktE ganglion zEkat alms 

'" " abundant USUA system gur 
'" maAlk owner 

Although palatalized velars do appear near back vowels (Figure 4.7c), un-

palatalized velars never appear before front vowels. This grammatical process responsible 

for these distributional effects is analyzed here as the leftward spread of [-back] from a 

vowel onto a preceding velar (represented as an instance of a DORSAL node/feature) 

whenever the velar occurs within some local domain. Taking unpredictable occurrences of 

palatalized-velars to represent unpredictable occurrences of [-back], these data argue that 

[-back] does not spread onto vowels via this process. Hence, any correct characterization of 

the target must be able to distinguish between velars and vowels. I assume that this process 

specifically targets velars, and hence that velars are represented as instances of DORSAL. 

Within this analysis, the resistance of vowels to undergo the process leads to the conclusion 

that although [+high] and [-back] reflect dorsal articulation phonetically, vowels do not 

appear to carry grammatical instances of DORSAL. Formulation of the rule appears below: 

Figure 4.8 Velar Palatalization 

Operation: 
Operand: 
Target: 
Direction: 
Constituent: 
Instantiation: 

Spread 
[-back] 
DORSAL 
Left 
Syllable 
Left Edge 
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The necessary inclusion of [-back] and DORSAL in the description of Velar Palatalization 

argue that these elements carry grammatical information in Turkish and that their 

interaction instantiates the syllable. 

The discussion now turns to an observation found in Clements and Sezer (1982) 

identifying the predictable presence of rounded consonants preceding rounded vowels. This 

systematic distribution reflects a process delimiting the Turkish syllable and revealing 

[+round] to be a carrier of grammatical information in Turkish. 

4.4 Regressive Rounding 

Clements and Sezer (1982:248) make the following observation concerning the rounding 

of consonants before a rounded vowel: 

"".compare [spWor ] ('sport'-T.B.) (not [sWpWorD with regular words like 

[sWomWun] 'loaf, where /s/ assimilates in rounding to the following vowel. 
Apparently, therefore, some consonants occur with an opaque specification for 
the feature [-round] in word-initial clusters if the root vowel is /0/. [po 248]" 

This observation is interpreted here somewhat differently than in Clements and 

Sezer (1982). Instead of specifying some consonants as [-round], the surface variation in 

labialization of consonants described here is taken to indicate a process which spreads 

instances of [+roundJ leftward from a vowel but which cannot spread [+roundJ beyond the 

boundaries of a licit Turkish syllable. With this analysis in mind, then in the above 

examples the p of [s p Wor ] lies within the licit syllable, but the s does not. However, in the 

second example, s does lie within the domain instantiated by this process and therefore it 

occurs with co-articulated lip rounding, hence [sWomWun]. In other words, the boundary of a 

grammatical constituent can be inferred to intervene between the sand p of spar based on the 

distinction between the unroundedness of s in spar versus the rounding of s in sam un. 

The notion of proposing that a syllable boundary intervenes in this between the 5 and 

P of spor may seem a bit strange. This strangeness is reinforced by the intuition that this form 
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is undoubtedly produced as a single phonetic syllable (after all, spor contains only one 

vowel!). Before dismissing this analysis on such grounds, however, consider the American 

English form potato. In the author's midwestern dialect, this form frequently surfaces as the 

disyllabic form [p h the y r 0] in casual settings but as the trisyllabic form [p hat hey r 0] in 

more socially constrained settings. Given these variants, recall now the American English 

Aspiration rule discussed in chapter two. Aspiration affects a voiceless stop in the initial 

position of some prosodic constituent (either the foot or the syllable, depending on which side 

of the Kiparsky-Withgott/Kahn-Hammond debate one cares to be on), but does not affect a 

voiceless stop if that stop is not strictly initial. This sensitivity gives rise to the aspirated 

character of the initial stop in disyllabic table ([ the y b 1, ]) and to the unaspirated character 

of that same stop in monosyllabic stop ([5 tap D. In light of this demonstrated sensitivity, 

consider now the character of the t appearing as the second element of the initial cluster in 

disyllabic [p h the y r a ]-it is aspirated, but it is not in strict-initial position of this form. 

Rather than label disyllabic [ph theyro] as a lexical exception to Aspiration, I would 

propose instead that in such a form both of the stops are in the initial position of a prosodic 

constituent, but the first constituent doesn't happen to be audible in this form. Returning now 

to the rounding of p but not s in Turkish spor, Clements and Sezer (1982) mention that spor is 

also heard as [5:1- pWor], because sp is not a licit cluster in Turkish (see Clements and Keyser 

1983 for a discussion of the distribution of sounds within the Turkish syllable). Hence, I argue 

that this rounding distinction arises for the analogous reasons as the aspiration distinction for 

disyllabic potato in American English. 

Proposing a rule of Regressive Rounding is thus argued to provide a reasonable 

analysiS consistent with the facts. Formulation of the process must include the unconditional 

spreading of [Hound] leftward to the initial edge of some abstract constituent, in this case, the 

Turkish syllable: 



Figure 4.9 Regressive Rounding 

Operation: 
Operand: 
Direction: 
Constituent: 
Instantiation: 

Spread 
[+round) 
Left 
Syllable 
Left Edge 

4.5 Results of the Vowel-based Processes of Turkish 
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So far, three processes of Turkish phonology have been described, all of which are 

observable within PRM. The analysis of [+ATR]-Deletion, Velar Palatalization, and 

Regressive Rounding argues that DORSAL, [-backl, [+round], [+ATR], and [+high], as well as 

the moraic unit J.l carry grammatical information in Turkish, because these features must be 

necessarily included to describe the environment for one or more of these processes. The 

interaction of these features in PRM motivate the direct representation of both the word and 

the syllable constituents in the constituent space of Turkish. 

Consider the inventory of vowels (i.e. moraic elements) which can be described in 

terms of combining the features [+high], [-back], [+round], and [+ATR] subject to constraints 

given by the phonetic inventory of Turkish and after removing those vowels whose 

distribution is entirely predictable via the processes described above:6 

6 Specifically, the two high vowels [I] and [u] do not appear below because their distribution 
is entirely predictable given the [+ATR]-Deletion process discussed in section 4.2. 
Additionally, there are no non-high back round vowels which are not also [+ATR], and no 
[+ATR] low vowels. 
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Figure 4.10 Vowels described by [-back], [+high], (+round], and [+ATR] (including J.I.) 

u 0 E U ~ 0 a 
J.I. J.I. J.I. J.I. J.I. J.I. J.I. J.I. 

-back -back -back -back 
+high +high +high +high 
+round +round +round +round 

+ATR +ATR +ATR 

Comparing the resulting inventory to those found in Swift (1962) and Underhill (1976) shows 

that this collection of eight vowels corresponds exactly to the described eight distinct and 

unpredictable vowel groups. As was promised in the introduction to this chapter, this 

inventory is both necessary and sufficient to describe the "distinctive" or "phonemic" vowel 

inventory of Turkish. The particular members of this inventory have been arrived at not 

through the search for minimal pairs or through simple stipulation. Rather, this inventory is 

derived as an empirical consequence of observing the set of surface-observable processes in the 

language! What is more, in the process of deriving this inventory of "distinctive" sounds, 

observation of these processes has also revealed the existence and character of the 

grammatical constituents syllable and word without recourse to any other grammatical 

information beyond that provided by the PRM. As shall be seen in more detail below, what is 

at work here is not really a clever model of phonological organization, but rather a 

perspective which allows the observation of a grammatical system possessing heretofore 

underestimated resolving power. 

The discussion now turns to an analysis of Turkish Vowel Harmony. As is shown, the 

perspective provided by Instantiative Phonology permits unique insight into the grammatical 

system generating this phenomenon. 



137 

4.6 An Excursus on Turkish Vowel Harmony 

Turkish Vowel Harmony is widely known. Linguistic analyses such as Lees (1961) and 

including Swift (1962), Foster (1969), Lightner (1972), Anderson (1974), Yavash (1980), 

Clements and Sezer (1982), etc. all describe vowel harmony as widespread and productive but 

nevertheless as ridden with exceptions. The conclusions reached in these studies localize the 

exceptional behavior to the set of root morphemes; the phenomenon is found nearly 

exceptionlessly in sequences of affixes7 from left to right across the Turkish word.8 The 

pervasive presence of harmonic vowels in roots (despite a non-trivial class of exceptions) and 

their almost deterministic appearance in sequences of affixes raise the question of whether 

the processes responsible for vowel harmony are surface-observable. Specifically, is the 

range of exceptional behavior sufficiently unsystematic to force the conclusion that these 

processes are not purely phonologically conditioned? 

The analysis presented here takes advantage of the set of grammatical information 

carriers motivated thus far for Turkish: l+high], [-back), [+round), and J.1. As is shown below, 

restating the environment conditioning vowel harmony in terms of only these elements 

provides a crucial first step towards a principled account of a number of apparently 

disharmonic sequences of vowels. Investigation of the range of suffixal exceptions to vowel 

harmony also provides insight into a means of treating disharmonic roots containing similar 

internal distributions, and leads to a more refined notion of the generalizations describing the 

phenomenon of vowel harmony. When additional information produced by Yavash (1980), a 

psycholinguistic experiment testing the productivity of vowel harmony is considered, the 

range of unsystematic vowel sequences becomes virtually nonexistent. 

7 Turkish has no prefixes; all affixation is suffixation. 
8 Affixes of the type exhibiting exceptional behavior are discussed below. 
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Based on such results, the analysis here concludes that Backness Harmony and 

Rounding Harmony, the two processes responsible for the phenomenon, are both purely 

phonologically conditioned. These processes are therefore to be included among the surface-

observable processes in Turkish. 

This is a desirable result. Considering Backness Harmony and Rounding harmony to 

be surface-observable renders them learnable by the mechanism described in chapter two. 

Additionally, as surface-observable processes, the learner can exploit the fact that Backness 

Harmony and Rounding Harmony reveal the Turkish word domain. Finally, because 

expression of the surface-observable forms the Backness Harmony and Rounding Harmony 

requires the same features as those required to express [+ATR]-Deletion, Velar 

Palatalization, and Regressive Rounding, these processes strengthen the coherence of the 

grammatical system described here. 

The Vowel Harmony Phenomenon 

Data prototypic of the vowel harmony phenomenon in Turkish appear in Figure 4.11 

below. The generalizations available from the data include that a vowel agrees in backness 

with a preceding vowel, and that a high vowel agrees in roundness with a preceding vowel: 

Figure 4.11 Forms representing Turkish Vowel harmony 

Nom.Sg. Gen.Sg. Nom. PI. Gell.PI. Gloss 

Ip ipln IpAEr IpAErIn rope 

k:l.z k:l.z:l.n k:\.z 1 ar k:l.zlar:l.n girl 

yUz yUzun yUzAEr yUzAErIn face 

pul pulun pu 1 1 ar pullar:l.n stamp 

EA EAIn EAAEr EAAErIn hand 

sap sap:l.n saplar saplar:l.n stalk 
'" '" '" A 

kay kay Un kaYAEr kaYAErln village 

son sonun sonlar sonlar:l.n end 
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Forms above such as the genitive plural pullarin of pul, 'stamp', reveal that Rounding 

Harmony does not skip over non-high vowels to the next high vowel--this form does not 

surface as *pullarun. In addition to the data provided in Figure 4.11, forms such as don-ayor-

uz 'turn-progressive-1st pI.' and ac-abil-ir-siniz 'open-ability-present-2nd pi.' illustrate that 

these generalizations are relevant throughout the domain of the Turkish word. For ease of 

future reference, these generalizations are summarized as follows: 

Figure 4.12 Generalizations valid over the prototypic harmonic vowel sequences of 
Turkish and the licit sequences they generate 

a. High vowels agree in roundness with a preceding vowel 
A vowel agrees in backness with a preceding vowel 

b. Sequences conforming to these generalizations (sequences of identical vowels 
are licit but are not represented) 

i I I Ie: 

I. II " U .. ,0 0 .. ,a 
, 

0, .. u E .. ,0 a .. t =I-

, .1 II " 
, 

E .. , , U, .. 0 0 .. ,E D •• ,U a ... 0 =1-. I.a 

" U. liE u. I.a 

Before presenting an analysis of this phenomenon within Instantiative Phonology, it 

is useful to provide a context for it. To this end, the following discussion presents a brief 

review of the autosegmental treatment of Turkish Vowel Harmony found in Clements and 

Sezer (1982). 

Clements and Sezer (1982) 

The Clements and Sezer (1982) analysis, hereafter C&S, assumes an autosegrnental 

theory (see, for example, Goldsmith 1976 and Clements 1977) exploiting the binary 

distinctive feature system of SPE. In the terms of this model, phonological autosegments (or 

collections of autosegments linked to each other) can be either P-bearing units which 

participate in vowel harmony, opaque units which block vowel harmony, or transparent units 
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which neither participate in nor block vowel harmony.9 To treat the generalizations 

presented in Figure 4.12, C&S consider the P-bearing units for Backness Harmony to be [±back] 

and the P-bearing units for Rounding Harmony to be [±round]. While Backness Harmony has 

no opaque segments in this analysis, Rounding Harmony does. Segments opaque to Rounding 

Harmony include non-high vowels, that is, instances of [J.l, -high]. Such segments are assumed 

to contain a linked instance of one value of the harmonic feature (in this case [±round]); the 

presence of a linked instance of the autosegment on the tier where Rounding Harmony is 

relevant blocks the rightward harmonic spread of any autosegment to their left. 

The following derivations illustrate the function of the two processes within this 

model. The pair of derivations in part (a) present the application of Backness and Rounding 

Harmonies for the forms ipin and sonun. Each root depicted is associated with one free 

autosegment on the rounding tier ([-round] for the unrounded vowel in ip and [+round] for the 

rounded vowel in son) and one free autosegment on the backness tier ([-back] for the front 

vowel and [+back] for the back vowel). Application of the two processes of vowel harmony 

amounts to the association of the free autosegments to the leftmost element of the string 

followed by the exhaustive spread rightward throughout the domain. Examples in (b) 

illustrate the effect of the opaque segment present in the nominative plural suffix -ler. Under 

the theory assumed in C&S, the non-high vowel of this suffix is opaque to Rounding 

Harmony, hence it blocks application of the process. The block is signified by an instance of 

[-round] linked to the suffix vowel. As the derivation shows, this linked instance of [-round] 

prevents the harmonic spreading on the roundness tier of any free autosegment associated 

9 Within this autosegmental model, instances of vowel harmony in language systems are 
treated as the result of interactions between universal grammatical parameters rather than 
as language-particular rules. For economy of exposition, the discussion here does not present 
the details of this section of the model. No claims made here are affected by this omission. 
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with the root. Because Backness Harmony has no opaque segments, its spread is unaffected in 

these forms. 

Figure 4.13 Sample derivations to illustrate the C&S treatment of vowel harmony (after 
C&S figures 7, 8) 

a. Nominative singular 
ipin 

-R 

IpIn 

-B 

II 

-~ . . 
Ipin . . .. . . .... 
-B 

sonun 

+R 

sEnIn 

+B 

+R 
I. 

i " . 
sEnin .. 
~ .. ' 
" +B 

b. Nominative Plural 
ipler sonlar 

-R -R 

I 
Ip IEr 

-B 

+R -R 

I 
sEn IEr 

+B 

+R -R 

. I 
sl!n lpr 

: ,.. .' 
" +B 

In order to establish the locality effects associated with Rounding Harmony (recall 

the genitive plural form sonlarin *soniarun), C&S provide the following analysis: 

Figure 4.14 Accounting for the particulars of Rounding Harmony (after C&S figures 9-11) 

sonlari.n 

+R -R +R -R +R -R 

I I : ". . I' : " 
sEn 1Er In => spn 1Er In sEn lEr In -: ............ . ;,..: .... . 
+B +B +B 

As the figure illustrates, the opaque non-high vowel linked to an instance of [-round] blocks 

the rightward harmonic spread of the [+round] autosegment contributed to the representation 

by the root. However, this analysis considers the instance of [-round] linked to the non-high 

vowel to be responsible for the unrounded appearance of the final vowel. In this model, then, 
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opaque segments are predicted to be blockers of vowel harmony, non-undergoers of vowel 

harmony, but nevertheless spreaders of autosegments on the relevant harmonic tiers. 

C&S document a number of exceptions to the generalizations presented in Figure 4.12 

above. With respect to the generalization that vowels agree in back ness with a preceding 

vowel, C&S cite the following instances of exceptional behavior:10 

Figme 4.15 Exceptions to Turkish Backness Harmony 

a. Co-occurrence of a and i: 
A 

k i tap book 
A 

dakika minute 

s i 1 ah weapon 

b. Co-occurrence of E and a: 

mEzat auction 

hEsap bank account 
v -JEza item, piece 

c. Co-occurrence of E and 0: 

dEkor 

dEpO 

mEtot 

stage scenery 

warehouse 

method 
d. Co-occurrence of E and u: 

r Esur brave 
A 

mEk tup letter 

n E mr u t unsociable 

hams I anchovies 

han I where is 

t ak v I m calender 

ka tmEr fold, layer 

kardEs Sibling 

habEr news 

no tEr notary public 

modEA model 

docEn t associate professor 

muh tErEm respected 

kudrE t power 

surE chapter of the Koran 

C&S also document a number of exceptions to the generalization that a high vowel agrees in 

roundness with a preceding vowel:11 

10 C&S provide no data of the type :\. , , ,i and:\.", E, reporting (p. 223) that exceptions 
involving the hi back unrounded vowel -i are very rare. 
11 Of the vowel sequences constituting "regular" exceptions to vowel harmony (that is, 
exceptions to rounding harmony which include [-round] followed by [+round)) a ... u, a ... ii, i...ii, 
and E ... ii, C&S point out that exceptions of this type involving ii are rare except for the pairs 
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Figure 4.16 Exceptions to Turkish Rounding Harmony 

a. Appearance of u following a 

marul lettuce barut gunpowder 

sardunya geranium fatura invoice 
v 

cucumber yakut emerald a] ur 

anut sulky arzu desire 

b. Co-occurrence of ii and i 

Umrt hope tifUs typhus 

mUmbrt infertile virUs virus 

UnsiyEt familiari ty nl,\UfEr water lily 

Examples of these types lead C&S to conclude that neither Backness Harmony nor 

Rounding Harmony applies within Turkish roots. Within this analysis, these disharmonic 

roots contain instances of the harmonic auto segments ([±back] and [±round» linked to each 

vowel in the root: 

Figure 4.17 The C&S analysis of disharmonic roots 

kudret marul takvim 

+R -R -it I I 
-R 
/\ 

kldrEt mErIl 

I I V 
tEkvlm 
I I 

+B -B +B +B -B 

C&S consider Vowel Harmony to be productive in suffixes. However, there are cases 

of disharmonic suffixes in Turkish. Examples follow: 

a ... u and i ... ii. No data is given there or in the present analysis for these uncommon 
exceptional sequences. 
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Figure 4.18 True disharmony in Turkish suffixes: vowels which trigger Vowel Harmony 
but are not themselves targets for Vowel Harmony 

a. The Progressive Affix /-IYQr/ 

gEA;y~rum I am coming *gEA;y~rum 

gUAUy~rum I am laughing *gUAUy~rum 

ald~m I buy 

b. The Verb-Forming Affix /-Ed!!r/ 

g;dEd~rsun let him keep going *g; dEd~rsun 

gUAEd~rsun let him keep laughing *gUAEd~rsun 

bakas:i.n let him look 

c. The Accusative Noun-Forming Affix /-ist~/ 

mOOAIstan~ Mongolia *mooAUs tan ~ - - - -
A 

tUrkIstan~ Turkestan - -
The treatment of these exceptions follows exactly the treatment of disharmonic exceptions in 

roots--that is--the opaque vowel is associated with a blocking autosegment on the relevant 

tier: 

Figure 4.19 The C&S treatment of disharmony in suffixes 
geliyorum 

-R +R -R +R 

I / t·· '. ". t···· .. 
gEl lyEr 1m ~l IyEr 1m 

I \ t .... \ .... .' . . ' 
-B +B -B +B 

Hence, C&S provide a unified account of the disharmony found both in roots and in 

affixes. The analysis exploits the conceptual notion that phonological features are 

autosegments on distinct tiers, but that both values of a feature are represented on the same 

tier. The tier representation permits each harmonic process to proceed through the domain 

unrestricted by the presence of other features on separate tiers. Harmonic processes are 
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blocked by another instance of an autosegment (on the relevant tier) linked to auto segments on 

other tiers. Coupling this tier representation with the notion that features have two binary 

values thus yields an analysis of disharmony: the spread of any value of a harmonic 

autosegment is blocked when a linked instance of the other value is encountered on the tier. 

Making use of the autosegmental model accounts for the fact that disharmonic vowels 

nevertheless trigger vowel harmony for those vowels which follow it (recall, for example, 

the derivation of geliyorum from Figure 4.19). 

The discussion now turns to the formulation of the processes responsible for vowel 

harmony in terms of Instantiative Phonology. 

Vowel Harmony within Instantiative Phonology 

If vowel harmony is only operative upon suffixation then it has lexical exceptions. If 

it has lexical exceptions, then its observation requires information not included in PRM, and 

therefore the processes responsible for it are not surface-observable. The surface-observable 

processes of Velar Palatalization, Regressive Rounding, and [+ATRJ-Deletion described so far 

make explicit and crucial reference to [+highJ, [-backJ, [+roundJ and Jl. Given the description 

of vowel harmony in Figure 4.12, these elements participate in the phenomenon, however the 

composition of this set differs from that employed in C&S. In addition to these features, C&S 

also required that [-roundJ, [-high], and [+backJ be present in the representation which forms 

the input to Backness and Rounding Harmony. The questions arise, then, as to whether the set 

of features motivated to this point within the Instantiative Phonology analysis of Turkish is 

sufficient to account for the vowel harmony phenomenon, and whether an analysis couched in 

terms of this set probes more deeply into the apparently exceptional behavior of so many 

Turkish forms. 

The following figure provides the formulation of the two processes responsible for 

Vowel Harmony in terms of [+highJ, [-backJ, and [+roundJ. Here, the process responsible for 
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the generalization that vowels agree in backness, Backness Harmony, spreads its [-back] 

argument to a following vowel instantiating the word domain. Its companion process, 

Rounding Harmony, specifically selects [+high] vowels as targets to which it spreads [+round] 

throughout the word.12 This formulation of Rounding Harmony contrasts with that proposed 

in C&S. Recall that in the C&S formulation Rounding Harmony applies generally, but that 

all non-high vowels are pre-linked to an instance of [-roundJ. 

Figure 4.20 Vowel Harmony stated in terms of [+high], [-back], and [+round] 

Badknessliannony Rounding liannony 
Operation: Spread Operation: Spread 
Operand: [-back] Operand: [+round] 
Target: Il Target: [Il, +high] 
Direction: Right Direction: Right 
Constituent: Word Constituent: Word 
Instantiation: Domain Instantiation: Domain 

Considering the abstract representation of Turkish vowels to contain instances of only [+high], 

[-back], and [+round] allows certain disharmonic sequences to be interpreted as non-

exceptional sequences. Specifically, any allegedly disharmonic sequence where a [+back] 

vowel precedes a [-back] vowel, or a [-round] vowel precedes a [+round, +high] vowel are 

trivially accounted for in terms of this smaller inventory-these sequences are not truly 

disharmonic because the leftmost vowel does not contain the proper input conditioning 

application of either Backness Harmony or Rounding Harmony; hence neither process is 

relevant in these cases. The following figure describes the range of licit harmonic sequences 

under this formulation (compare with Figure 4.12): 

12 The proper formulation of this rule must include the fact that the rule cannot skip a vowel, 
that is, if the vowel immediately following is not a licit target, the rule cannot search for 
another target to the right of that immediately following vowel. 
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Figure 4.21 Expressing the generalizations in Figure 4.12 in terms of [+high], [-back], and 
[+round] 

a. Licit harmonic sequences when Backness Harmony and Rounding Harmony 
are expressed only in terms of the features [+high], [-back], and [+round] 

i II •• " u. ,,0 C'lla a I I Ii I liE 0" .U EII'O 

. " I • " O.IIU 
. 

E I I t 1 U" .0 D'IIE a., .0 =1- •• • a 

" u" .a U" .E a" .e U" .E 

i " a" .U 0". E a" Ii IIIU 

b. Examples instantiating this expanded set of sequences 

a ... i: hamsi anchovies U ... E: kudrEt power 

a ... E: kardd5' sibling a ... u: barut gunpowder 

O ... E: kOAYE necklace i ... w: n;AUfEr water lily 

The constituent space representation of such roots appear below. In each case, the leftmost 

vowel does not contain the proper input to trigger application of either Backness Harmony or 

Rounding Harmony as formulated in Figure 4.20. 

Figure 4.22 Representations input to Backness Harmony and Rounding Harmony, from 
Figure 4.21 

a. hamsi b. kOAYE c. barut 
Il Il Il Il Il Il 

h ms +high k AY b r +high t -back -back 
+round +round 

The preceding discussion argues that by expressing Backness Harmony and Rounding 

Harmony only in terms of [+high], [-back], and [+round] (instead of in terms of [±high], 

[±back], and [±round», the number of sequences considered to be licit harmonic sequences 

increases. This increase has the desirable consequence that it treats as systematic the 

attested forms in Figure 4.21b. Under a formulation of Backness Harmony and Rounding 

Harmony in terms of both values of the harmonic features, such as that proposed in C&S, 

these forms must be considered completely unsystematic. 
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Exceptions to Vowel Harmony in Turkish Suffixes 

The sequences discussed immediately above do not comprise the entire range of 

sequences alleged to be exceptional; other cases exist as well. In exploring a systematic 

account of such cases, it is instructive to consider the typology of allegedly exceptional 

behavior found in Turkish affixes, where vowel harmony is undoubtedly productive. 

Recall the suffixes which exhibit exceptional behavior with respect to the Backness 

and Rounding Harmonies described in Figure 4.18, repeated below for ease of reference. The 

vowels underlined in the forms do not vary in different harmony contexts; the final form in 

parts (a) and (b) illustrate that the invariant vowel nevertheless causes a following vowel to 

harmonize with it: 

Figure 4.23 True disharmony in Turkish suffixes: vowels which trigger Vowel Harmony 
but are not themselves targets for Vowel Harmony (from Figure 4.18) 

a. The Progressive Affix /-IYQr/ 

gEAiy~rum 

gUAUy~rum 

ald~m 

I am coming 

I am laughing 

I buy 

b. The Verb-Forming Affix /-Edyr/ 

gidEd~rsun 

gUAEd~rsun 

bakas~n 

let him keep going 

let him keep laughing 

let him look 

c. The Accusative Noun-Forming Affix /-is@n/13 

mClOAIstani 
A 

H.irk IS tan ~ 

Mongolia 

Turkestan 

*gEAiy~rum 

*gUAUy~rum 

*gidEd~rsun 

*gUAEd~rsun 

*mOOAUs tan i 

13 The discussion here is concerned only with the invariant first vowel of the affix. 
Although the second vowel is also invariant with respect to Vowel Harmony, for reasons to 
become obvious there I postpone discussion of this class of exceptions (that is, instances of a 
[-back] vowel followed by the back low vowel a) until a later section. 
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Postponing the discussion of the resistance of a in -istan to harmonize until later in 

this treatment, the set of invariant vowels is restricted to [i U 0]. The grammatical 

information carried by each of the three invariant vowels is as follows:14 

Figure 4.24 The grammatical information carried by i, u, and 0 

i 
J.l. 

+high 
-back 

u 
J.l. 

+high 

+round 

o 
J.l. 

+round 

The preceding decomposition reveals that i should be a target for Rounding Harmony because 

it includes [J.l., +high] and that u and 0 should be targets for Backness Harmony because they 

contain instances of J.l.. 

The presence of these invariant vowels in affixes which are not targets for but 

nevertheless trigger vowel harmony demands analysis. Any systematic analysis must claim 

that such vowels are not idiosyncratic, but rather are represented in such a way to render 

them licit triggers for vowel harmony but illicit targets for vowel harmony. Recall the 

treatment of these objects in C&S, which accounts for their exceptional behavior by 

representing these vowels as pre-linked to a particular autosegment on the relevant harmonic 

tier. This pre-linking prevents any instance of a harmonic auto segment to the left of it both 

from linking to the invariant vowel or to any vowel following it. However, this pre-linking 

does not prevent these vowels harmonizing with any following vowel. A somewhat different 

strategy is pursued below. 

To recapitulate, in the affixes presented i is a trigger for Backness Harmony but not a 

target for Rounding Harmony, while u and 0 are triggers for Rounding Harmony but not targets 

14 For clarity, the [+ATR] carried by i I ti, and 0 is omitted here. 
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for Backness Harmony. Logical inferences which can be drawn from these facts include that 

the 0 in -IYQr and the u in -Ed!!r represent unpredictable instances of [+round] while i in -istan 

represents an unpredictable instance of [-back]. Since these features, known to carry 

grammatical information in Turkish, trigger vowel harmony but are not targets for vowel 

harmony, it can be inferred that all unpredictable instances of such features block application 

of harmony. In other words, a licit target for Backness Harmony can contain no unpredictable 

instance of [+round], while a licit target for Rounding Harmony can contain no unpredictable 

instance of [-back]. 

If this set of inferences is correct, then there should exist roots which contain the same 

sequences of vowels. The figure below collects a few instances of such forms: 

Figure 4.25 Similar instances of disharmony in Turkish roots 

0 ... ; : bobIn spool U ... i: UmIt hope 

i ... 0: sifon toilet flush E •.. O: pEron railway platform 

u ... i: mUZIp mischievous E ... U: 
A 

mEktup letter 

i ... u: bIAAur crystal 

Given the existence of this type of disharmonic sequence in both affixes and roots, then 

consistent with the inferences above, the generalizations which describe the vowel harmony 

phenomenon require a slight revision: 

Figure 4.26 Better-informed generalizations about Vowel Harmony (c.f. Figure 4.12) and 
the licit harmonic sequences they generate 

a. [+round] spreads to a following [+high] vowel which isn't [-back] 
[-back] spreads to a following vowel which isn't [+round] 

b. i I' IE e: I I I i " " I' II II It e:. I 10 D ••• E U.IIO D.I.U 

i 11,0 o I I I i " EIIIO D. liE U. I IE 

i 
, 

IIIU U I I I' E 00 ,U U 00' E 

i " U I I I i IIIU 
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, , 

U.IIO D ••• U o,,,a a",o a ••• =I- =i-Illa 

u",a a",u D'I.E a" ,e 

U,,' E a" Ii 

Rather than embellishing the constituent space representation of these forms or 

enriching the rule notation to permit a process to distinguish between linked and unlinked 

input structure, the strategy chosen here to treat these sequences employs a constraint on rule 

application.15 This constraint is interpreted dynamically, relevant not to existing occurrences 

of feature combinations, but rather to the creation of new combinations through application of 

grammatical processes. 

Figure 4.27 Backness Hannony, Rounding Hannony, and a language-particular constraint 
on phonological rule application 

Backness Harmony ROWlding Harmony 
Operation: Spread Operation: Spread 
Operand: [-backl Operand: [+roundl 
Target: Il Target: [Il, +highl 
Direction: Right Direction: Right 
Constituent: Word Constituent: Word 
I ns tan tiation: Domain Instantiation: Domain 

Constraint on Application: Disallow the creation of [+round, -backl 

For reasons which shall soon become clear, illustration of how these processes apply to 

Turkish fonns is delayed until the following discussion. 

Taking Stock So Far 

The analysis of vowel hannony presented above, couched in tenns of [-backl, [+roundl, 

[+highl, and Il, presents a reinterpretation of most of the allegedly dishannonic sequences 

attributed to Turkish roots. Through the use of a dynamic constraint relevant to the 

application of rules, this analysis captures the same unity achieved in the C&S analysis 

15 This strategy follows the spirit of the approach taken by Archangeli and Pulleyblank 
(forthcoming) . 
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without requiring: 1). embellishment of the representation constituting input to vowel 

harmony (by differentiating between linked and unlinked instances of the harmonic features); 

or 2). enrichment of the rule notation to specifically permit a process to distinguish between a 

linked feature and an unlinked feature. Further, the analysis presented here goes beyond 

C&S with respect to its treatment of disharmonic stems. Whereas C&S was forced to conclude 

that vowel harmony is not relevant to Turkish roots, the analysis proposed here allows the 

account of suffixal disharmony, in which domain vowel harmony is unarguably productive, to 

inform the analysis of analogous disharmony in roots; roots of this type no longer need be 

treated as unsystematic. 

The Internal Order of Backness Harmony and Rounding Harmony 

The observant reader has no doubt noticed that, as formulated, Backness Harmony 

and Rounding Harmony cannot be ordered with respect to each other. To understand this, 

consider the forms below, illustrating that Backness Harmony and Rounding Harmony apply 

independently when their environments are met. 

Figure 4.28 Backness Harmony and Rounding Harmony apply independently when their 
environments are met 

Infinitive 

bulmak 
A A 
gEAmEk 

gormEk 

Imperative 

bul 

gEA 
A" gor 

Imp.+2nd 

bulun 

gEAln 
All II gorun 

Imp+2nd+polite pI. 

bulunuz 

gEAlnlz 
All II .t gorunuz 

Gloss 

find 

come 

see 

The first two forms of this figure show that the two affixes illustrated contain no invariant 

vowels and undergo both Backness Harmony and Rounding Harmony. The third form 

illustrates that both rules apply if their separate environments are met. Given this 

independence, then it must be the case that neither rule applies before the other. If that were 

the case, then by the analysis presented above, the process which applied first would block 
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application of the other, since the output of each process creates illicit targets for the other 

by creating linked instances of a blocking element: 

Figure 4.29 Backness Harmony and Rounding Harmony cannot be ordered with respect to 
each other 

Attested Fonn B.H. then R.H. 
+hi +hi +hi +hi 

R.H. then B.H. 
+hi +hi 

ir.~h~k ir~~~~~z 
-bl< 11/ -til< :.' 

gt+ ln+hZ 
/ /1 // 

-~ / 
+rd +rd +rd 

---N.A.--- ---N.A.---

By virtue of the Hypothesis of Instantiation, Instantiative Phonology requires that these two 

processes be internally unordered because they both instantiate the same constituent, the 

Turkish word (see chapter three). The analysis motivated here, based on empirical evidence, 

leads to exactly the same conclusion. Although the mechanical details of the interaction 

between vowel harmony's two processes have the potential to falsify the model, they do not 

do so. 

The Representation of Turkish Coda Consonants 

As the following forms illustrate, Turkish roots ending in unpredictable instance.:; of A 

take the front vowel variants of suffixes: 

Figure 4.30 Final Palato-Velar f. triggers Backness Harmony 

Nom.sg. Acc.sg. Gloss 

pe:troA pe:troAU petrol 

sua A suaAI question 

kaAp kaAI heart 

gOAf gOAfU golf 
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This phenomenon can be made consistent with the analysis presented here by permitting the 

palato-velar in question to fulfil the licit trigger conditions of Backness Harmony. Based on 

the analysis motivating Velar Palatalization above, A is considered to include an instance of 

[-back]. If it were also considered to be linked to a moraic unit in these forms, then it would 

fulfil the conditions of a licit trigger for Backness Harmony as the process is represented 

above. As Hayes (1989) argues, languages differ on whether or not consonants following 

vowels are moraic or not, with the details of the grammar of a particular language being the 

final arbiter. I take the forms in Figure 4.30 as evidence that Turkish coda consonants 

constitute an instance of the moraic unit in these instances. 

The analysis treating Turkish coda consonants as licit triggers of Backness Harmony 

must also treat them as licit targets of Backness Harmony. That is, if coda consonants are 

moraic and not linked to [+round], then they should by the formulation of the process undergo 

Backness Harmony. The following forms illustrate this to be the case: 

Figure 4.31 Codal Velars are targets of Backness Harmony 

A A 

I Ak first dok pour ad I A just 

A Parting Glance at Disharmonic Roots 

One class of unsystematic exceptionality remains to be accounted for in the 

disharmonic roots of Turkish: the class of roots where the low back vowel a followed a front 

vowel. Forms representative of this disharmonic class appear below: 

Figure 4.32 Disharmonic Roots which are exceptions to Backness Harmony 

a. Appearance of a following i: 

siAah weapon 
A 

kitap book 

Istakoz lobster Izmarlt sea bream 
A 

dakika minute f i at price 

InfiAak explosion 



Figure 4.32 continued. 

b. Appearance of a following e: 

SEAam 

mEzat 
v -JEza 

salute 

auction 

punishment 

hEsap 

gEnEral 
v JEvap 

bank account 

general 

answer 
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As the reader undoubtedly recalls, the following data attest that this disharmonic sequence 

is not limited to roots: 

Figure 4.33 More disharmony in suffixes 

a. The Accusative Noun-Forming Affix l-ist~1 

arabIstan:i. 

ErmEnIstan:i. 

mOOAIstan:i-
A 

tUrkIstan:i-

Arabia 

Armenia 

Mongolia 

Turkestan 

b. The Denominal Adverb-Forming Affix l...:arel 

ad I A just ad i AanE justly 

sEfIA miserable sEf i AanE miserably 

The grammatical content of the low vowel a in terms of 11, [-back], [+high], and [+round] 

appears below: 

Figure 4.34 The grammatical information content of a 

a 
11 

Because instances of a have been analyzed as carrying no grammatical information other than 

11, there is at this point no representational or other systematic account for why the above 

instances of a fail to harmonize. Hence, this class of disharmonic forms represents an 

unsystematic exception to Backness Harmony. 
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It is not the case that every instance of a within a suffix is resistant to Backness 

Harmony, as the dative singular and nominative plural suffixes attest: 

Figure 4.35 Some instances of suffixal a are licit targets for Backness Harmony 

Nom.sg. Nom.pL Dat. sg. Gloss 

rp rpA£r rp£ rope 

k~z k~zlar k~za girl 

£A £AA£r £A£ hand 

kol kollar kola arm 

In light of the contrast within suffixes between instances of invaliant a and instances 

of a which is a target for Backness Harmony, it is interesting to note the results of a 

psycholinguistic study reported in Yavash (1980). In this study, native speakers of Turkish 

were asked to determine whether certain vowel sequences were likely to exist as possible roots 

in their language. The subjects were asked to say the word to themselves before responding 

whether the form was a possible Turkish root. Tabulation of the results of this investigation 

show that these native speakers considered the disharmonic sequences e ... a and La to be 

possible word sequences equally as often as were the corresponding harmonic sequences E ... e 

and i ... e. 

The results of the Yavash (1980) study coupled with the attested instances of both 

harmonic and disharmonic a in sufiixes (a domain where the productivity of Backness 

harmony is in little dispute) suggest one of two possible analyses: 1). these affixes and roots 

are exceptions to Backness Harmony, but they are so pervasive to the language that native 

speakers include both in their knowledge of the language, or 2). these affixes and roots 

constitute evidence that there are two grammatically distinct a's in Turkish. 

As the reader has certainly anticipated, I argue that the latter analysis is the correct 

one for Turkish, and that there are in fact two grammatically distinct a's in the language. In 
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defense of this analysis it is important to consider a previously mentioned fact about the 

nature of Turkish. Recall from section 4.1 that a in Turkish is phonetically a low back vowel, 

and that it contrasts with no corresponding low front vowel (the lowest front vowels in 

Turkish are e and 0, which are phonetically mid vowels); also, no contrast exists in Turkish 

between low back a and any corresponding mid back unrounded vowel. 

Given that there exists no back mid unrounded vowel in Turkish to contrast with the 

back low vowel a, it is possible to phonologically distinguish two forms of Turkish a: the one 

which is grammatically [+low] and the other which "fills the gap" as a back mid unrounded 

vowel. These two distinct vowels have the following phonological representation: 

Figure 4.36 Turkish grammatically distinguishes two a's 

+low 

The motivation of the grammatically [+low] vowel al as distinct from its counterpart 

vowel a2 which carries no grammatical instance of [+low] provides a natural account of the 

results presented in Yavash (1980) and also renders this final class of exceptions to Backness 

Harmony systematic. Because a surface-observable constraint exists restricting combinations 

of [+low] with [-back] (recall from the discussion above and from section 4.1 that there are no 

physical instances of this combination, or of combination of [+low] with any other vowel 

feature), instances of al which grammatically carry [+low] automatically become illicit 

targets for Backness Harmony: application of the rule would violate the surface-observable 

constraint *[+low -back]. With respect to Yavash (1980), native speakers in Turkish can 

distinguish between harmonic sequences e ... e and i ... e as instances of a front vowel followed by 

a2, which carries no grammatical instance of [+Iow], and disharmonic sequences e ... a and i...a 
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as instances of a front vowel followed by a1, which does carry a grammatical instance of 

[+low]. Both the harmonic and disharmonic sequences of vowels as licit vowel sequences 

follows as a direct result of the analysis proposing two grammatically distinct vowels, both of 

which are physically realized as a. 

Summary 

This section presented the phenomenon of Turkish vowel harmony and two analyses of 

it. The first, found in Clements and Sezer (1982), accounts for the phenomenon using an 

autosegmental model which fully exploits the binary-valued features of SPE. By 

embellishing the representation input to the processes responsible for vowel harmony, this 

analysis is able to provide a unified treatment of the range of disharmonic sequences found in 

the data. Based on the presence of such disharmonic sequences, this analysis concludes that 

vowel harmony is not relevant to Turkish roots. 

The second analysis presented here provides an account of vowel harmony in tenns of 

[+round], [+high], [-back], and ~ using the model of Instantiative Phonology. Through a 

restatement of the generalizations which typify vowel harmony and the proposition of a 

dynamic constraint on rule application, this analysis too provides a unified account of Turkish 

roots and affixes, but without the stipulation that harmony be only relevant upon suffixation. 

This account differs from Clements and Sezer (1982) in that it reveals in sharp detail the 

systematicity which underscores vowel harmony within both affixes and roots alike. 

Further, unlike that presented in Clements and Sezer (1982), this account proceeds without 

embellishment of the input representation or the notation used to describe phonological 

processes. 

Having described the system responsible for generating vowel harmony, the analysis 

developed here uses that system to argue for a surprising result: the grammar of Turkish 

distinguishes between two underlying forms of the vowel a. The first form of this vowel is 



159 
grammatically [+low], while the second carries no grammatical instance of any vowel feature, 

filling a phonological gap as a back mid unrounded vowel which is nevertheless realized as a 

low vowel. This observation, which is not captured in Clements and Sezer (1982), 

simultaneously results in an increased degree of empirical adequacy with respect to an 

analysis of Turkish as well as an analysis which squares with the results of psycholinguistic 

experiment. 

While this reanalysis of Turkish vowel harmony is interesting as a response to the 

traditional accounts of it as an exception ridden phenomenon, it is important to consider the 

results of the preceding arguments in a wider context. That is, it is possible to consider 

[+A TR]-Deletion, Velar Palatalization, Regressive Rounding, Roundness Harmony, and 

Backness Harmony on a more holistic level rather than as separate processes contained 

within the phonological grammar of Turkish. When taken as a set, the analysis presented in 

this and the preceding sections shows how these processes delimit a system which converges 

on a small and specific set of featural elements present in the linguistic signal, elements 

which serve to generate Turkish's "distinctive" vowel inventory. Through describing the 

interaction of this set of elements observable within PRM, abstract constituents such as the 

word and the syllable are also identified and their borders delineated. Following the 

investigation of some of the processes of Turkish relevant to consonants presented in the 

coming sections, which also contribute strongly to the utility of Turkish phonology as a 

coherent and cohesive system, these points are returned to. 

4.7 The Devoicing of r and A. in Word-final Position 

Cursory deSCriptions in Lees (1961) Swift (1962), Foster (1969) and Underhill (1976) 

observe that r and palatal A devoice in absolute word-final position.16 In the figure below, 

16 Swift (1962) mentions only the devoicing of r. 
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the data in part (a) show illustrate that devoicing occurs for r if and only if it is in word-final 

position. If it is word-internal, even if it lies at the end of both a syllable and a morpheme, it 

retains its voiced quality. Part (b) illustrates analogous behavior for palatal '" which too 

devoices only in word-final position. From the behavior of final unpalatalized laterals 

presented in (c), this process specifically targets only palatal" and never velar 1. The form 

in part (d) illustrates that the palatal sonorant y also resists this devoicing process. 

Figure 4.37 The Devoicing of rand" in absolute WORD-final position 

Form Gloss 

a. zor hardship 
0 

zorun nE what's your 
problem 

'" b. go~ lake 

'" gOAU the lake 

c. gul hex 

"'gu 1 
d. '" gIy wear 

"'9I~ 

Form 

var 
0 

varl~k 

bIA 
0 

blAIn 

bIAdIr 
0 

kol 

"'ko 1 . 

Gloss 

existent 

existence 

know 

be known 

cause to 
know 

arm 

Form 

bIr 
0 

blrIJlcI 

9E~ 

9EA1 t; 

k~l 

"'k il o 

Gloss 

one 

first 

come! 

comes 

hair 

Foster (1969) argues that r and palatal" are non-continuants, since r is described as an 

alveolar flap both in word-initial position and in syllable-initial position when its syllable 

immediately follows a closed syllable. Recall from the discussion of two Turkish 

phonological processes presented in chapter three that non-continuants are always voiceless 

in a syllable-final position which is also morpheme-final. However, as was mentioned 

above, forms such as bi"dir and var "ik reveal that neither palatal " nor r devoice in 

morpheme-final position which is not also word-final position. Hence it seems that these 

two sounds do not behave as though they are treated as stops by the grammar of Turkish. 
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The rejection of the Foster (1969) analysis that r and A are phonological stops forces 

the discovery of another means of grouping r and palatal A together which maintains their 

distinction from the other two sonorants, y and velar 1. Reference to lateral articulation will 

not suffice: it admits velar 1 into a class with A. Alternatively, this analysis argues that A 

and r may be grouped together by place of articulation. 

Consider the following descriptions of voiceless r. The first, found in McQuown and 

Koylan (1945:212), describes word-final Turkish r as n ••• shad[ingj off towards English sh ." 

Second, Lewis (1967:7) states that word-final r is n ••• heard as a fricative, accompanied by 

heavy aspiration, not unlike the sound of Welsh rh ." Phonetically, then, r is palatal in the 

same way A is palatal. Hence, I argue, they each represent an instance of [-back]. 

Specifying both A and r as [-back] is sufficient to group the two palatal sounds 

together as input to this absolute-word-final devoicing rule. However, it remains to be shown 

how A and r are to be distinguished both from each other and from velar 1 and y {which, as 

the data above clearly show, do not participate in this devoicing process). Data presented 

above have argued that both [+high] and [-back] participate in surface-observable 

phonological processes in Turkish. As it turns out, both [+high] and [-back] are relevant to 

palatal articulation: [+high] refers to the raising of the tongue body necessary for contact 

between the tongue and the palate, while [-back] refers (loosely) to the portion of the tongue 

which comes in contact with the palate. Because Turkish palatal y behaves differently than 

Turkish palatal r or palatal A, each of these features must describe a phonologically distinct 

range of palatal sounds. This distinction is spelled out below: 

Figure 4.38 Distinguishing r, A, y, and 1 with [+high] and [-back] 

y r A 1 
[+high] [+high] 

[-back] [-back] 
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The rule responsible for the distribution in Figure 4.37 can now be formulated. That the 

process inserts an instance of [-voice] as opposed to deleting [+voice] comes from the analyses 

of Turkish Voicing Harmony and Turkish Final Stop Devoicing presented in chapter three: 

Figure 4.39 Absolute-Final Devoicing 

Operation: 
Operand: 
Target: 
Constituent: 
Instantiation: 

Insert 
[-voice] 
[-back] 
Word 
Right-Edge 

Having argued that Turkish distinguishes phonologically between two types of 

palatal articulation, and that such a distinction is revealed by the surface-observable 

phonology, the discussion now turns to a process of Nasal Place Assimilation. This process 

reveals additional distinctions in place of articulation as well as further phonological 

instantiation of the word constituent. When considered together along with the other 

consonantal voicing processes described in chapter three, these processes converge on a set of 

featural elements which permit the generation of the "distinctive" consonantal inventory of 

Turkish. 

4.8 Nasal Place Assimilation: Motivating PLACE Features 

In pursuit of the features and constituents referred to in consonantal processes, this 

section motivates the participation of [+nasaI], [-continuant], and the PLACE features within 

the surface-observable phonological grammar of Turkish. A nasal triggers a process resulting 

in the assimilation of the PLACE articulations of a following non-continuant to it whenever 

that nasal carries no unique PLACE information of its own. The data can be sketched as 

follows: word-internal sequences of the coronal nasal n followed by a non-coronal stop do not 

occur in Turkish, but instances of the labial nasal m are found in this environment. While both 

coronal n and labial m are found preceding word-internal continuants of different places of 
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articulation, velar, palato-velar, and palatal nasals are only found before velar, palato-

velar, or palatal stops, respectively. The assimilatory behavior of the coronal nasal n 

compared with the non-assimilatory behavior of the labial nasal m supports the analysis 

that Turkish coronals carry no grammatical PLACE information and that Turkish labials do. 

The representative data of part (a) show the agreement in place features of a nasal 

and a following stop, while that presented in part (b) shows that this stop can be either 

tautosyllabic or non-tau to syllabic with the preceding nasal. Part (c) illustrates the 

resistance of the labial nasal m to assimilate to the following stop, while the data in (d) 

show that neither labial nor coronal nasals assimilate to a following continuant. Finally, 

the data in (e) show that this process is bounded by the word: the final coronal nasal of the 

superlative undergoes PLACE assimilation if and only if that marker is realized as a proclitic 

on a following adjective (or, conversely, this two-morpheme sequence is perceived as a single 

word if the final nasal of the superlative shares its place features with the following, form-

initial, stop). 

Figure 4.40 Nasal Place Assimilation Data 

Form Gloss Form Gloss 
,," color tar:Jk tank (military) a. rEnk 

drJlc vigorous kamp training camp 
" h. pEmbE pink cUnkU because 

v window pEJlJErE 

c. zamk paste sEmt district 

d. v 
shutter v origin panzurE mEnSE 

" " e. EI@UyUk superlative-big, else En bUyUk 

EQ§UZEA " superlative-pretty , else En gUZEA 
" A 

El!9rrkrn superlative-ugly, else En crrkrn 

The process producing these data can be described as follows: 



Figure 4.41 Nasal Place Assimilation 

Operation: 
Operand: 
Trigger: 
Target: 
Direction: 
Constituent: 
Instantiation: 

Spread 
PLACE 
[-continuant] 
[+nasal] 
Left 
Word 
Domain 
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Application of this rule is assumed to be blocked when [+nasal] co-occurs with place features, 

that is, in the event that the labial nasal m appears in the process environment. 

As has been noted, the goal of this chapter is to determine the range of featural and 

constituent information required in the description of the surface-observable phonological 

processes in Turkish. Discussion of Nasal Place Assimilation contributes to this goal in the 

following fashion. Like the previously discussed processes of [+ATR]-Deletion, Rounding 

Harmony, Backness Harmony, and Absolute-Final Devoicing, Nasal Place Assimilation 

provides yet another means through which the surface-observable grammar of Turkish 

reveals the word constituent to a learner/hearer. In addition to instantiating this 

grammatical constituent, Nasal Place Assimilation also makes explicit reference to the 

features [-continuant], [+nasal], the PLACE feature/nodes DORSAL and LABIAL, and the 

terminal features [-back] and [+high]. 

Through examination of the consonantal processes of Absolute-Final Devoicing and 

Nasal Place Assimilation, the following features are identified as carriers of grammatical 

information in Turkish: 

Figure 4.42 The featural grammatical information carriers of Turkish identified by 
Absolute-Final Devoicing and Nasal Place Assimilation 

[-continuant] 
DORSAL 

[-voice] 
LABIAL 

[+nasal] 
[-back] 

PLACE 
[+high] 
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As was accomplished for the Turkish vowel inventory, these identified features can be 

combined in various ways to generate the following segments (subject to constraints trivially 

observable in PRM including "'[DORSAL, LABIAL], "'[-voice, +nasal], and 

[+nasal] -) [-continuant»: 

Figure 4.43 Generating Turkish consonants through its surface-observable phonology 
v v v A A 

P b f v m t d 5 Z n C J 5 P Y r ~ k 9 A ~ k 9 ~ 1 
cont 
vce 
nsl + 
PLC 0 0 0 0 0 

LAB III 0 0 0 0 

bk 
DOR 

+ + + 
00000 •• 000 ••••• 

000000000000000 

hi + + + + + + + 

Of these sounds, removal of [p ~ ~ ~] whose distribution is predictable given the 

rules discussed above leaves the set of segments which, according to description, results in the 

generation of almost the complete "distinctive" consonant inventory of Turkish. There is one 

final "distinctive" sound which has yet to be accounted for through the methodology pursued 

in this chapter, the voiceless glottal continuant [h]. However, there is good reason to believe 

that a surface-observable process in Turkish does refer to material which reveals its 

informative nature to the learner. Such a process is discussed below. 

4.9 The Elision of h 

Sezer (1985) observes a process relevant to normal conversational Turkish in which 

the glottal continuant h is lost over a range of environments. As the alternative 

pronunciations provided below indicate, hand? are preserved in word-initial and word-final 

environments, but do not appear word-internally if (a) they form the onset of a syllable 

which itself immediately precedes a voiceless sound or an open syllable, or if (b) they occur 



166 
syllable-finally immediately preceding a continuant. Those forms in (d) below show that h 

cannot be deleted from syllable-final position if a non-continuant follows.17 

Figure 4.44 h and 7 are deleted in casual speech from certain word-internal environments 

a. sa7at sa.at clock; hour b. kahvE kaVE coffee 

nd5'7E 
v 

joy nES.E mahsus mas us onpurpore 

SUphE SUp.E suspicion 

tohum to.um seed 

c. ruh "'rei soul d. sahnE "'SanE stage 

hava "'ava air sohbE t "'SObE t chit-chat 

'" '" 7IAk "'IAk first sahtE SatE counterfeit 

The distribution found in the data above suggest that the environments conditioning 

the deletion appear to be definable in purely-phonological terms. However, it is interesting 

to point out here that the learning mechanism developed in chapter two is incapable of 

acquiring this process. That mechanism considered the distribution of sounds at the edges of 

utterances to dictate the behavior of those distributions utterance-internally. With respect to 

this distribution, the fact that neither h nor? can delete when they are in absolute-initial or 

absolute-final position indicates that the mechanism could not detect their involvement in 

the distribution described by the data in Figure 4.44. 

I am currently investigating data of this type in more depth with a native speaker of 

Turkish, E.C., and leave an explicit formulation of this process pending firm results from that 

investigation. At this time, E.C.'s productions differ somewhat from the description provided 

in Sezer (1985). Specifically, while E.C.'s idiolect retains h both word-initially and word-

finally (E.C.'s idiolect has no glottal stop), it permits the omission of h from any SYllable-

initial context independent of the content and quality of the preceding syllable. Further, E.C. 

17 In Turkish, glottal stop is never found in syllable-final position. 
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finds this omission quite natural in all forms of speech except when speaking slowly. The 

natural quality of the omission of h syllable-initially differs sharply from its omission 

syllable-finally, which E.C. claims does not really sound like Turkish. In forms where 

omission is possible for E.C., this omission occurs before nasals as well as oral continuants, but 

never before oral stops. 

However the environments conditioning this process are expressed, it is interesting to 

consider these forms in light of the preceding discussion of the two grammatically distinct 

forms of the vowel a. Recall from section 4.6 that evidence from the psycholinguistic 

experiment reported in Yavash (1980) coupled with the distribution of Turkish vowels and 

the occasional resistance of a to harmonize with a preceding vowel was argued to indicate 

that Turkish has a grammatically [+low) vowel phonologically distinguishable but 

phonetically indistinct from a vowel which carries no instance of [+low). If the Hypothesis of 

Instantiation is applicable to natural language, then it predicts that there will exist a 

surface-observable process in Turkish which crucially makes reference to [+low) if that 

feature carries grammatical information in Turkish. Given the arguments presented in support 

of the grammatically distinct low vowel, it is interesting to note here that in fact there is a 

phonologically conditioned process in Turkish targeting a class of sounds articulated in the 

same general region of the vocal tract where low vowels are articulated. Research intended 

to shed more light on these issues is actively being conducted. 

4.10 The Consequences of Observing Turkish in PRM representation 

The preceding discussion presented an overview of some of the surface observable 

processes in Turkish. The formulation of these processes isolated the foltowing elements as 

carriers of grammatical information in Turkish: 



Figure 4.45 The grammatical information carriers of Turkish 

[-voice] 
PLACE 
[-backl 

[+nasal] 
LABIAL 
[+round] 

[-continuant] 
DORSAL 
[+low] 

~ 
[+high] 
[+ATR] 
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Taking into account those combinations of these elements which are never found to occur in the 

linguistic signal as well as those which only occur in certain predictable environments, 

combination of these features results in the inventory of Turkish sounds presented in Figure 

4.10 and in Figure 4.43. This inventory corresponds to the "distinctive" sounds according to the 

independent descriptions referred to in this chapter ([h] and [7], which do not appear in either 

figure, would in this analysis represent, respectively, instances of [-voice, +low] and [-

continuant, +low]). 

In addition to motivating these featural information carriers of Turkish, the surface-

observable phonology also motivates certain grammatical constituents into which these 

information carriers are organized. The following figure includes a summary of the 

constituents instantiated and the processes which instantiate them. As the figure illustrates, 

these grammatical constituents are instantiated over a wide range of distinct phonological 

contexts. 

Figure 4.46 The grammatical constituents of Turkish instantiated by its surface
observable phonology 

Word 
Absolute-Final Devoicing 
Backness Harmony 
Rounding Hannony 
Nasal Place Assimilation 
[+A TR]-Deletion 

[h)-Elision 

Morpheme 
Final Stop Devoicing 
Voicing Harmony 

Syllable 
Regressive Rounding 
Velar Palatalization 

The set of features and grammatical constituents referred to by these consonantal and 

vocalic processes serve to evaluate the claims made by Instantiative Phonology. As is shown, 



169 
this set of features and constituents are both necessary and sufficient to describe the 

"distinctive" elements in the language (this effectively amounts to the "phonemic 

inventory") as well as an array of grammatical constituents such as the syllable, the 

morpheme, and the word. These constituents permit the observer to further analyze the 

grammar of the language and begin to construct a comprehensive portrait of it. Further, 

because these constituents are instantiated over a broad range of distinct phonological 

contexts, the notion (predicted by the Hypothesis of Instantiation) that the phonological 

component is an efficient natural language parser may be borne out as well. 

Through the elements needed to describe its surface-observable phonological rules, 

then, the phonological grammar of Turkish provides the observer with a set of features and a 

set of constituents. The set of "segments" formed by collecting these features turns out to be 

exactly the set which Turkish learners and hearers must attend to in order to understand a 

message broadcast in that language. The set of constituents provided through these processes 

also coincides with the set of linguistic constituents which must be attended to by Turkish 

hearers. The Hypothesis of Instantiation predicts precisely these results. 

4.11 Instantiative Phonology, Turkish, and Theories of Underspecification 

The following set of features were used to describe the sounds of Turkish presented in 

section 4.1: 

Figure 4.47 Features describing the articulation of the sounds of Turkish 

[±voice] 
PLACE 
[±back] 
[±atr] 

[±nasal] 
LABIAL 
[±round] 

[±continuant] 
CORONAL 
[±high] 

J.l 
DORSAL 
[±low] 

Of these, only the subset presented in Figure 4.45 has been argued to carry grammatical 

information in Turkish. This subset (reproduced below for ease of reference) turns out to be 
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both necessary and sufficient to generate the entire set of "distinctive" segments distinguished 

by Turkish hearers. 

Figure 4.48 The grammatical information carriers of Turkish 

[-voice] 
PLACE 
[-back] 

[+nasal] 
LABIAL 
[+round] 

[-continuant] 
DORSAL 
[+low] 

Jl 
[+high] 
[+atr] 

Comparing the second set with the first reveals that the inventory of features which carry 

grammatical information in Turkish is "underspecified" in the sense that for any given 

feature, only one value of that feature was crucial to the description of a surface-observable 

phonological process. Further, some of the features used to characterize the set of Turkish 

sounds, such as the feature/node CORONAL, have not been required in the description of any 

surface-observable phonological process. 

The result that Turkish is "underspecified" is unexpected in the phonological model 

constructed here: Instantiative Phonology is not a theory of phonological 

underspecification.18 As is discussed below, this apparent accident is in fact completely 

intentional. Recall from chapter three that Instantiative Phonology uses the notion of 

observing phonological processes within PRM as a way of constraining the amount and 

character of information referred to by any more-abstract process of the grammar of a given 

language. It is through this notion of observability that the potential for phonological 

"underspecification" is provided, but it is by no means guaranteed. Instantiative Phonology 

does not formally restrict the range of features or feature values that a phonological process 

can refer to beyond that restriction consequent from the notion of observability. However, the 

point to be stressed here is that while Instantiative Phonology does not formally guarantee an 

18 Explicit theories of phonological underspecification appear in Trubetzkoy 1967, Kiparsky 
1982, Archangeli 1984, Goldsmith 1985, Pulleyblank 1986, Steriade 1987, Archangeli 1988, 
Archangeli and Pulleyblank forthcoming, etc. 
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underspecified representation, the surface-observable processes of Turkish phonology 

nevertheless produce such a representation. 

Ultimately then, the underspecified nature of the feature set argued to carry 

grammatical infonnation in Turkish appears to be generated not through the requirements of 

any particular theory of grammar, but rather by the grammatical system of the language 

itself. The fact that Turkish phonological processes converge on such an "underspecified" 

inventory raise a number of questions about the necessity and even the desirability of certain 

theories of phonological underspecification.1 9 Although empirically the results from 

Turkish accord with notions of underspecification, such theories, I believe, erroneously shift 

attention towards their own particular formalism and away from the power which is intrinsic 

to the very systems they purport to account for. Specifically, by formally requiring systems to 

be phonologically underspecified, such theories completely miss the observation that natural 

language grammar produce phonological underspecification in the complete absence of such a 

requirement! In sharp contrast, Instantiative Phonology provides a coherent perspective from 

which to observe powerful analytical capability of such phonological systems. 

4.12 Conclusion 

Recall the Hypothesis of Instantiation from chapter one: 

Figure 4.49 The Hypothesis of Instantiation 

Grammatical processes identify the carriers of grammatical information and 
instantiate the grammatical constituents in a given language. 

19 One theory of underspecification, which Archangeli's (1988) review of the subject names 
Inherent Underspecification (Trubetzl<oy 1967, Goldsmith 1985), raises questions about the 
need for a phonological feature system capahle of distinguishing as many objects as that 
predicted to be distinguished by the feature system of SPE. Although far from conclusive, the 
results form this analysis of Turkish are, to me, persuasive enough to warrant serious 
consideration of the concepts contained in such a theory of underspecification. 



172 
As stated, this hypothesis makes sharp and clear predictions about the breadth and depth of 

the information referred to by the set of phonological processes in a particular language. For 

the specific type of processes considered in this chapter, namely the set of purely 

phonologically conditioned processes of Turkish, this hypothesis has a great deal to say 

about the range of features identified and the range of constituents instantiated by that set. 

When considered individually, each of the phonological processes described here 

may not appear to contribute a great deal to the understanding of the overall behavior of 

grammatical systems. However, when considered <1S a set, the surface-observable processes of 

a language emerge as a very powerful tool for analyzing that language. As a set, these 

processes converge on a small set of elements present PRM of the linguistic signal which, 

although not large in number, nevertheless are both necessary and sufficient to describe the set 

of "distinctive" segments which a learner and a hearer must be aware of in order to understand 

a message in that language. The resolving power of this set of processes proceeds far beyond 

this result, however. In addition to delimiting a set of featural elements which carry 

information in the language, these processes also serve to delimit a set of grammatical 

constituents through which the semantic, syntactic, and morphological significance of the 

message is transmitted. In fact, from this result it appears to be the function of these processes 

to encode the boundaries and domains of these constituents in order that they may be 

transmitted through a communication channel medium within which they cannot be directly 

represented. In short, this analysis has demonstrated that the surface-observable phonology 

of Turkish exhibits properties expected to exist in the encoding module of a communication 

system. As such, this demonstration indicates the significance of the Communication System 

Hypothesis as a conceptual perspective from which to study the grammars of natural 

language. 
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Chapter 5. Conclusions 

A Brief Review of Instantiative Phonology 

Languages are Communication Systems 

The Mathematical Theory of Communication developed in Shannon (1948) presents a 

general model relevant to the design and implementation of communication systems. In 

chapter one it was observed that because natural language systems are used to transmit 

information between a speaker and a hearer, then in a specific sense they function as 

communication systems. This observation lead to the Communication System Hypothesis, 

which claims that the Mathematical Theory of Communication yields insight into the 

internal architecture and function of natural language grammar: 

Figure 5.1 The Communication System Hypothesis 

(i). Natural languages communicate information. 
(i i). Each natural language represents a specific solution to the general problem of 

transmitting information from a source to a user over a noisy communication 
channel. 

(iii). General properties of the internal structure of natural language constitute an 
engineering solution to the operational needs of the communication system in a 
manner consistent with the Mathematical Theory of Communication, a theory 
which governs the behavior of all communication systems. 

Developing the analogy between communication system design and natural language 

grammar reveals the notion that speakers encode linguistic messages through the application 

of grammatical processes, and that this encoding allows messages to be transmitted reliably 

through the noise of space and time. If this encoding method is known by a hearer, then 

through use of a decoder whose design is matched to the encoder she possesses the ability to 

accurately reconstruct the speaker's message upon receipt. 

Given that a child acquires her first natural language without benefit of explicit 

instruction, the encoding performed by a speaker's grammar is hypothesized to provide 
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information about its own internal structure in addition to processing the message for reliable 

transmission through the communication channel. Specifically, a natural language grammar 

is claimed to present an observer with a set of patterns identifying both the elements which 

carry linguistic information in the language as well as the grammatical constituents into 

which that information is organized. The Hypothesis of Instantiation which embodies this 

claim appears repeated for convenience below: 

Figure 5.2 The Hypothesis of Instantiation 

Grammatical processes identify the carriers of grammatical information and 
instantiate the grammatical constituents in a given natural language. 

The Hypothesis of Instantiation anticipates a linguistic signal containing cues revealing its 

structural and sequential coding. The Richness Hypothesis, stated below, amounts to the 

claim that when sets of utterances in a particular language are considered, the structural cues 

observable within those sets are sufficient to permit a hearer of the language to learn the 

grammar which produced it: 

Figure 5.3 The Richness Hypothesis 

The physical language stimulus is sufficiently rich to reveal details about the 
internal structure which produced it. 

The Communication System ~ypothesis motivates the Hypothesis of Instantiation 

which in tum motivates the Richness Hypothesis. Taken as the bases of a linguistic model, 

these hypotheses bear directly on the content of the linguistic signal as well as on the 

intrinsic ability of the language learner to recognize the structural and sequential components 

of it introduced by the parent grammar without some additional, genetically-based clues as to 

its character. Hence, the perspective offered by the Communication System Hypothesis 

provides both a highly predictive model of grammatical organization whose conceptual 
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foundations provide a unique means of exploring the empirical content of the InnRteness 

Hypothesis of Chomsky (1965). 

Learning Phonological Rules 

As a consequence of the Richness Hypothesis, linguistic signals represented within 

PRM are claimed to include cues revealing details about the grammar which produced them. 

Approaching this claim from the perspective that a learner has no prior clues about such 

details (this amounts to a form of the null-hypothesis) permits the most direct evaluation of 

the Innateness Hypothesis with respect to these system. This approach lead to the 

development of those core properties a learning mechanism must possess to take full 

advantage of these cues. 

A learning mechanism consistent with this perspective was developed using the 

following notion of observability: 

Figure 5.4 Definition: observability 

A rule or process is observable in a representation if and only if it can be inferred on 
the basis of the information available within that representation 

This particular learning mechanism treats linguistic data at the initial and final portions of 

utterances (defined as the linguistic noise between two periods of silence) as its primary input 

data. Based on the character of featural distributions in PRM obtained through consideration 

of the output of attested phonological systems, the mechanism was found to have the 

following properties: 

Figure 5.5 Properties of a learning mechanism inferred under the assumption that 
acquisition of phonological processes can proceed from observation of their output in PRM 

1. By considering the distribution of sounds at the edges of utterances, 
conditional evidence which can be represented in the form of an implicational 
generalization is sufficient to indicate the presence of a linguistic pattern. 
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2. In the event that more than one generalization is discovered and their 
contexts overlap, a solution is pursued which seeks the satisfaction of all such 
generalizations in the overlapping contexts. To this end, any apparent 
falsification of one generalization in an overlapping context is interpreted to 
indicate not exceptional behavior but rather the existence of intervening 
phonological content systematically preventing the validity of the 
generalization in that instance. 

3. Any utterance-internal falsification of such an implicational generalization 
is not interpreted to indicate exceptional behavior but rather the existence of 
intervening structure systematically preventing the validity of the 
implication in that instance. 

4. Linguistic patterns so identified are interpreted not as static but rather as the 
result of the application of linguistic processes. 

As the discussion of chapter two argues, a mechanism including these properties is 

powerful enough to recognize and acquire a fragment of the phonology of American English, 

namely the processes of Nasal Consonant Deletion, Vowel Shortening, and Vowel 

Nasalization, by observing the output of these processes in PRM. However, as developed, 

this mechanism is not powerful enough to acquire these processes if they were to apply in any 

order other than the order attested in American English. 

Generalizing beyond this fragment, the discussion argues that in order for the 

mechanism to acquire a phonological process through observation of its output in PRM, the 

following properties must hold of the process. So defined, such a process is referred to as a 

surface-observable process. 

Figure 5.6 The properties of a surface-observable proces 

a. A surface-observable rule process produce a systematic distribution at the 
initial or final edge of utterances 

b. The application of a surface-observable process can have no idiosyncratic 
exceptions 

c. The application of a surface-observable processes is obligatory within a 
particular speaking style 

d. The environment of a surface-observable processes must be stated solely in 
terms of the information available within the PRM representation. 



177 

The Model of Instantiative Phonology 

The discussion in chapter three concerned the development of the model of 

phonological organization resulting from the Communication System Hypothesis. The PRM 

representation defined in chapter two constitutes the basic representation of this model. PRM 

is in practice analogous to the familiar phonetic representation, but unlike phonetic 

representation is considered to include no possibility of feedback from any grammatical 

knowledge. These distinctions are schematically represented below: 

Figure 5.7 Phonetic representation versus the Phonetic Representation Minus (PRM) 
representation 

a. Phonetic Representation 

Human Perceptual 
Apparatus 

b. Phonetic Representation Minus 

Human Perceptual 
Apparatus 

Removing the predictable phonological material through the observation of 

phonologial processes in PRM derives the constituent space representation. In constituent 

space, those grammatical constituents instantiated by surface-observable processes find direct 

representation. Constituent space is hypothesized to be the representation where other forms 

of grammatical analysis, including morphological, syntactic, and semantic analyses, take 

place. One other representation, the root space, is derived from observation of patterns in the 
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constituent space. In root space, the internal structure of morphologically complex forms are 

represented. 

Hence, the model of Instantiative Phonology supports three distinct representations, 

where the PRM representation is taken as basic: 

Figure 5.8 The organization of Instantiative Phonology 

PRM 
Representation ~ 

Processes Delimiting 
Phonological and 

Lexical Constituents 
J. 

Constituent 
Space 

Processes Delimiting 
~ Form-Internal 

Morphological Structure 
J. 

I Root Space I 
Phonological processes are expressed within Instantiative Phonology through a 

parametric notation. In this notation, rules perform either deletion, delinking, insertion, or 

spreading operations on certain featural operands in specific contexts. Consistent with the 

Hypothesis of Instantiation, each and every phonological process is considered to instantiate 

a grammatical constituent, where this instantiation can range over the entire domain of the 

constituent or can be confined to either its initial or its final edge. Because the instantiation of 

a constituent by a phonological process serves to encode that constituent, compositional rule 

application is considered to perform the operation of bracket erasure. Consequently, any two 

processes which instantiate the same grammatical constituent cannot be internally ordered 

with respect to each other and must apply whenever their particular environment is met. 

Hence, Instantiative Phonology is a very restrictive model. 
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The Phonology of Turkish: a Case Study 

The Hypothesis of Instantiation leads to the following prediction about language 

systems: 

Figure 5.9 A consequence of the Hypothesis of Instantiation 

Abstract grammatical constituents exist in a given natural language if and only if 
there are phonological processes which instantiate (that is, refer to) them. A 
component of the PRM representation carries grammatical information in a particular 
natural language if and only if that component is required to express a surface
observable phonological process in that language. 

This prediction was tested in chapter four by investigating the range of linguistic information 

made reference to by the surface-observable phonological processes of Turkish. As the 

discussion shows, this very specific and strict claim is not falsified. Rather, the surface-

observable processes of Turkish identify a set of features in the linguistic signal with a 

generative capacity both necessary and sufficient to derive all of the "distinctive" segments 

of the language. When considered as a whole, the particular inventory of features identified 

by these processes is underspecified. This result obtains even though there is nothing explicit 

in the model of Instantiative Phonology which requires it. 

The surface-observable processes in Turkish instantiate the syllable, the morpheme, 

and the word as grammatical constituents of the language. According to independent analyses 

of the language, each one of these components is necessary for a Turkish learner to acquire in 

order to understand the language. This result is similar to that obtained for the features 

which carry grammatical information in Turkish, that is, these constituents are instantiated 

even though the model does not explicitly require them to be. This result raises questions 

about whether such components need be included in a formulation of Universal Grammar, or 

whether their existence follows from other properties of language which can be derived 

through observation of the signal. Although this is found to be the case in only one language 
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system (the only one examined by this study), the result is suggestive that the system may be 

capable of informing a learner about these constituents without requiring the learner to have 

genetically-based notions about the internal composition of the signal. 

Final Remarks 

The model of Instantiative Phonology seeks to provide a platform from which the 

phonological processes of natural language can be observed, and their role in grammatical 

systems more clearly understood. One of the principal results of this endeavor has been to 

uncover just a small portion of the generative and analytic power intrinsic within such 

systems. Specifically, consideration of the Turkish analysis reveals the set of surface-

observable processes to be a single, unified system which converges directly on those and only 

those elements in the linguistic signal which playa role in the grammar of the language--

both the phonological elements which carry information in the language as well as the 

grammatical constituents into which those elements are organized. In short, Turkish does not 

falsify the Hypothesis of Instantiation, and on the contrary appears to function in exactly the 

fashion predicted by it! 

So why does Instantiative Phonology work? The answer, I believe, lies in the 

conceptual underpinnings of the model. Recall the Communication System Hypothesis 

presented in chapter one. The Communication System Hypothesis claims that languages are 

communication systems, and as such they must exhibit certain properties. These properties 

exist independently of the human component of language, following instead from the 

Mathematical Theory of Communication which is itself based in the mathematics of 

thermodynamics. Viewing grammatical systems not as something solely unique to the human 

mind, but rather as systems which perform the practical function of insuring reliable 

transmission of information between humans, allows Instantiative Phonology to focus on the 

human brain in its role of engineer. This approach permits the observation that natural 
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la.nguage grammar constitutes a specific means to a specific end: overcoming noise in a 

communicative environment. 

The perspective presented here reveals natural language grammar to be a much more 

useful tool than simply to insure reliable transmission of information. Not only does the 

grammar appear to perform this basic function, but it does so in sl.lch a way as to bear directly 

on the acquisition problem. The Turkish case study shows that grammar manipulates those 

and only those elements which are necessarily "distinguishable" in a particular language. 

This is in no way required by communication theory or practice. However, because these 

natural systems function in exactly this fashion, they themselves restrict the range of 

information which must be attended to by a language hearer or a language learner. When 

viewed from this perspective, these processes are interesting not only because of their 

implications for a model of phonology but also because of their implications for a theory of 

Universal Grammar, that is, the theory concerned with identifying the non-experience-based 

linguistic information a child must bring with her to solve the acquisition problem in a finite 

period of time. Because the surface-observable processes manipulate these informative 

elements, they essentially guarantee that if the child can isolate and pay attention to any 

pattern in the linguistic signal, that attention shall not go unrewarded. As has been argued, 

the benefits of such attention are manifest in the form of a set of informative phonological 

units and a set of grammatical constituents as well--all of which can be acquired without the 

invocation of any non-experience-based linguistic information! 

Such results only scratch the surface. A number of very interesting questions generated 

by Communication System Hypothesis and the model of Instantiative Phonology 

unfortunately lie beyond the scope of the research reported here. For example, the learning 

mechanism developed in chapter two must be explored in more detail along a number of 

different research paths. One question raised by the Turkish process of h-Deletion in chapter 
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four concerns whether or not this mechanism is in fact powerful enough to acquire the range of 

types of phonological processes in language. If it is, then what does the isolation of such a 

mechanism reveal about the way in which humans learn? Or, conversely, if this mechanism 

fall short of being able to acquire the range of types of phonological processes in language, 

then how must it be enhanced to permit such acquisition. Does this enhancement lead to a 

system which is more powerful than it must be? That is, can such a system isolate patterns in 

the linguistic signal which it lead to erroneous analyses? Does such a more powerful 

mechanism provide a more insightful model of human learning? 

The Hypothesis of Instantiation predicts that surface-observable processes should 

parse linguistic utterances. Is this true? If it is, then how does the availability of such a 

mechanism enhance or participate in the human processing of natural language. Is such a 

phonology-based parser involved in adult processing of language, or is it invoked only in 

certain linguistic situations, if at all? If such processes do not reliably or deterministically 

parse natural language utterances, how must the human processor cope with non-determinism 

at this level? The Hypothesis of Instantiation also makes predictions about those 

phonological processes relevant to the prosody of natural language, such as those found in 

stress and intonational systems. Do these systems also instantiate constituents? What 

carriers of grammatical information are identified in such processes? 

Finally, does the model of Instantiative Phonology make claims about the nature and 

progress of linguistic change. If changes in natural language occur during the learning process, 

can the model and its learning algorithm account for the types of linguistic change, or can the 

model isolate certain language-internal domains where pressure for linguistic change is 

predicted to build? 

To conclude, it is my hope that this demonstration of the power of grammatical 

systems shall not go unnoticed, and that more research into these systems shall take place. I 
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believe that the unique perspective offered by the Communication System Hypothesis will 

aIIow us as linguists to learn some basic empirical and theoretical truths about the complex 

systems we study, as weII as permit insight regarding the details of the human brain 

responsible for the generation of these systems. 
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