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1. Introduction 

 
One of the most influential ideas in phonological theory originating with Jakobson (1949), Ja-
kobson & Lotz (1949) is that speech sounds are defined by the conjunction of a set of autono-
mous features. Rather than viewing the sounds standardly symbolized as [t], [ð], [s] as unanalyz-
able atoms, Distinctive Feature theory would define these segments, following the widely-used 
version of the system proposed in Chomsky & Halle (1968), in terms of the following feature 

specifications.
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This system for segment definition allows classes of sounds to be defined via the features which 
the members of the class have in common. The above three segments have in common the fea-
tures [–sonorant, +coronal, +anterior], the segments {t,s} have in common [–sonorant, +coronal, 
+anterior, –voice], {t,ð} have in common [–sonorant, +coronal, +anterior, –strident], and {ð,s} 
have in common [–sonorant, +coronal, +anterior, +continuant]. Phonological rules are (by hy-
pothesis) stated in terms of sets of segments defined by the features. 
 There have been numerous changes in the theory of features from models such as Jakob-
son, Fant & Halle (1952) up to geometric models such as Clements & Hume (1995), especially 
regarding how features relate to one another and to the question of feature privativity. Theories 
of features have, for the most part, tacitly accepted two basic premises. First, it is generally as-
sumed that features are defined in terms of phonetic properties – articulatory, acoustic, or both. 
Second, it is assumed that languages draw on a pre-defined set of features. This paper sets forth 
an alternative view, that features are not defined in terms of physical substance, and the features 
employed in the grammar of any language are arrived at inductively on the basis of the form of 
phonological rules in the language. This theory of features is formal, in that the inferred features 
are a consequence of the form of phonological rules which refer to features, and features are not 
substantive, that is, they are not based on pre-experiential knowledge of physical substance. 
 The precision with which features have been defined has varied over the course of gen-
erative phonology. The SPE theory of features is one of the most phonetically fine-grained theo-
ries, having at least 26 defined features. Subsequent theories, especially within feature-geometric 
trends, posit fewer features, which are more abstract. For example, the distinction between front 
and back vowels in SPE theory is governed by the feature [back] and the distinction between al-

                                                 
* This paper is a development of ‘Phonology Ex Nihilo’, a presentation and handout from said presentation given to 
the phonology group at University of Tromsø on 6 Dec 2006.  
1 This is only a partial list of applicable feature specifications. 
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veolars and labials is governed by [coronal], whereas in Unified Features Theory (Clements & 
Hume 1995) they are governed by the same feature – the phonetic definition of [coronal] in UFT 
is less specific, abstracting away from exact details of tongue-raising. The Parallel Structures 
Model (Morén 2003) abstracts away from phonetic definitions even further, so that the features 
[open] and [closed] may distinguish different tone registers, vowel height, laryngeal constriction, 
or fricative vs. stop, depending on what structure these features are predicated of. 
 Odden (2006) and Blaho (2008) advance the claim that phonological theory does not re-
quire or allow features to have any substantive definitions at all. That theory, Radical Substance 
Free Phonology (RSFP), holds that phonological primitives have no intrinsic phonetic content, 
and no aspect of phonological grammar refers to the phonology-external substance of the seg-
ments referred to by the primitives. In other words, in RSFP [coronal] is a formal label referring 
to the fact that certain segments act as a class with respect to some rules, and does not introduce 
any claim about the tongue. 
 This paper outlines how RSFP “works” in a system of phonological computations – the 
discussion of the theory of feature computations is brief because the theory adds nothing to exist-
ing theories of computation, and takes away much. The main focus of the paper is showing how 
the theory is “possible”, from the perspective of acquisition. I first address the card-grammar 
parsing problem raised by Hale & Reiss 2008, which might be seen as presenting a strong argu-
ment in favor of detailed phonetic definition of features as part of phonology. Close scrutiny of 
the argument shows that H&R correctly identify the need for UG to encode the formal concept 
“feature”; and the syntax of features must be part of UG and phonological grammar. However, 
putative phonetic properties of features are at most an aspect of UG phonetic computations, and 
only under certain assumptions about what the grammar of phonetic implementation is. The 
problem with the card-grammar argument is that it does not distinguish between the information 
available to the interface device that parses sounds into grammatical segments to be operated on 
my the grammar, and the information actually available within grammar. 
 Given that phonological grammar has no recourse to substantive properties of language 
sounds, how can a system of phonological rules be learned, if it is not known in advance whether 
[t] is voiced, or continuant, or coronal? If rules in grammars are stated in terms of sets of seg-
ments identified by feature expressions, and the feature expression for a segment is based on how 
a segment behaves with respect to a rule, which comes first, the rule or the feature assignment, 
and how is this apparent circle escaped? The answer, elaborated on below, is that the Language 
Acquisition Device is not a component of phonology, and in fact is not even clearly part of Uni-
versal Grammar, as opposed to being a broader faculty for gaining abstract symbolic knowledge. 
What comes first is that which is perceived – a sound. In order for a sound to be integrated into a 
grammar, the LAD must create rules consistent with the requirements of the grammatical module 
that the rules are in. Those rules may be right or wrong. If the system of rules does not correctly 
describe which segments become which other segments, the rules must be corrected. This is, in 
fact, general learning, and not a special form of phonological learning. What makes “phonologi-
cal learning” at all identifiable is that the object which is learned is specifically a phonological 
computation or representation. 
 

2. The Formal Theory of Features 

 
As indicated above, the formal theory of features in RSFP is minimal. I take RSFP to be, at the 
level of grammatical theory, an answer to the question “What are phonological representations?”, 
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answered in a way that is consistent with the principles of Formal Phonology  (FP: see Odden 
2012). In this paper I only address segmental features, leaving questions about suprasegmental 
representation to separate investigation. A segment is, formally, a set of features and their domi-
nance relations. To the extent that “segment” is a valid phonological concept, it is formally the 
root of a feature tree, and everything under it. This is, of course, a simplified description of vari-
ous autosegmental theories of features, including Sageyan or Clementsian (1985) feature geome-
try, Unified Features Theory, and PSM. It is simpler than Sageyan geometry in eliminating cer-
tain formal stipulations such as the claim that Coronal, Labial, Dorsal must be immediately 
dominated by Place. Any dominance relation possible in one of these representational accounts 
is, in lieu of compelling theoretical reasoning to the contrary, also possible in RSFP. 
 An important formal question arises as to the nature of features in RSFP: are features pri-
vative, or are they value-attribute pairs, that is, binary (or more)? Or, for that matter, is this a fact 
that needs to be learned by the child? At this point, I apply the logic of FP to the question, con-
cluding that features are privative. This partially exposes the logic of feature acquisition. Sup-
pose a child is learning a language with the segmental inventory of American English, and a rule 
does something to a set of vowels before the consonants [t d tʃ dʒ θ ð s ʃ n l r], but not before any 
other consonants. This class of segments has some characteristic that makes them similar in 
some way, to the exclusion of any other segment in the language, and we label that characteristic 
[coronal]. We could also use a juxtaposition of value and attribute, [+coronal]. The latter theory 
of the syntax of features also implies that the complement of this class is automatically inferred: 
[p b m f k g ŋ] are automatically [–coronal]. The defect of the theory of binary features is subtle: 
it makes a claim for which there is insufficient evidence. There is no evidence that the comple-
ment of [t d tʃ dʒ θ ð s ʃ n l r] has such a similarity. In not labelling [p b m f k g ŋ], the privative 
theory does not put “lack of evidence” on a par with “evidence”. 
 Privative theory is also formally simpler, because it posits a single concept – a feature – 
whereas binary feature theory requires three concepts – “value”, “attribute”, and “feature” (the 
conjunction of a value and an attribute). As emphasized in Odden (2012), Occam’s Razor is an 
essential tool of theorizing in FP. If there were sufficient evidence for introducing all three con-
cepts into phonological theory, it would be possible to do so, but in lieu of such evidence, the 
simplest system of causal concepts is to be adopted. 
 A reasonable counter-argument against privative features is that it seems to imply – in-
correctly – that voicelessness cannot spread. This potential prediction of privativity might follow 
if voicedness and not voicelessness were the universally-assumed specified value, where voice-

lessness is the result of not specifying a segment with [voice]. It is generally assumed
2
 that a rule 

can refer to the fact that a segment has a particular feature, but cannot refer to the lack of a speci-
fication for a feature, from which it would follow that a rule deleting [voice] before a segment 
lacking the specification [voice] would not be a possible rule – thus, voicelessness cannot spread. 
 There are at least two reasons why behavioral asymmetry is not mandated by privative 
features, especially in RSFP. First, the presumption that voicing is universally implemented via 
the feature [voice] is untenable. The premise that all languages employ the specification [voice] 
is directly counter to the premises of RSFP, where it is possible for a language to instead specify 
the laryngeal distinction as [voiceless]. Indeed, nothing in RSFP precludes having [voice] and 
[voiceless] coexist in a language. The second reason why privativity does not mandate the pho-
nological inertness of the “unmarked” member of an opposition is that alleged spreading of a 

                                                 
2 This is a statement about assumptions made in the field, not an acceptance of the validity of the assumption, which 
needs independent scrutiny and validation, and that is beyond the scope of the present paper. 
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supposedly unspecified terminal node can be accomplished by spreading of a dominating pre-
terminal node. 
 The logic of this argument is made clear in Lombardi (1991), who shows the illusivity of 
the asymmetry claim. There may exist a dominating node (such as Laryngeal), and when voice-
lessness seems to spread, it is not the terminal voicing feature that spreads, it is the dominating 
Laryngeal node that spreads, even when there is no lower-level feature corresponding to voice-
lessness. Spreading of voicelessness is formally just as possible as spreading of voicedness: 
 
(2)    C    C    C     C 
 
  Lar  Lar   Lar   Lar 
 
 voice       voice 
  gt → kt    kd → gd 
 
Moreover, if a language can have both the features “voiced” and “voiceless”, and two features 
can be dominated by a node, then a representation like (3) is possible. 
 
(3)  Voicing 
 
 Voice 
   Voiceless 
 
This structure is analogous to the widely-accepted hypotheses that Laryngeal dominates con-
stricted glottis, spread glottis and voice, and that Place dominates Labial, Coronal, Dorsal, Radi-
cal. Since the technical device of nodes dominating nodes can apparently accomplish everything 
that is accomplished by binary feature specifications, and nodes dominating nodes is a represen-
tational device with independent usage (at least in any autosegmental theory), it follows that 
without other evidence to support treating features as value-attribute pairs, features should be 

treated privatively.
3
 

 There are other non-grammatical questions about features, such as how they could be 
learned: this is the topic of section 3.3. The question of how segments can even be perceived 
without innate phonetically-defined features is taken up in 3.2, and questions of how statistical 
patterns of behavioral asymmetry are to explained (palatalization is typically triggered by front 
vowel, not by round vowels) are discussed in section 4. One salient unanswered question will 
remain unanswered for lack of relevant evidence, and that is what the theory (if any) of feature 
realization is. Under the premise that s in some language, perhaps English, is [coronal, anterior, 
continuant], a legitimate and interesting question is, by what mechanism is [coronal, anterior, 
continuant] realized as s in that language? The general answer is, it happens in and after the pho-
netic component, and we need to at least understand the nature of phonetic computations. We 
need a fully-articulated theory of phonetic implementation. There seem to be some differences in 
how s is pronounced in American English, Andalusian Spanish, Basque, Icelandic, Korean and 

                                                 
3 Lombardi’s analysis also depends heavily on an invariant and phonetically-defined set of features and dominance 
relations, plus various stipulations regarding well-formed structures, which result in the prediction that if voiceless-
ness spreads by some rule, glottalization and aspiration must also spread. Those premises are not valid in FP and 
RSFP. 
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Modern Greek, and except in the case of Basque, these differences do not seem to reflect phono-
logical patterns, instead, they are simply language-specific details about how a sound is pro-
nounced. Does the phonetic grammar directly control the superior longitudinal, inferior longitu-
dinal, transverse and genioglossus muscles? Or, more likely, does the phonetic component pro-
duce a more abstract symbolic output which is the input to some other cognitive model? Thus, 
we simply don’t know how phonological features are physically implemented. 
 For the sake of concreteness, I assume that feature matrices like [coronal, anterior, con-
tinuant] are somehow interpreted as “s, as pronounced in this language”, and I will use transcrip-
tional symbols to stand for a lower-level cognitive representation related to a grammatical fea-
ture matrix – perhaps an auditory image, or a set of articulatory instructions. A feature specifica-
tion is thus an index to some other cognitive entity which is outside of grammar. In talking about 
learned features, I continue to employ names like “coronal”, “nasal” and so on, but this is purely 
for the sake of referential clarity. Computationally, what exists are specifications Fi, Fj, Fk… so 
that s is [Fi, Fj, Fk] and z is (perhaps) [Fi, Fj, Fk, Fl], with arbitrarily-assigned referential indices. 
 

3. Logical reasons for phonetically-defined features 

 
Potential arguments for innate phonetically-defined features can be scrutinized either as showing 
logical necessity, or empirical necessity. This section addresses arguments for logical necessity, 
with the following section addressing empirical considerations. 
 

3.1. Card grammar: what are the primitives? 
 
Hale & Reiss (2008) ch. 2 put the question of feature innateness in sharp focus, pointing to the 
logical necessity of some innate basis for any learning. As they put it, “ya gotta start with some-
thing”. That is, it is fine to claim that something is learned, but not everything can be learned. In 
order for a child to learn that s has feature specification X and that θ has specification Y, the 
child must be able to store the fact that there is an s and there is a θ. H&R advance the “card 
grammar” argument for innateness of primitives which enable these sounds to be stored and 
grammatically analyzed. In this section, I review the essential concepts involved in the card 
grammar argument. I must emphasize that H&R do not explicitly argue that phonology requires 
universal phonetically-defined features in the phonology. Their argument is that there must be 
representational primitives in UG, and this is correct (the primary phonological primitive is the 
concept “feature”). 
 One concept crucial to their argument is “parsing”. They say p. 27: 
 
 Interacting intelligently with the world requires the ability to parse input (assign it a rep-

resentation). [emphasis added:DO] 
 
The concepts of “representation” and “input”, upon which parsing is founded, presuppose a do-
main, because there are no absolute inputs, there are inputs to something, and the product of 
parsing is a representation in something. In saying that a speech sound is parsed, we ultimately 
mean that it is assigned a particular featural representation – in the phonology. An intended 
speech sound enters the human body and impinges on the tympanic membrane. Within the mid-
dle ear it is mechanically transduced to a pressure wave in the cochlea, which creates complex 
patterns of neuronal excitation that have a credible claim to being the first “representation” of 
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speech (or any other sound). The signal is received and processed – parsed into other representa-
tions – starting at the cochlear nuclei, proceeding to the auditory cortex, and ultimately the pho-
nological component. In cognitively processing an instance of s, B♯,  or            , different kinds 
of representations are ultimately created, but at earlier stages of processing, the same kind of rep-
resentation is created – a raw acoustic image (low-level ear anatomy does not sort out whether a 
sound is linguistic or not). 
 A representation is a mental entity: an abstract symbol, with two essential properties. It 
can in principle be stored, and it unifies an open-ended set of external instances of something 
perceivable. An auditory representation of Middle C on a piano refers to or represents any num-
ber of instances of the sound that comes from striking that key, and abstracts away from piano-
specific differences. The sequence of neuronal firings transduced within the cochlea from a me-
chanical wave by the organ of Corti is not viable as a mental representation of a token of sound, 
in that it is not a symbol (one thing), it is an event (a series of things). It contains too much in-
formation to be directly stored, and the actual sequence of firings has no generality, that is, it 
omits no information from the body’s response to the particular sound. 
 The essence of the card-grammar argument is that the primitives supplied by UG define 
the kinds of distinctions which could ever be learned. If card-UG supplies the primitives 
[2,3,4,5,6,7,8,9,10], the 4 standard suits of playing cards, and the operator AND, then 10♠ could 
be parsed but K♠ cannot be, nor could [1♠]. If card-UG only supplies the primitive feature ♦, 
then when presented with any of 2♦, 6♦ or K♦, the inputs will (presumably) be parsed identically 
– as ♦. 5♥ will not be parsed at all, as a linguistic signal. They then ask p. 36 
 
 What if UG provides nothing at all—no features and no operators? Then, no matter 

what we expose the learner to, nothing will be parsed. It follows that the starting 
point for the grammar we ultimately construct cannot be an empty slate… 

 
This superficially appears to render impossible the present claim that phonology does not have 
universal phonetically-defined features, but on closer scrutiny it poses no challenge to RSFP. 
 To understand the limits of the argument, we must state more precisely what it means to 
parse an input into a representation. The first thing to ask is, what parses, and what learns? The 
phonology is the computational device of interest whose representations constitute the goal of 
parsing an input. What is that input? It is some prior mental representation that is not in the pho-
nology. It might be a phonetic representation, if there are phonetic representations. It might be a 
general auditory representation, one that is not specific to language. For the sake of discussion, I 
assume that phonological representations are created from a phonetic representation as input. (A 
disadvantage to that assumption is that it begs a central question. There is no independently-
supported set of phonetic features which serve the purposes of phonetic grammar, hence the 
phonetic features presumed here are not actually instantiated in the literature). That mapping 
from phonetic representations to phonological representations is not part of the phonological 
component, nor is it part of the phonetic component. Those components are entirely self-
contained – an interface is, by definition, the conduit between cognitive systems. 
 At this point, one can only speculate about the nature of the phonetics-phonology inter-
face. Staying with the card-grammar metaphor, we assume that at least the following lowest-
level auditory representations are available to the mind. 
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 A B C D E F 
 
Representation A stands for a class of physical stimuli which are the same in a perceptually-
fundamental sense. Some pairs of physically different acoustic stimuli are absolutely indistin-
guishable, for instance a 10,000 Hz tone of 100 msc duration is perceptually indistinguishable by 
humans from a 100 msc 10,001 Hz tone. At this point, a certain amount of potential information 
is permanently discarded by the first interface – those distinctions which never result in distinc-

tive symbols being produced.
4
 

 I assume that the interface device which transmits symbols from module M1 to module 
M2 has a set of rules: either the interface absolutely rejects an input (it cannot assign any repre-

sentation to the symbol),
5
 or it discards some information and merges symbols in creating a rep-

resentation in M2. In this case, I assume that the symbol A(M1) maps to the symbol A(M2). Be-

cause ‘rotation’ is not a feature of M2, the interface M1-M2 does not map D and F to distinct 

things. I assume, to be concrete, that D(M1) and F(M1) both map to D(M2). With respect to lan-

guage, this corresponds roughly to discarding spatial information in auditory processing. Al-
though we can hear that “hat” uttered close to the right ear is not the same as “hat” uttered close 
to the left ear, that difference is thrown away on the path to card-grammar. 

 Further processing discards the distinction between D(M2) and E(M2), which differ in 

size (amplitude), and if M3 does not contain a concept “amplitude”, then the M2-M3 interface 
must produce outputs suitable for M3, perhaps again creating D(M3) which now covers three dis-
tinct lowest-level symbols (D,E,F). 
 The preceding scenario implicitly assumes that interfaces are invariant across humans 
and independent of experience, so there is no learning. If an aspect of the interface is learned 
(can be culture-specific, for our purposes), we must also address the question of how the rules of 
the interface are acquired, just as we must address the question of how the rules of the phono-
logical component are learned. It is especially important to say how a system of learning can 
confirm or disconfirm a hypothesized rule. Learning constitutes the postulation of a hypothesis 
as to the nature of the rule system, then testing the hypothesis to see if it correctly accounts for 
the known data. It follows that an incorrect hypothesis must be possible, and it must be possible 
to become aware of that incorrectness – to know that the hypothesis is contradicted by the facts. 

                                                 
4 The difference between a tone of 100 msc 100 Hz vs. 100 msc 101 Hz, on the other hand, is parsed into distinct 
auditory symbols, though that distinction may ulimately be discarded as the representation is further processed. 
5 I make no claims as to what inputs are actually absolutely rejected, versus are subjected to substantial informa-
tional transformation. Humans can parse parrot noises as language even though at a fundamental level, many parrot 
“words” actually sound like car horns and taken in isolation would be absolutely rejected as not a possible language 
sound. 
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 I now assume that M3 is the last cognitive system which processes language but which is 
not exclusively about language, that is, M3-M4 is the interface to the language faculty. By a 

strong version of the hypothesis of RSFP,
6
 the learner must arrive at rules which map M3 repre-

sentations to M4, using the same kind of cognitive processing as that which allows a learner to 
arrive at an underlying form and a set of rules to transform underlying forms to surface forms (a 
skill that is separate from linguistic computation, but exists with reference to linguistic computa-
tion). An initial defeasible hypothesis is advanced based on known facts – German [bunt] “Fed-
eral” is underlying /bunt/ – but that hypothesis is eventually overridden in light of complicated 
facts regarding the German word [bunt] meaning “colorful” and the child learns that “federal” is 
/bund/. Applied to our remaining cards, it may be initially assumed that B is distinct from A, C, 

D, but A, C, D are not distinct from each other, and the system parses all three as A – within M4. 

Through the process of learning, it is eventually realised that D is in fact distinct from A, C, so 

the system reparses D as D and A, C as A. Such reparsing is possible because learning is not a 

part of the component / module that is the target of learning, and the mind still stores a represen-

tation of the thing D that is wrongly merged with A, C into A. Computation within M4 is limited 

to the primitives of M4, but learning about M4 is not an operation in M4, so it is not so limited. 
 

3.2. What part of the mind would have universal phonetic features? 
 
Again, H&R do not advance the card-grammar argument in support of any claim about phonol-
ogy. Their argument is not that the phonological component has particular features built in to it, 
instead, it is that some aspect of the language faculty has appropriate built-in primitives. When 

they say that UG must make available some set of features,
7
 this raises the obvious question 

“What exactly is UG?”. In this case, there may be a real difference, regarding what UG is: “lan-
guage learning machine” versus “language computation machine”. 
 I take phonological theory to be “the theory of phonological representations and compu-
tations”. This view of phonology as computation is consistent with H&R’s perspective – p. 10 
“We believe strongly in the existence of a productive phonological component”, p. 12: “phonol-
ogy is computation over symbolic representations by the phonological component of the 
mind/brain…”, and the premise that the proper concern of phonological theory is determing 
“which humanly attainable knowledge state underlies Baby Z’s computation over phonological 
representations”. A theory of phonology is, accordingly, the same as the theory of phonological 
grammar, which is the same as the theory of phonological computations.  
 Whether or not the concept Universal Grammar refers strictly to the theory of linguistic 
representations and computations – i.e. “The Theory of Grammar” – or to something broader, 
such as “The Theory of Human Linguistic Ability”, depends, regrettably, on how you define 
Universal Grammar. Often, UG is said to refer to the initial state of the language faculty, prior to 

                                                 
6 This is discussed below. I claim that neither phonetics nor phonology, as grammatical components, are supplied 
with either the number of features used by either system, or the rules for assigning features based on an input: these 
are all learned. A weaker version of the thesis is that the inventory of features and rules for parsing pre-linguistic 
auditory inputs into phonetic representations is predetermined, and the features and rules for parsing phonetic forms 
into phonological forms is learned. 
7 I assume, though H&R do not say this, that they are not making a leap from the correct conclusion that the lan-
guage faculty must have certain primitive properties, to the unwarranted claim that those properties are specifically 
features as standardly envisioned in phonological theory. 
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any linguistic experience.8 Roberts (2016) initially characterizes UG as “the scientific theory of 
the genetic component of the language faculty”, saying that  “It is the theory of that feature of the 
genetically given human cognitive capacity which makes language possible, and at the same time 
defines a possible human language”. But more specifically, he says that 
 
 UG is the general theory of I-languages, taken to be constituted by a subset of the 

set of possible generative grammars, and as such characterizes the genetically de-
termined aspect of the human capacity for grammatical knowledge. 

 
Chomsky (1980:48) takes a specific position that “we may consider the study of grammar and 
UG to be at the level of the theory of the computation”, thus UG is about computational mecha-
nism, and not about all language-related abilities. I agree, and assume that UG is the genetically 
fixed state of the device that performs grammatical computation. As Miller, Myler & Vaux 
(2016) put it, UG is “the initial state of this computational system that all normal humans bring 
to the task of learning their first language”.9 
 The theory of grammar (UG) specifies what a possible representation and computation 
are, with respect to the phonological component. Language acquisition is the result of general 
learning strategies (are not language-specific) set to the task of inducing a UG-consistent set of 
computations and representations, given the primary linguistic data. In lieu of evidence for some 
undiscovered phonology-like computational module as part of a grammar, we can reduce the 
question of phonetic features in UG to one of the following claims: 
 
A. The phonological component contains a set of universal, phonetically-defined properties 
B. The phonetic component contains a set of universal, phonetically-defined properties 
C. No computational component of language contains universal phonetically-defined properties 
 
Claim A, advanced in SPE, is rejected here. B is not considered by SPE, because SPE does not 
recognise a phonetic component – all phonetic implementation is carried out by phonological 
rule. I do not take a strong position on claim B, thus the phonetic component might have a set of 
universal, phonetically-defined properties. This matter can only be definitively resolved by refer-
ence to the theory of phonetic computations, that is, we need to see what primitive elements are 
required in order to perform a phonetic computation, and I have no theory of what such computa-
tions are. I don’t think that computations such as these are part of the same cognitive system as 
the one that contains phonological computations, in fact I don’t even believe that these are cogni-
tive computations. 
 
(4) y(t)=A∙e–λt∙ (cos(ωt+φ)) 

 θσ=ωσ – αsin(θσ – θF) – (1 – α) sin(θσ – 2θF) 

 ẍ = – b/m x – k/m (x – x0) 

                                                 
8 It turns out that there is language acquisition in utero starting at around 30 weeks. It remains completely unclear 
when the brain has developed to the point that the language organ is fully developed: arbitrarily, I assume that the 
language faculty is fully formed prior to 30 weeks.  
9 My choice of wording differs somewhat, because I want to make clear that UG is fixed and not subject to change; 
experience with language does not change UG, and UG is not “the grammar of your first language, before you ex-
perience that language”. UG still exists for a quadralingual child and is not defined by which 4 languages a child has 
learned. 
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Claim C could be true if phonetic features are also learned. Such features would be supplied by 
the interface from general auditory processing to the computational language module. The rule 

supplying [Fα] of the phonetic component is necessitated by phonetic computations Ci…Cj which 

refer to that feature, and the input to learning (for the interface) is representation [Rα] of the 

auditory system – the pre-linguistic form of a sound ultimately parsed as a phonological sound. 

[Rα], which is entirely outside of UG, is the primitive which learning is based on. If claim C is 

true, both phonetic and phonological features are learned (and it is presupposed that there are 
phonetic features). 
 If claim B is true, that is, if it could be somehow proven that the primitives of phonetic 
computations are not learned and they are not provided by a (partially) learned interface, then we 
may still conclude that the phonological component does not have universal phonetically-defined 
primitives, again because representations from the phonetic component, where language sounds 
have a representation, map by language-specific interface rule to phonological features. 
 Finally, suppose there is no computational phonetic component, and phonetics is an as-

pect of general auditory processing.
10

 A rule supplying [Fα] in the phonological component for a 

language is necessitated by phonological computations Ci…Cj which refer to that feature, and the 

input to learning (for the interface) is representation [Rα] of the auditory system. [Rα], which is 

entirely outside of UG, is the primitive which learning is based on, and neither phonology nor 
UG require specific phonetic features as primitives. 
 Under all of these scenarios, two things are mandated as part of UG. First, UG must spec-
ify what constitutes a possible phonological rule. Second, UG must include certain basic infor-
mation pertaining to representations – the fact that there are features, and what their formal prop-
erties are.  
 

3.3. Is feature-learning possible? 
 
It does not suffice to just assert that the features of a language are learned: I need to show how 
this is done. That, then, is the purpose of this sub-section: to show how feature-learning is possi-
ble. The argument is predicated on the claim that there is a theory of phonological computations, 
and the nature of those computations combined with general principles of conceptual learning 
will give the feature analysis. That means: we have to pick a theory of phonological computa-
tions. My argument is conducted in a minimalist FP-friendly rule-based model, but this is not a 
prerequisite to an RSFP analaysis of feature learning. In particular, see Blaho (2008) for an OT-
based instantiation of RSFP, though a computational model where contraints are learned. In 
Blaho’s model, UG contains not the constraints like Ident[Nasal], it contains a constraint form: 
Ident[__], where the value of the feature must be learned. When the existence of a feature – [cor-
onal], for example – is learned, the existence of Ident[coronal], also OCP[coronal], *[coronal] 
and so on is thereby learned. 
 

                                                 
10 I consider this highly unlikely, since it would either make general auditory processing too grammatical in charac-
ter if it is to account for actual processes of phonetic implementation, or else it would force phonology to embrace 
computational machinery that has no justification apart from its use in implementing phonetic details. 
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3.3.1. INTRODUCTION 
 

A language has a set of segments A={sx ..sz},
11

 where each segment has a distinct feature matrix 

Mi, the conjunction of features {Fi, Fj…Fn}. Assignment of features to segments is made in such 
a way that the set of feature specifications in rules is the simplest possible, and the set of features 
invoked is minimal. Take an extremely simple hypothetical language, with the segments /p t k m 
n ŋ i a u/. This language has the following phonological fact, which stand for a rule that is being 

learned.
12

 

 
(5) {p,t,k}i → {m,n,ŋ}i / __ {m,n,ŋ} 
 
That is, stops nasalize before a nasal. The rule accomplishing this has the following form: 
 
(6) [Fi] → [Fj] / ___ [Fj] 
 
There are numerous other UG-consistent statements of the rule, for example: 
 

(7) a. [Fi] → [Fj] / __ 






Fj

Fk
 

 b. [Fi] → [Fj] / __ [Fk] 
 
Rule (7a) is rejected because it is more complex, compared to (6) – it posits an extra feature Fk, 
and it employs three features in the rule rather than two. Analysis (7b) is rejected compared to 
(6) because it posits an extra feature Fk. From rule (6) we learn the featural analogy 
p:m::t:n::k::ŋ. Stops are [Fi] and nasals are [Fj]. We also know that vowels are not [Fi], since 
vowel segments do not change before a nasal. 
 Another phonological fact of the language is that 
 
(8) i → u / {p,k,m,ŋ}__ 
 
This implies a rule of the form: 
 
(9) [Fa] → [Fb] / [Fb] __ 
 
(9) allows us to identify [Fa] and [Fb] as features of [i] and [u], respectively, and it also identifies 
[Fb] as a feature common to labials and velars. We now know that [Fb,Fj] identifies the class 

                                                 
11 No significance is attributed to the possibility that some of a language’s segments are aways derived by phono-
logical rule ([ɾ] in American English, for example), or do not appear in outputs (Yawelmani /u:/). It is, however, 
significant to determine whether a certain segment actually exists as a phonological segment, such as [ɬ], purported 
to exist in English words like plow. If the phonological output of this word is [pʰɬæʊ] then, obviously, [ɬ] is a seg-
ment of English. On the other hand if the phonological output is [pʰlæʊ] and the impression of a segment [ɬ] comes 
from the mechanics of gesture-timing, then [ɬ] is not a segment of English. 
12 To simplify matters, I assume that the hypothetical language has a rich and transparent morphology, whereby un-
derlying sequences of segments can be trivially motivated and alternations are quite general. In shorthand notations 
for rules, {a,b,c}i is always paired with at least one other instance of {e,f,g}i, and means “a in the context e, b…f, 
c…g, respectively”, but {a,b,c} means “any of a, b, or c”. 
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[m,ŋ]. Again, the class {p,k,m,ŋ} could be analyzed as [Fc], but that invokes an additional un-
necessary feature.  
 Finally, in this language, i → a / __{k,ŋ}. Thus 
 
(10) [Fa] → [Fc] / __ [Fc] 
 
At this point, we have sufficiently learned, based on segment behavior in phonological rules, the 
features of this language to the point that all segments are distinctively represented. 
 
(11) p t k m n ŋ i a u 
 
 i i i   
       a  
 b  b b  b   b 
    j j j 
   c   c  c 

 
The point of this brief artificial sketch is to illustrate the reasoning of RSFP feature learning, and 
not to solve all problems in the theory of rules or representations. Put simply, when a class of 
segments function together, that is because they have a shared grammatical property. The task of 
feature acquisition is finding the simplest system of properties that accounts for those cases of 
grammatical functioning-together that can be observed in the primary linguistic data. 
 It should be obvious that RSFP depends heavily on having a well-defined and simple the-
ory of rule formalism. The broad syntax of rules (6) and (10) is the same: why then not posit one 
rule that does both things? 
 

(12) 






p t k

  i i →  






m n ŋ

  a  i / __  






m n ŋ

  k ŋ  i 

 
This might be a possible rule using SPE notations such as braces and angled brackets, since the 

SPE theory of rules has relatively little to say about what constitutes a formally-possible rule.
13

 

Embedded in a theory with minimal rule machinery, such a rule probably does not constitute a 
formally-possible rule, so would not affect the computation of the interface rules mapping seg-
ments to feature matrices by presenting another kind of analysis – (12) is not entertained as a hy-
pothesis. 
 Insofar as the choice of feature assignments is based on how segments function in the 
phonological rules of the grammar, we have to consider the possibility that the system of rules 
does not always uniquely identify each segment. This brings us into the contentious area of 
claims about what rules a grammar must contain. For example, it is not clear whether there are 

any segmental alternations in Vietnamese,
14

 but there are around 2 dozen consonants and 9 vow-

                                                 
13 Much of the problem lies in the fact that SPE does define the formal properties of a simple rule – ZXAYW → 
ZXBYW – and then never actually employs simple rules, instead proffering rule schemata which are expressions for 
evaluating potentially infinite sets of simple rules in the grammar. RSFP, in contrast, does not allow a grammar to 
have an infinite set of rules, and does not employ schemata such as braces, angled brackets, and English-language 
conditions. 
14 It should be obvious that encoding historical dialect data in synchronic phonology is not a valid basis for positing 
a phonological rule. It is perhaps less obvious that segment-minimalization in underlying forms is also not a valid 
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els which need a phonological representation. Some system of features is needed to represent the 
following words (taken from Ladefoged, A course in phonetics). 
 
(13) ti ‘bureau’ tɯ ‘fourth’ tu ‘to drink’ 
 
In the worst case, the distinctions can be represented with a system of 6 features assigned arbitra-
rarily to individual segments. We must also consider whether it is a fact of Vietnamese grammar 

that no words begin with two consonants, or end with two consonants.
15

 This might justify rules 

constructing syllables, which may refer to a distinction “vowel” versus “consonant”. Similar gap-
filling considerations could lead to discovering a rule excluding [ɓ, ɗ, γ] and other consonants 
from syllable codas. Ultimately, there seems to be no fact of Vietnamese phonology determining 
what features distinguish [ɓ, ɗ, γ]. 
 It is also possible that the final featural analysis is influenced by learning artifacts. For 
example, [p] as distinct from [ɓ] is marginal in Vietnamese, and it is possible that at an early 
stage, both sounds are mapped to the same feature representation – they are not yet understood to 
be distinct segments. Further exposure to language data may cause a correction in the analysis, 
whereby some instances of assumed /P/ are further distinguished from others: thus [p] and [ɓ] 
could have the same features save for one distinction, because they were initially treated as being 
the same segment. Longitudinal evidence regarding development of segment perception in in-
fants is sparse, so it is not possible to be more specific than to point out that if a phonological 
distinction is recovered – one assumed segment turns out to be two – remnants of earlier learning 
patterns may remain in later grammar. That is, ontology may partially recapitulate phylogeny. 
 One point remains regarding the simple example of feature learning considered above. In 
the analysis posited in (11), [t] is specified [Fi] and [n] is specified [Fj]. But some instances of [n] 
derive from /t/ by (6), which adds the specification [Fj], so [n] from /t/ would be represented as 
[Fi,Fj] and underlying /n/ would be represented as [Fj]. One solution to this problem (derivational 
history being maintained in the representation) would be to presume that all [Fj] segments are 
also [Fi] – this would solve that particular problem. There is an analogous problem in vowels, 
where [i] is [Fa], [u] is [Fb] and [a] is [Fc]. Since [a] can derive from /i/, some instances of [a] are 
expected to be [Fa,Fc]; and since /i/ also becomes [u], some instances of [u] are expected to be 
[Fa,Fb]. In other words, all vowels would be [Fa]. Now the problem is that [Fa] no longer identi-
fies [i], what identifies [i] is the fact of being [Fa] with no other feature specification. As noted in 
section 2, there has been an assumption that a rule cannot refer to the lack of a feature. 
 The underlying issue is a simple problem which transcends privativity vs. binarity, uni-
versality vs. learning, namely the widely-adopted but unproven assumption that languages have 
rules pertaining to licensed combinations of primitives – structure preservation.  If a rule would 
create a structure that is illicit in a language, the illicit structure is brought into conformity with 
the rules defining the object in question (segment or syllable). Whatever the theory of primitives 
and feature values is, it is at least credible to contend that some mechanism in the grammar of 
Arabic (most dialects) indicates that [p] and [v] are not segments of the language, even though 
free combination of independently necessary primitives might allow their existence. Or, there 

                                                                                                                                                             
basis for positing phonological rules. I take it to be an open question whether there are “allophonic” rules in Viet-
namese such as /ɔŋ/ → [ăwŋ  ͡ m], and on what basis a child would learn this putative phonological change. 
15 It might seem silly to deny that this is part of the grammar of Vietnamese, but as has been repeatedly pointed out 
in the substance-free literature, there has been an excess of assumptions made in phonology to the effect that gram-
mar contains reflexes of all forms of human sound-related behavior.  
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simply happen to be no lexical items or derivational results containing such a segment, but the 
segments are not grammatically illicit. 
 The concept of structure preservation has historically been fraught with problems, such as 
the premise that it is defined in part by the questionable notion “contrast” (so-called allophonic 
rules are not limited by a structure-preservation requirement). The RSFP view of segments and 
features denies the significance of the taxonomic phoneme, holding that if [pʰ tʰ kʰ ɾ] are seg-
ments in the phonology of English, then [pʰ tʰ kʰ ɾ] are segments that have to be assigned fea-
tures. RSFP does not make an a priori holding as to what the segments of a language are: this is 
an empirical question (and, indeed, a significant contributor to language change). 
 One analytic trend in coping with structure preservation has been to make gaps fall out 
from the featural analysis of segments – a perfectly valid approach to the problem. If a language 
has a voicing contrast in obstruents but not in sonorants, and since feature dominance relations 
are not predetermined, it may be that the feature for voicing is a structural dependent of the fea-
ture that distinguishes obstruents from sonorants. If a language has [i e a o u] and not [ø, ɯ], that 
language may simply not employ the feature [round], and lip protrusion is simply an articulatory 
fact about back vowels, having no phonological significance. I take the matter of structure pres-
ervation to be a real issue that ultimately needs to be addressed, but also, persistent feature-
coocurrence relations are not a theoretical artifact of RSFP’s making. Whether there is any real 
problem pertaining to asymmetries and gaps in feature specification remains to be seen. 
 

3.4. Acquisition of Kerewe features 
 

In this subsection, I sketch the acquisition of feature assignments to segments in Kerewe, a Bantu 
language spoken in Tanzania. The goal is not only to show that it is possible to arrive at a feature 
specification of the segments of the language based only on phonological behavior, but also to 
exemplify the dependence of this analysis on logic and a theory of rule formulation. Uncharac-
teristically, I simply assert factual conclusions about the language: Appendix I provides illustra-
tive data. 

 As a starting point, the surface segments of Kerewe are as follows.
16

 

 
(14) p  t  tʃ  k  f   s  β  v  z  b   d    dʒ   g    l    h   m  n   ɲ   ŋ  j  w 
 i    u   e    o   a 
 
Kerewe is a tone language, but tonal properties are not analyzed here. Prosodic properties will be 
dealt with elsewhere. 
 Some segments are marginal in Kerewe. Two segments are extremely marginal, to the 
point that it is unclear whether they are segments of the language. Those segments are [v] and 
[dʒ], which each exist in under a half-dozen recent loan words. The fact of being very low fre-
quency does not per se justify ignoring them. However, it is not clear whether they actually exist 
as the result of normal language acquisition. They may be analogous to [ø,y,x,ǁ] in English, 
which are sounds that educated adult speakers can make in pronouncing milieu, Übermensch, 
Bach, Xhosa, but which are not acquired in the same way that p, t, θ, ɪ are. It is simply unknown, 
at present, what the acquisitional facts are surrounding foreign phonemes in Kerewe. It is possi-
ble that [v] is more generally nativized as [β], but is pronounced by educated speaker in certain 

                                                 
16 For the sake of error-catching, the language has a glide [j] and no front rounded vowel [y]. Any instances of “y” in 
Kerewe form are supposed to be [j]. 
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words such as “driver” as [v]. It is in fact known that [dʒ] is a Jita phoneme, and most or all 
Kerewe speakers are bilingual in Jita; and there is a known strategy of nativising Jita [dʒ] as [zy] 
which however may be resisted in certain words. Because [v,dʒ] never appears in a context 
where they might undergo or be excluded from a phonological rule, the most that can be said 
about them is that they are consonants – they never participate in any class behavior. 
 [ŋ] appears robustly before [k,g,ŋ], never before any other consonant, and in very few 
words in root-initial position. Although the distribution of [ŋ], like [v], is highly limited, the evi-
dence suffices to provide a feature assignment to [ŋ]. In like fashion, [b] (distinct from [β]) is 
distributionally limited. After a nasal, [β] always becomes [b], and this rule is the main source of 
instances of [b]. But there are a few instances of [b] which are not so derived.17  
 The first rule to be considered is nasal place assimilation. Certain prefixes (1s subject or 
prefix; cl. 9-10 non prefix) have /n/ which assimilates in place to a following consonant. Only /n/ 
demonstrably appear in the relevant context, that is, no morpheme with final /m, ɲ, ŋ/ can stand 
before some other consonant. The fact pattern is as follows: 
 
(15) n → m   /  ___ p,b,f,m (v) (w) <β h> 
         ɲ       ___ tʃ,ɲ (dʒ) 
         ŋ       ___ k,g,ŋ 
         n       ___ t,d,s,z,n <l> <j> 
 
The significance of parenthesized (v,dʒ) is that these segments never actually appear in the rele-
vant context, so it is impossible to say how they behave. /w/ also never appears in the relevant 
context (root-initial position), underlyingly or in derived forms. Angled brackets indicate seg-
ments which have been removed from the set of possible rule inputs. The glide /j/ does underly-
ingly appear in this context but because of a prior deletion rule, is not present when assimilation 
takes place. Likewise, /β,l,h/ are present in underlying forms, but have become [b,d,p], respec-
tively. 
 A certain degree of freedom therefore exists regarding the rule’s statement. The input 
segment could be identified specifically as /n/, or as any nasal, or as some subset of nasals. Be-
cause the language has no sequences of obstruents, no consonants have to be excluded from the 

input as non-alternating.
18

 However, any vowel can appear before any consonant and the rule 

does not affect a vowel before a consonant, so the input segment can be identified with a single 
feature. A feature coextensive with “nasal” identifies the extensionally-smallest single-feature 

expression that includes n, and “consonant” identifies the largest such expression.
19

 It is not ob-

vious which approach has logical pride of place in analyzing segments in terms of features: for 
the sake of consistency, I adopt the extensionally-widest single-feature approach – the trigger is 
Consonant (notated C). 
 The triggering segments are, likewise, potentially all consonants – no consonant needs to 
be explicitly excluded from the rule.  The nature of the change is more informative. The struc-
tural change of the rule is conditional, in that the specific output segment depends on which sub-

                                                 
17 It is also unclear how stable [b] is. Examples seem to come from loanwords, and sometimes [b] is pronounced [β], 
for example in kubómóla ~ kuβómóla ‘to tear down’. 
18 We will later discuss the fact that consonant sequences are always of the form NC, in discussion of syllable struc-
ture. 
19 This assumes that there is independent evidence in the language for the features “nasal” and “consonant”, and the 
issue is which of the two features to employ in a given rule. 
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set of segments appears to the right. It is obvious that the place specification of the input segment 
is replaced by the place specification of the following consonant, and in an autosegmental inter-
pretation of representations, Place spreads. The underlying formal premise is that each phono-

logical rule operates on one phonological unit: one thing of the input segment is changed.
20

 

Since there are four distinct outputs, depending on the subset of segments that follows, there 
must be four distinct configurations under Place (Pl). We know that the set p,f,b,m functions as 
one class (labelled L), tʃ, ɲ as another (Pa), and k, g, ŋ as a third (Ve). Possibly, t,s,z,d,n are uni-
fied with a feature (Cor); or perhaps these segments are not specified with Pl and instead, under-
lying /n/ is unchanged in that context, just as it is unchanged before a vowel. The place assimila-
tion rule is a standard autosegmental spreading rule. 
 
(16) C C 
 
  Pl 
 
 The second rule to consider is post-nasal fortition, whose effect, descriptively, is: 
 
(17) {β,l,h}i → {b,d,p}i / {m,n}<ŋ,ɲ> ___ 

 
We have already noted that not all consonants occur post-nasally. There is no clear example of 
rare underlying /b/ appearing here, but there are no problematic cases either (the output would be 
the same as the input, in any case). The consonants [f s z p t tʃ k b d dʒ g] do appear post-nasally 
and are not changed, so these segments must be somehow excluded. No specific nasals have to 
be excluded as non-triggers: there are no input cases of ɲ, ɲ which precede /β l h/, so those seg-
ments could be excluded or included as necessary to achieve a more economical grammar (no 
savings is accomplished by excluding certain nasals). Thus “consonant” will be adopted as the 
triggering feature, and the rule need not say that only nasals can appear before a consonant. 
 From (17) we conclude that /β l h/ have a feature in common, and the pairs β vs. b, l vs. 
d, h vs. p are distinguished by a feature. We shall call this feature Approximant, and say that Ap-
proximants become non-approximants. Thus β/b are the same, save for the feature Approximant, 
likewise l/d and h/p. Deletion of a feature is a possible rule, so the change performed by the rule 
can be identified as deletion of Approximant. 
 
(18) C    C 
 
  Appr. → Ø 
 
 A third spirantization rule changes /t d l/ to [s z z] respectively before three of five mor-
phemes which underlyingly begin with [i]. 
 
(19) {t,d,l}i → {s,z,z}i / ___ [i] 
 

                                                 
20 There is a competing scenario, proposed in Reiss (2003), whereby a rule may contain expressions quantifying 
over subsets of the features, e.g. “all of the features of the set [coronal, anterior, back]”. I will not pursue that ap-
proach here, but assuming such a rule statement, one would simply gain information about the individual features 
and their set-theoretic unification qua “place”.  
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This rule applies before the suffixes for nominalization, the causative
21

 and the perfective, but 

not the stative or applied. The reason for the behavioral divergence in [i] is that the trigger mor-
phemes in Proto-Bantu had the vowels [i] but the non-trigger vowels had [ɪ]: that distinction was 
long ago merged. Finding the proper mechanism for identifying these specific morphemes as 
triggers is not essential to our present goal. 
 There is an important additional fact about the class of segments that undergo the change, 
and what they become. The consonant [tʃ] generally derives from /kj/ by a fusion rule, and test-
ing the applicability of spirantization to /tʃ/ is generally not possible. However, there is one 
loanword from Swahili, /peketʃ/ ‘start fire with sticks’, which is not treated as /kj/, and which 
does undergo spirantization: [mpekesílé] ‘I started a fire’. Thus the input context must be ex-
panded to include /tʃ/, and the outcome is the voiceless coronal spirant. 
 Rule (19) provides evidence that /t,tʃ,d,l/ have something in common, a fact also sug-
gested by nasal place assimilation but now firmly established. Any consonant (aside from mar-
ginal /v,b,dʒ/) can appear in the triggering context, and notably /p,β,k,g,m,n,ɲ/ do not change. 
There is no need to explicitly exclude /s,z/ from the input class, since vacuous application of the 
rule yields the correct output. The segments targetted by the rule are definable by the feature 
Cor,22 and the simplest analysis is that Cor is unaffected by the rule (hence s,z are also Cor, the 
output segment having inherited that specification from its input). We also observe that /t/ and /d/ 
map to distinct outputs – some distinguishing feature is preserved. That feature is some form of 
voicing. We are now faced with at least two possibilities as to which segment has the specifica-
tion. One option is that /t/ has a specification and /d,l/ do not: or the converse. The nature of the 
shared change also establishes that the relationship of t to s is the same as the relationship of d,l 
to z, that is, the rule adds (or subtracts) something in /t,tʃ,d,l/ to give [s,z]. Eventually, we will 
encounter evidence that Kerewe has a feature Voiceless, necessitated by the fact that /k/ is target-
ted by palatalization while /g/ is not. 
 As for the change performed by the rule, we could say that the input segments gain the 
specification Continuant, or that a feature Stop is deleted. The overall strategy is to equate 
[t,tʃ,d,l] versus [s,z,n], and to specify [n] in such a way that none of [t,tʃ,d,l] would change to [n] 
as a result of this change. Assume first that [t,tʃ,d,l] have a feature that is deleted, and deletion 
characterizes the difference between [t,tʃ] and [s] or [d,l] and [z]. We will call that feature Stop: 
 

(20)     C  [i]
23

 

 
      Stop → Ø     
 Cor 
 
If /n/ does not have the specification Stop, /n/ will not undergo this rule. If it does, and assuming 
that some other feature positively identifies nasals (e.g. Nasal), either this rule requires an addi-
tional condition that the target cannot have Nasal (theoretically problematic and a complication), 
or an additional rule is required to reinsert Stop on Nasal segments. Or, the grammar generates 
Stop and Non-stop nasals, which are phonologically and phonetically indistinguishable. 

                                                 
21 This suffix appears as [j] since it always undergoes glide formation, but there is sufficient evidence that it is un-
derlyingly /i/. 
22 The previous identification of Palatal as independent of Coronal gives way to treating Palatals as a combination of 
Coronal and Dorsal, as motivated by kj-fusion and the fact that tʃ acts as part of a class that includes [t,d,l,s,z]. 
23 Here, “[i]” refers to whatever properties identify the triggering vowels. 
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 Alternatively, some feature could be assigned to otherwise unspecified /t,d,l/ in this con-
text: call that feature Fricative. 
 
(21)     C  [i] 
 
 Cor 
  Fric ← Ø 
 
Again, the matter of how /n/ is treated is a prominent problem: what property unifies /t,d,l/ which 
/n/ lacks? A simple analysis is that /n/ is not specified as a Stop (so it does not satisfy the re-
quirements of the rule) but /t,tʃ,d,l/ are. 
 A somewhat less obvious analysis is that /n/ is not specified as Cor, even though 
/t,tʃ,d,l,s,z/ are. As such, /n/ would not be identified as a target by (20) or (21). Unfortunately, 
this approach creates a two-representations problem, in that /n/ before [t,d,s] would by dint of 
place assimilation (16) bear Coronal and Place, but prevocalic or pre-nasal /n/ would not. Since 
the complete-underspecification approach to /n/ does not eliminate this problem and the simple 
representational solution does – /n/ is not specified Stop – I assume that /n/ is not specified as a 
Stop. 
 We are not yet done with structure-preservation type problems with spirantization, since 
both /d/ and /l/ become [z]. From fortition we know that l is Approx and d is not. A consequence 
of the spirantization change is that Approx is deleted from l. The problem is stating when that 
happens: something along the lines of “when a Cor comes to lacks Stop, it must delete Approx”. 
As just discussed regarding the features of /n/, this might require a problematic extra rule which 
refers to lack of a property, not the presence of a property. Perhaps then the solution is to re-
envision rules that pertain to properly-structured segments, and grant feature-dependency rules a 
bit of extra expressive power. 
 Still, there is another solution to this issue, which calls on machinery that is almost cer-
tainly required, and has been universally assumed in autosegmental theories of representation. 
Dominance is a well-known means of achieving conditional feature relations. If Approx deletes 
when Stop deletes, this behavior follows automatically from making Approx be a dependent of 
(dominated by) Stop. 
 
(22)    C     C  C 
 
 Stop  Stop  
 
 Approx 
 
 [l]  [d,t,tʃ]  [s,z] 
 
Under this analysis, it would follow that /h,β/, the other two Approx segments, are also Stop – 
not an expected outcome based on substantive associations suggested feature names, but RSFP 
features have no substantive associations, and names are arbitrary. 
 There is one final detail regarding spirantization that needs to be attended to: both /t,tʃ/ 
become [s]. The phonological difference between [t] and [tʃ] is place of articulation – some fea-
ture distinguished these stops (presently identified as Palatal but eventually analyzed as the com-
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bination of Coronal and Velar). Since [t,tʃ] have different specific place features, the fricative 
versions would be expected to inherit that difference. Yet both stops become the phonetically 
same fricative, [s]. There are three obvious responses to this problem, a problem which is not 
overwhelming but where it is also not obvious which solution is correct. First, it could be that the 
unmodified outputs – which we can symbolize as [s] versus [ʃ] – are simply not pronounced dif-
ferently, even though they are featurally different. We cannot evaluate the phonetic-
interpretation option without having a substantially-supported theory of phonetic interpretation, 
which we lack. Second, we could appeal to the notion of structure-preservation, meaning that 
there are well-formedness rules on allowed feature configurations on segments (and probably the 
same mechanism generates syllable well-formedness conditions). Thus the features for Palatal 
cannot appear on a oral non-fricative – the language does not have [ʃ,ʒ], and any rule which cre-
ates such a configuration automatically repairs the ill-formed structure. Saying how the repair is 
automatically brought about is complex (why not restore Stop? or make the segment Nasal?). 
This brings us to the third option, that there simply is a rule in the language which deletes Velar 
from an oral non-stop (there is also no [x,γ] in the language). It seems to me that little is gained 
by imputing the change to a supposedly automatic process, which just obscures the fact that there 
is a language-specific solution to the problem of generating an expected [ʃ].  
 One last alternation provides phonological evidence for the feature analysis of Kerewe 
consonants, which is that the sequence ky becomes [tʃ]. While the marginal phoneme /ŋ/ does not 
appear in a context where we can test whether it undergoes an analogous change, /g/ does, and 
/g/ is not changed – there is a phonological difference between the segments which the rule can 
refer to. We have already identified that property as Voiceless, which also governs the distinction 
[t,s] versus [d,z]. From the change performed by the rule, we know that /k,tʃ/ have a shared prop-
erty (just as /t,s/ and /d,z/ do): not only is /k/ Voiceless, [tʃ] inherits that feature from the input 
/k/. We will not be concerned at the moment with the feature that distinguishes [j] from [w], 
which does not trigger palatalization. After we treat glides and vowels, we will consider how this 
rule is formalized. 
 Before leaving consonants, we should also consider the question of syllable structure. Is 
there any evidence for the syllable in Kerewe, and if so, what rules construct syllables? The ca-
nonical assumption in Bantu is that syllables are of the form C*V, that is, some string of conso-
nants and one vowel segment (which may be long or short). No fact of the grammar identifies 
“syllable” as a constituent in the language. RSFP and FP do not mandate that all languages have 
syllables, though they allow that a given language might have them. There are no constituency 
arguments in Kerewe (e.g. “X changes if it is in the same syllable as Y”). The strongest argument 
for something like the syllable in Kerewe is that the language has no words like spit. If it is theo-
retically mandated that non-existent words must be explicitly ruled out by a grammatical mecha-
nism, we could say that no syllable can end with a consonant, and we could say that syllables can 
begin with no more than three consonants, where C1 is a nasal and C3 is a glide (C2 is free, 
modulo the fact that approximants are mapped to stops after a nasal by (18)). In other words, we 
might derive evidence for a feature Nasal as the only possible segment in C1 position. In some 
languages, the case for syllable-building rules is on more solid footing, when phonological proc-
esses make use of the syllable, and sequencing rules can differentially assign a segment to the 
onset of one syllable versus the coda of another. In Kerewe, the only function of syllable-
building rules is to encode the non-existence of words like spit. 
 It is appropriate now to take stock of our feature analysis. This subset of the segments has 
in common the fact that they are all prosodically non-syllabic, i.e. C, which we take to be the 
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structural root node corresponding to “segment”. We have identified Place as the item assimi-
lated by place-assimilation, and the features L(abial), Ve(lar) and Pa(latal) as the minimally-
required dependents of place which are carried along in this assimilation, though we have also 
hinted that Palatal is really a combination of Coronal and Velar. Cor(onal) is also identified for 
alveolars. It is not automatically guaranteed that Cor is dominated by Place (if pre-coronal place 
assimilation is not from vacuous rule application), but there is no disadvantage to that assign-
ment. The consonants [v w j dʒ] have been removed from the inventory below, because so far 
nothing in the phonology tells us anything about the make-up of these consonants. Question 
mark indicates uncertainties.  
 
(23) p t tʃ k f s β z b d g l h m n ɲ ŋ 
 C C C C C C C C C C C C C C C C C 
 Pl ? Pl Pl Pl  ? Pl ? Pl ? Pl ? Pl Pl ? Pl Pl 
 L Cor Pa Ve L Cor L Cor L Cor Ve Cor L L Cor Pa Ve 
 ? St ? ? ?  St  ? St ? St St ?  ? ? 
       Ap     Ap Ap 
 ? Vl Vl Vl ? Vl ?  ?  ?  ? ? ? ? ?  
              (N N N N) 
 

One other salient function of features is that they are the means of conveying the information 
“this is a distinct segment”. Not all consonants are fully differentiated at this point, but perhaps 
surprisingly, few consonants remain undifferentiated. In particular, [p,f,b] are not yet distin-
guished from each other (they are all “Labials”), nor are [h,β] (both are “labial approximants”), 
and [v,dʒ] are not distinguished from any other consonant. As the question marks indicate, it is 
possible that [p] is Stop, or Voiceless – we have not seen positive evidence in the form of phono-
logical rule behavior that would justify an assignment. 
 But we can call on the fact that /h/ becomes [p] after a nasal by deletion of Approx, to fill 
in missing features. Noting that /h/ bears Stop, the simplest analysis is that the output [p] does as 
well. The assignment Stop to [b] also follows from the analysis that fortition deletes Approx qua 
dependent of Stop. In other words, [p] and [b] are both Stop, and [f] is not. [p] and [b] are the 
segments that must be distinguished – Voiceless is be called on to distinguish [p] from [b]. The 
phonological analogy h:p::β:b, w.r.t. post-nasal fortition, likewise clarifies that [p,h] are Voice-
less. [h,β] are the same, save for Voicelessness, as are [p,b]. 
 Now we briefly consider the analysis of vowels. Various rules identify the class of syl-
labic segments as distinct from the non-syllabic ones, for instance at the phrasal level, /a,e/ delete 
before any vowel, but not before any consonant. Another rule that identifies vowels as distinct 
from consonants is Glide Formation, whereby /i,u/ become [j,w] before another vowel, namely 
[i,u,e,o,a]. The triggering class V excludes [j,w] and all other consonants. Since /i/ becomes [j] 
and /u/ becomes [w], we conclude that the V segments /i,u/ change (lose) that property, and only 
that property, before another V, and in lieu of being specified as V, they are C. That is, [j] is /i/ 
which lacks the property V, and [w] is /u/ lacking the property V. The facts of Glide Formation 
are a little bit more complicated, in that different combinatorial possibilities arise word-internally 
versus phrasally (/e,o/ cannot be prevocalic word-internally; /a/ deletes rather than gliding, 
phrasally and word-internally). The minimalist formulation of glide formation is (24). 
 
(24) C 
 
 V → Ø   V 
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 Another rule that applies to vowels is vowel harmony. There is theoretical evidence that 
there are two such rules, one of which turns /i/ into [e] after [e,o] (skipping over any consonants), 
with the other rule turning /u/ into [o] after [o] only. The theoretical premise is that rule formal-
ism does not contain expressions encoding dependencies like “applies to X only if the trigger is 
also Y”, as could be expressed using angled brackets notation. 
 The triggering segments can be identified as Mid, and the structural change is that the 
target becomes Mid. Because the vowel /u/ does not become [o] after [e] (it only lowers after [o] 
by a separate, more specific rule), we identify the target as Front. 
 
(25)   V  V 
 
           Front 
 Mid 
 
Lowering of /u/ after [o] is formulated similarly, except that only the vowel [o] triggers this rule. 
This requires the specification of a feature that identifies [o] as distinct from [e]: [o] is Rd. 
 
(26)    V  V 
 
 Rd           
         Mid 
 
At this point, the vowel /a/ might undergo either of these harmony rules. /a/ does not alternate in 
this context, meaning either that /a/ is somehow excluded from the rule, or the rule’s application 
is vacuous (/a/ is already Mid). 
 It is not enough to just specify /a/ as Mid, since /a/ does not trigger either of these lower-
ing rules. On the other hand, /a/ is not completely unrelated to mid vowels, since word-internally, 
the vowel /a/ fuses with a following vowel so that /ai,ae/→[e:], /au,ao/→ [o:], /aa/→[a:]. That is, 
/a/ has the property Mid, but harmony (at least rule (25)) requires the presence of something else 
that /a/ lacks. The actual trigger vowels are either Front or Round – they have a specification for 
“Color”, also known as Vplace. 
 Switching for a moment to vowel fusion where a+vowel becomes a mid vowel, this proc-
ess is analyzed as the union of the constituent features of the two input vowels. In the case of /ai/, 
the first vowel contributes Mid and the second contributes Front, with the result being a front 
mid vowel, [e]. Analogously, /au/ combines Mid from /a/ and Round from /u/, resulting in a 
round mid vowel. Harmony is triggered only by a vowel specified with Vplace. 
 
(27)   V  V 
 
    VPl           Front 
 Mid 
 
At this point, the vowels have been distinguished from each other and from glides. 
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(28) i u e o a j w 
 C C C C C C C 
 V V V V V  
 VP VP VP VP  VP VP 
 Fr Rd Fr Rd  Fr Rd 
   M M M 

 
These feature assignments must be integrated with the feature assignments for consonants, and 
simplifications are possible. VP has a relation to Front and Rd that is essentially the same as that 
between Place and the specific features Cor, Lab, Vel, Pal. This suggests an obvious simplifica-
tion, that Fr and Rd are simply Cor and Lab dominated by VPlace – Rd and Fr as autonomous 
features can be dispensed with. This results in the following reduction. 
 
(29) p t tʃ k f s β z b d g l h m n ɲ ŋ j w i u e o a 
 C C C C C C C C C C C C C C C C C C C C C C C C 
                    V V V V V 
 Pl ? Pl Pl Pl  ? Pl ? Pl ? Pl ? Pl Pl ? Pl Pl VP VP VP VP VP VP 
 L Cor Pa V L Cor L Cor L Cor V Cor L L Cor Pa V Cor L Cor L Cor L 
 St St ? ?   St  St St ? St St ?  ? ? 
       Ap     Ap Ap         Ap Ap Ap 
 Vl Vl Vl Vl ? Vl     ?  Vl ? ? ? ?  
              N N N N 
 

There is actually no evidence showing that [o,u,w] are in the same class as [p,f,β,b,m,h] or that 
[i,e,j] are in the same class as [t] et al., so that particular assignment is grammatically arbitrary. 
As for the treatment of the feature Mid, there are ample otherwise unused consonant features that 
could be assigned to /e o a/, for example Ap could distinguish [i u] from [e,o,a], and Mid need 

not be an autonomous feature.
24

 

 Before leaving the analysis of Kerewe phonological features, I return to the matter of the 
fusion kj→tʃ. The obvious strategy of analysis would be that this is a fusion of features. The in-
put is a sequence Velar+Coronal over two segments: the output, under a simple fusion theory, 
would be one segment with those two features. Palatal can be entirely dispensed with, if Palatal 
consonants are simultaneously Velar and Coronal. As discussed in connection with the applica-
tion of spirantization to [tʃ], that stop does indeed act as part of a class that includes [t,d,l,s,z]. 
 To summarize this sub-section, it has been shown that features can be learned, based on 
patterns of grammatical behavior, as long as we have a theory of rules, and the driving principle 
of learning is “devise the simplest system of rules for the language”. It is not necessary to invoke 
access to facts of phonetic substance to determine what the feature assignments of a language’s 
segments are, and the interface device assigning phonological features to language sounds can be 
entirely learned and substance free. 
 It is highly likely that feature assignment is arbitrary in some instances – for instance, the 
grammar of Kerewe gives no basis for distinguishing [v] from other segments. A good candidate 
for grammatically-random analysis would be Vietnamese, which seems to have no demonstrable 
segment-changing rules. It may make some phonologists uncomfortable, to not be able to defini-
tively specify a unique analysis of a language based just on the pronunciation of utterances and 
having the correct theory of grammar, though FP does not take it to be the duty of grammatical 

                                                 
24 Recall that it was previously decided that Approx. is dominated by Stop in consonants, so that when Stop is de-
leted, Approx underneath it is also deleted. Vowels, at least mid vowels, might also have a specification Stop: or, it 
may be that Approx is dominated by Stop in a segment only in case the segment has a Stop specification. 
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theory to specify exactly one analysis of a set of data. RSFP only maintains that the responsibil-
ity of the LAD is to construct the most economical possible grammar – this is not to be achieved 
by stipulating lists of ‘default assumptions’. To the extent that extragrammatical facts of speech, 
such as acoustic similarity, could be known to a child, such facts might influence the outcome of 
the formally random coin toss performed by the feature-assigning interface. 
 

4. Are universal phonetic features necessary for any purpose 

 
The fact that universal phonetically defined features are not logically mandated still leaves open 
the possibility that they are empirically necessary. I briefly address this possibility, leaving the 
reader to scrutinize existing literature on this topic. See especially Blevins (2004), Hale (2007), 
Hale & Reiss (2000, 2008), Miller, Myler & Vaux (2016), as well as numerous earlier words 
disputing the attribution of functionally-explicable language facts to aspects of UG (e.g. Odden 
(1986, 1988), Ohala (1971, 1972, 1975, 1981, 2005)). As discussed in Miller, Myler & Vaux 
(2016), the strongest arguments for substance in UG come from “(i) apparent constraints on the 
space of variation induced from the typological record, and (ii) apparently universal disprefer-
ences against certain phonological configurations”. I concur with their conclusion that “the phe-
nomena submit at least as well to historical, phonetic, or other non-UG explanations”. 
 Frequently, the argument for substance in UG takes the form of an argument against the 
null hypothesis regarding possible phonological systems – any formally-allowed mapping is as 
likely as any other. If the null hypothesis were correct, post-nasal devoicing would be as likely, 
and occur as frequently, as post-nasal voicing; intervocalic despirantization would be as common 
as intervocalic spirantization; labial palatalization before nasal vowels would be as likely as velar 
palatalization before a front vowel. This is manifestly not the case, and it has long been recog-
nized that there are significant asymmetries in the distribution of sound changes. This point has 
been addressed, I believe satisfactorily, in the literature on substance-free theories of phonology.  
 The key observation is that while phonological calculations are substance-free, the sys-
tem of calculations are responsible to the ambient data that form the child’s empirical foundation 
for constructing a grammar, and the data as perceived by the child are partially shaped by non-
linguistic, especially physical, factors. Put plainly, phonology is substance-free, but speech is 
substance-dependent. Because of certain facts regarding the tongue body as an articulator, the 
more posterior tongue body movement typifying a velar consonant cannot overlap the more ante-
rior tongue body movement typifying a following front vowel, whereas such overlap is possible 
in the case of an alveolar or labial consonant before a front vowel (the pieces of anatomy are dif-
ferent). A natural resolution of this problem of articulator timing is that the anterior-wards 
tongue gesture of the vowel effectively overwrites the intended posterior-wards consonant ges-
ture. Morover, the acoustic consequences of this overwriting are more drastic in the case of a 
fronted velar versus a fronted alveolar or labial. If it is more likely that a velar will be articulated 
in a fronter fashion, and it is more likely that such a change in articulation will be perceived, then 
it is more likely that a child learning a language presenting such patterns of articulatory timing 
will conclude that there is a categorial rule in the phonology which does this. 
 The relevance of statistical imbalances in attestation of phenomena is highly suspect as 
evidence for the theory of grammar, especially when independent non-gramatical theories ex-
plain the rarity of e.g. post-nasal devoicing. Somewhat more potent would be absolute attestation 
gaps, in case some fact is predicted (given knowledge of those independent factors) to be rea-
sonably commonly attested. Suppose – contrary to fact – that no human language attested the 
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retroflex nasal [ɳ], even though [ʈ ɖ ʂ ʐ ɽ ɻ n] etc. are attested. Some significance could be im-
puted to the supposed lack of [ɳ], and if no reasonable extragrammatical mechanism can be dis-
cerned for the gap (it is very painful to articulate, or it is impossible to perceive), we might con-
sign the problem to grammatical stipulation, such as an absolute ban on the combination [+cor,–
ant,–distrib,+nas]. This presupposes that we have a reasonable basis for asserting a probability of 
encountering such a segment. The perceptual challenges of the voiceless fricative [φ] are some-
what known, so it should not be surprising that only Ewe and Venda are known to contrast [f φ]. 
The perceptual challenge of [θ] is also not a mystery, and again, it should not be a shock to dis-
cover that no human language makes the three-way contrast [f φ θ]. UG need not take responsi-
bility for this attestation gap. 
 Two prominent claims that aspects of UG require reference to phonetic substance are the 
no-velar-epenthesis claim (De Lacy & Kingston 2013: D&K) and the no-final-voicing claim 
(Kiparsky 2006), which is to say that there are mechanisms of UG that guarantee that no lan-
guage can have insertion of a velar or positional neutralization to velar, and no language can 
have positional neutralization of obstruents to voiced. In both cases, the structure of the argument 
is essentially to assert a non-existence claim, and address reported counterexamples. The infer-
ence relies on a data-fitting premise, that if a pattern is otherwise logically possible but has not 
been observed, then some (possibly unknown) principle excludes that pattern. As H&R take 
pains to point out and the proponents of these substance-defined gap arguments acknowledge, 
not all absolute data gaps are encoded in UG: the additional argument is that there is no extra-
grammatical explanation for the gap (for example, velar epenthesis would not be absolutely im-
perceivable). Insofar as Kiparsky does not say specifically what aspect of UG would explain the 
no-final-voicing claim, it’s not really possible to go further with the logic of his claim. D&K do, 
however, point to a specific claim in the form of a specific theory of markedness constraints, that 

“there is no constraint that favors dorsals over all other places of articulation”.
25

  

 The validity of the argument hinges crucially on the “no other explanation” assumption, 
which is obviously where a proponent of substance-free grammatical theory would want to look. 
D&K cite an instance of coronal-epenthesis – the well-known case of Axininca Campa – to sup-
port the contention that epenthesis of a coronal stop is a possible situation in a grammar. The 
question is raised as to why [k] is not chosen in Axininca Campa as the epenthetic segment, and 
interestingly, they even suggest a plausible acoustic basis for this, that “coronals coarticulate less 
with surrounding vowels than labials and dorsals”. The problem, which D&K see as being of 
great theoretical significance, is that [k] seems to not ever be chosen in any language. 
 To understand why [k] is apparently not epenthetic in any language, we return briefly to 
that other attestation gap, the one where no language makes the three-way contrast [f φ θ]. These 
segments have in common a certain degree of perceptual difficulty not faced by [s, ʃ, x]. Coocur-
rence of [f φ] is an event with a low expected and observed frequency of attestation; [θ] is also 
an event with a low expected and observed frequency of attestation (not as low as [f φ]). The 
probability of observing [f φ θ] is therefore lower than the probability of [f φ]. If we had a reli-
able factual database of segment occurrence in languages, we could actually compute a numeric 
probability of encounting [f φ θ], and could compare that to the number of actual occurrences 
(zero, at present). But we don’t have that basis: we only have professional intuition, that this is 

                                                 
25 Since OT constraints are typically thought of as penalizing rather than rewarding, this statement probably has to 
be interpreted as saying that no constraint specifically penalizes coronals without penalizing dorsals). That is, an 
undominated constraint *[cor] σ] would undermine the prediction – the premise is, I presume, that there simply is no 
such constraint. 
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most likely an accidental attestation gap, analogous to the now-filled gap of languages which 
have both clicks and pharyngeals (Dahalo). 
 The existence of epenthetic [t] in Axininca Campa compared to the apparent non-
existence of epenthetic [k] in any language thus has to be judged on the basis of some awareness 
of compound probabilities, in dealing with low-probability events. In fact, epenthetic [t] is also 
extremely rare, reputedly also occurring in Maori and Odawa – all languages where [ʔ] is lack-
ing. Epenthesis of a fixed supraglottally-articulated stop is a rare event, and the acoustic consid-
erations cited by D&K motivate the conclusion that epenthetic [k] should be an even rarer event. 
Just as we should not attribute grammatical significance to the unlikely event of the coocurrence 
of [f φ θ] in a language, we should not attribute grammatical significance to failure to locate an 
iron-clad example of epenthetic [k], just as we do not assign grammatical significance to our 
prior failure to identify now reasonably well-attested cases of post-nasal devoicing. See Appen-
dix II for brief discussion of g-epenthesis in Mongolian as discussed in Samuels & Vaux (2018), 
and prepausal k-epenthesis in Kárášjohka Saami. 
 

5. Is Phonetic Grammar Substance Free? 

 
Having argued that phonological computations and features do not require access to physical 
substance, I turn to the question of whether the theory of grammatical representations and com-
putations – i.e. UG – requires any access to concepts of physical substance. Since phonology is 
substance-free, this means, I am asking whether linguistic phonetics is also substance-free. As 
implied above, I don’t know, because it is not clear what linguistic phonetics does. 
 It might seem obvious that phonetics cannot be substance-free, and that phonetics is the 
epitome of substance-based computation. But that is so only under a certain understanding of 
what “phonetics” is about – this is true only if linguistic phonetics is everything about the physi-
cal interpretation of phonological forms. My claim, though I cannot put satisfactory meat here on 
the bare-bones claim, is that “phonetics” refers to two distinct things. One is a language-specific 
faculty – language-specific both in the sense “specific to language”, and in the sense “it depends 
on which language”. The second thing that “phonetics” broadly construed is about, is broad low 
level articulatory control and auditory perception – actual muscles are addressed. The former, if 
it exists, is within the scope of UG, and the latter (which unquestionably exists), the subject area 
of speech and hearing science, is outside the scope of UG. The question for linguistic phonetics 
is, why might we believe that there is such a thing? 
 It is well-known that nominally-identical surface segments (as indicated by principled 
choice of IPA symbols for transcription) are often actually different in phonetic detail – “t” and 
“d” in French, English and Finnish are not phonetically identical. The pronunciation of the pha-
ryngeal [ʕ] as found in numerous dialects of Arabic, Somali and Chechen varies considerably (in 
Moroccan Arabic it is much more open and less constricted compared to Levantine dialects; in 
(Jordanian) Chechen, it is more constricted compared to Levantine Arabic; in Somali (dialec-
tally) it includes trilling). In some cases (“t” versus “d” in the aforementioned languages), resort 
might be had to additional IPA diacritics to notate place and laryngeal distinctions in these seg-
ments. Ultimately, the attempt to reduce language differences to the combinatorial possibilities 
of the IPA will fail to capture phonetic differences between languages. 
 Cho & Ladefoged (1999) document interesting variation between languages in the degree 
of voice onset time which implements an aspiration contrast, where there is a phonemic contrast 
(time in msc). 
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(30)  [k] [kʰ] 
 Hupa 44 84 
 Khonama Angami 20 91 
 Tlingit 28 128 
 Navaho 45 154 
 
Here we have a set of distinctions characterizing language differences, which is fodder for a the-
ory of phonetic computation. This is not a particularly revealing kind of phonetic detail, since it 
simply involves context-free replacement from one type of symbol to another. Still, it is an ex-
ample of a language-specific phonetic fact. 
 The phonological claim that a representational primitive exists is most strongly justified 
by the extent to which the hypothesis makes it possible to coherently frame phonological rules, 
especially the fact that a certain class of sounds function together in a rule, to the exclusion of 
other sounds. The above measurements lack that characteristic of partitioning sounds into 
classes, and we only have a measurement for this sound versus that sound. We could dispence 
with the concept of a phonetic grammar entirely if we only had to deal with differences such as 
(30) – assuming that there is no language-specific modification of VOT values dependent on 
phonological context (the source does not indicate any such variations). The phonological enti-
ties [k] and [kʰ] in these languages would simply be associated by different acoustic images as 
models for production.  
 For an example of phonetic class behavior and context-sensitive phonetic implementa-
tion, and thus a hook into the concept of “phonetic feature” as it functions in phonetic rules, I 
consider rules of segment duration, this being a well-studied topic across languages. I first con-
sider durations of the vowel nuclei and following consonant in the penult of CVCV words in 
North Saami.26 There is a surface distinction between long and short vowels and consonants, 
which gives rise to four distinctions: CVCV, CVVCV, CVCiCiV and CVVCiCiV. Baal et al. 
(2012) argue that there are two syllable types, monomoraic and bimoraic. In the penult, long 
vowels have two moras, short vowels have one mora, long consonants have one mora and short 
consonants are outside the penultimate syllable so have no mora. In CVVCiCiV words, μ2 of the 
penult is shared between the nucleus and the following C. The phonological contrasts are these: 
 
(31) CVCV CVVCV CVCiCiV CVVCiCiV 
     σ        σ        σ           σ       σ           σ       σ                σ 
 
     μ        μ       μ  μ       μ       μ  μ       μ       μ μ             μ 
 
 c  v    c  v c    v       c   v c    v       c   v c    v            c   v 
 
Mean durations of the bolded C’s and V’s are given in (32). 

 

                                                 
26

 These data are the product of collaboration at the University of Tromsø with Curt Rice and Berit Anne Bals Baal, 

the latter being a native speaker linguist who provided all of the data. See Baal et al. (2012) for phonological analy-
sis of North Saami prosody. 
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(32)  V duration C duration  

 VVCiCiV 215 276 

 VCiCiV 105 338 

 VVCV 305 107 

 VCV 130 120 
 

          V                           C 

 
 

 

 

 

 

 

 

 

 
As the graph and numbers indicate, the main factor determining duration is the distinction be-
tween monomoraic versus bimoraic structures. A theory of phonetic rules should provide a 
mechanism for expressing the fact that a monomoraic syllable is generally shorter than a bimo-
raic syllable. Within the set of bimoraic structures, there are long segments with non-shared mo-
ras (CVCiCiV and CVVCV), which gives you an idea what it means to be a long vowel or a long 
consonant with no further complication – a long consonant or vowel is about three times as long 
as a short one. We therefore impute a certain phonetic consequence to being linked to μ2 of a syl-
lable, 27 that the segment gets significantly lengthened. In the case where the consonant and 
vowel share a mora, lengthening is not cumulative, instead there is a trade-off. Neither the con-
sonant nor the vowel are lengthened as much they are when the mora is non-shared, but both 
segments are lengthened.28 
 The job of the phonetic grammar of North Saami is to interpret representations like (31) 
in such a fashion that these durational facts can be computed. Here is one model for a part of that 
computation. 
 
(33) Dur(C) = 100 msc 
 Dur(V) = 100 msc 
 Dur(X+μ2) = 3*Dur(X) 
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 There is a mild defect in moraic theory that it has no coherent way to identify a long segment as opposed to a 

short segment, since a long consonant has one mora and a short one has none, but a long vowel has two moras and a 
short one has none. This defect can almost be repaired by relying on the notion “μ2”, the second mora of a syllable, 
such that a long segment is anything associated to μ2. Initial geminates pose a problem for this, but initial geminates 
seem to pose a problem for every theory. 
28

 There are slight but statistically insignificant differences in the mean durations of consonants and vowels across 

these categories: the duration of short V is not significantly influenced by the length of the following C and the dura-
tion of short C is not significantly influenced by the length of the preceding V. The duration of VV is significantly 
influenced by length of a following C, and the duration of CC is significantly influenced by the length of the preced-
ing V. 
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That is, segments have a base duration of about 100 msc, and being linked to μ2 in a syllable tri-
ples that duration. This is one computational model of the durational correlate of “being long”. 
Alternatively we can posit an addition. 
 
(34) Dur(X+μ2) = Dur(X)+200 msc 
 
In the case of a shared mora, the duration is not symmetrically distributed: the consonant is 
lengthened more than the vowel is. Let us say that the following equations state the facts, and 
constitute the actual grammatical computation: 
 
(35) Dur(V+μ2-shared) = Dur(X+μ2)*.6 
 Dur(C+μ2-shared) = Dur(X+μ2)*.85 
 
Alternatively, an additive rule could be posited. 
 
(36) Dur(V+μ2-shared) = Dur(V)+120 
 Dur(C+μ2-shared) = Dur(C)+170 
 
These rules are substantive in the sense that they refer to actual numbers of milliseconds (possi-
bly indirectly, by specifying a numeric ratio of a base duration in milliseconds). 
 An alternative theory, the one which I lean towards, is that the grammatical phonetic 
rules do not refer to specific durations or numeric ratios, they instead refer to abstract relations 
and properties. These are different relations and properties from what are called for in phono-
logical grammar. A vowel or a consonant will have some duration, but it is not necessarily part 
of the phonetic grammar to say what that duration is. It is highly likely that the grammar does not 
compute the fact that the intervocalic tap in North Saami [r] has a duration around 50 msc and an 
intervocalic nasal has a duration around 125 msc, instead, this follows from the physical re-
quirements of producing [VnV] versus [VrV]. What the phonetic grammar will say is that a 
vowel or a consonant linked to μ2 in North Saami has increased duration – but not necessarily 
exactly how much that increase it. I suggest that the phonetic grammar states, more abstractly, 
that duration increases “a lot” in one context; and in another, the increase will be “a bit”. The 
grammar states abstractly that this increase is distributed “more to the consonant”. The actual 
consequences for measurable durational patterns may then be the result of a non-linguistic motor 
control program which takes “substance-suggestive” outputs from the phonetics, and moves ar-
ticulators in a fashion that results in the observed duration patterns. 
 This is, in a fashion, kicking the can down the road. It posits intermediate categories – but 
it still deals in categories, so it is credibly a grammatical operation – and we hope that this theory 
of phonetic specification is rich enough that a universal and non-linguistic articulatory device 
will accurately compute those facts, while still being impoverished enough that we are not just 
replacing continuous measurements with a continuum of “categories”. Such a theory of linguistic 
phonetics, once articulated, could easily be falsified, by pointing to two languages where the 
grammatical outputs, including reasonable linguistic phonetic computations, are identical and yet 
the physical realizations are systematically different. So we would look for sets of languages 
with the same phonological inputs and the same abstract durational relations, but different physi-
cal realization. Even then, such a finding would not automatically refute the underlying theory, it 
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may just refute a specific claimed inventory of phonetic relational primitives. For a phonological 
analog, recall that the theory of distinctive features was not earlier refuted by finding weaknesses 
in the original Jakobsonian proposal(s) and developments up to SPE theory, such as the discov-
ery of non-strident affricates, rounding contrasting with pharyngealization, the fact that labials 
and round vowels pattern together and so on. Sometimes counterexamples indicate a need to 
tweak the system, and sometimes they are so profound that they refute a theory. It is not always 
easy to distinguish those two situations. 
 I have suggested comparative studies of duration as a starting point for comparisons that 
may reveal something about the nature of phonetic grammar, since there are a many relevant 
studies, see for example Elert (1964), Lehiste (1966), Lehtonen (1979), Port et al. (1987), Dunn 
(1993), Hubbard (1995), McRobbie-Utasi (1999), Lehiste et al. (2003), McCrary (2004). We can 
profitably look at VCV durational patterns in Finnish compared to these in North Saami, since 
many of the other facts of the language are comparable. The following is a duration paradigm for 
Finnish comparable to (32) (extracted from Lehtonen 1979: patterns largely consistent with 
Dunn 1993). 
 
(37)  V-duration C-duration 
 CVVCiCiVV 148 181 
 CVVCV 169 90 
 CVCiCiV 76 235 
 CVCV 79 73 
 
Short C and V durations are comparable to each other in Finnish, and seem to be a bit shorter 
compared to North Saami – if this is a general fact,29 this seems to be something that would be 
accounted for in a grammatical characterization of the respective languages. This may simply 
involve a global speech-rate property which controls physical realization. 
 A second and more interesting difference is how non-shared bimoraic segments are real-
ized. In Finnish, long vowels are about two and a quarter times the duration of short vowels, but 
long consonants are about three times the duration of short consonants (as they are in North 
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 There are numerous impediments to drawing strong conclusions about language differences. The most prominent 

one is that in the literature, individual cognitive differences are highly likely to be disparaged, and non-cognitive 
social differences are likely to be sought after. That is, facts about differences between numerous individuals speak-
ing a single language – North Saami or Finnish – are likely to be discarded as irrelevant, with data being pooled into 
a single speaker-neutral report on the social construct North Saami E-language or Finnish E-language. But no mind 
instantiates North Saami E-grammar or Finnish E-grammar. We could – and should – treat each speaker of a lan-
guage as an instance of a slightly different phonetic grammar. However, there are very many idiosyncratic physio-
logical differences between individuals which affect speech production, so it would be equally wrong to impute 
cognitive significance to differences in grammar. Reluctantly, I conclude that I-phonetics is at present inaccessible, 
pending a detailed model of human physiological differences especially as they pertain to speech production. 
 When a phonetic description is based on a large pool of speakers, in the dozens, the effect of idiosyncracies of 
individual bodies will be minimized. But suitable studies with large speaker pools are rare. Dunn (1993), for exam-
ple, provides data from 4 speakers, and it is clear that there are some major differences between speakers. Fortu-
nately, Dunn provides data on an individual-speaker basis. The data from Lehtonen (1979) is based on 10 speakers, 
so an atypical individual is unlikely to distort the pooled duration pattern. My own measurements for North Saami 
are based on one speaker. One feature that may skew measurements is language-specific asymmetries in consonants 
and vowels: for example, Finnish does not have affricates and North Saami does; long monophthongs in North 
Saami are more restricted that they are in Finnish; the vowel-length contrast in North Saami is rule-governed and not 
lexical, unlike Finnish, and there are somewhat different rhythmic requirements on the syllables of a foot in the two 
languages. 
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Saami). The languages thus seem to differ in how bimoraicity affects vowel versus consonant 
duration – μμ makes vowels “much longer” in North Saami, but just “longer” in Finnish. Like in 
North Saami, (presumed)30 mora-sharing in CVVCiCiVV results in less durational increase in C 
and V, compared to non-shared extra mora structures. In Finnish, there does not appear to be a 
substantial asymmetry in distribution of the durational correlate of moraicity, both C and V being 
lengthened by around 80%. In other words, we have identified a language difference in contex-
tual phonetic rules, that in Finnish, durational increases are greater for consonants, and in shared-
mora structures they are more evenly distributed in comparison to North Saami. I claim that 
questions about whether phonetic grammar has substantive concepts or is as substance-free as 
phonology is should be answered with reference to the system of phonetic computations – the 
grammar – and not the physical inputs and outputs that the phonetic grammar interfaces with. 
 The idea that phonetic grammar might be more abstract and symbolic is not new, and cer-
tainly is embodied in theories such as Keating’s window model (Keating 1990) or Browman & 
Goldstein (1992). The idea of an intermediate interface between phonology and the sensorimotor 
system figures prominently in the Cognitive Phonetics (CP) account of Volenc & Reiss (2017), 
and I would be remiss if I didn’t clarify what the difference it between my account and theirs. 
Essentially, the difference is that we are talking about slightly different things. We are in agree-
ment that there are underlying and surface phonological representations, and that there are pho-
netic representations. We agree that phonetic representations are phonetic representations are 
non-phonological: they claim, and I clearly disagree, that phonetic representations are extra-
grammatical. They claim that “Phonology is competence; phonetics, even its cognitive aspect, is 
performance by definition, since only mental grammar is defined as competence”, but I claim 
that some of cognitive phonetics is competence and is mental grammar. 
 I suspect, based on the kinds of facts that V&R discuss (such as the mapping from seg-
ments in the order s1,s2,s3,s4… to reordered neural commands that produce muscular contrac-
tions, based on different neural latencies between muscles; processing under aphasia; the idea 
that the phonological feature round engages the orbicularis oris, buccinator, mentalis, and leva-
tor labii superioris). As a candidate for something done by CP, they point out that the transduced 
feature PR[+ROUND] may or may not involve a compressing movement caused by the contraction 
of the buccinator – it does in the production of [y], but not [u]. Whether or not this in in the pho-
netic grammar of a language depends, empirically, in part on whether this is an optional lan-
guage-specific property.  
 

6. Conclusions 

 
In this paper, I have shown, primarily, that there is no logical requirement for UG to contain any 
primitives expressing physical facts of speech – features are not defined in terms of articulation 
or acoustics. There is no evidence that features are “defined” and automatically assignable by 
any aspect of the grammar, and there is no evidence that there exist a specific number of (unde-
fined) features. Instead, UG contains formally-defined representational potentials – “feature” is a 
concept of UG, which has a definite and knowable nature. Grammatical computations have a 
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 In North Saami, the assumed moraic associations are internally well-motivated via the system of consonant grada-

tion. In Finnish, the question is whether there would be any benefit to the alternative analysis that CVVCiCiV pre-
sents a trimoraic syllable – [teette]. I don’t know of any such evidence, but my grasp of Finnish phonology is not 
very strong. 
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specific, formalizable nature, and that nature allows classes of segments to be identified – via 
features shared by the class – which gives rise to (grammar-specific) feature assignments. 
 A key to maintaining a theory of grammatical computation which does not operate on or 
require physical substance, is recognizing that grammatical computation is performed by a spe-
cific highly-symbolic module in the mind, and that processing and retaining physical inputs is 
performed by separate modules in the mind which are not exclusively linguistic. The interfaces 
between those aspects of the mind and the grammatical component are not part of UG and, I ar-
gue, are learned based on the formal requirements of a gramatical system that is accountable for 
perceptible facts which are outside of grammar.  
 
 
 
 

Appendix I: Kerewe facts 

 
Further documentation on Kerewe is forthcoming in Odden & Tungaraza (in progress). In this 
section I briefly document the phonological processes referred to in 3.4. I give at least one con-
text for each of the rules; I also discuss certain issues related to non-existence of certain kinds of 
inputs. I do not attempt to provide an example of every possible input for each rule. Other pho-
nological processes are often implied by these data, such as a rule which degeminates nasals after 
a vowel, transferring moraic value to the vowel. 
 
A: Place assimilation of nasals 
 
A prior issue in analyzing this rule is establishing the underlying place of articulation of alternat-
ing nasals: what form does the morpheme have when prefixed to a vowel-initial base? In 
Kerewe, N+C sequences can arise by combining the 1s object prefix with a root or reflexive pre-
fix; or the 1s subject prefix with a root, reflexive, object or tense prefix; or, the cl. 9-10 noun pre-
fixes with a noun or adjective stem. Most following contexts are consonant-initial, but the simple 
past tense prefix -a- is unambiguously vowel-initial. 
 
(38) Simple past  Perfective (hest.) 
 n-a-gáβá ‘I divided’ ŋ-gaβílé ‘I divided 
 w-a-gáβá ‘you divided’ u-gaβílé ‘you divided’ 
 tw-aa-gáβá ‘we divided’ tu-gaβílé ‘we divided’ 
 
There are no vowel-initial verb roots, but initial /j/ optionally deletes after a short prefix vowel. 
The nasal which appears before /j/-initial roots is [n], which either reflects the fact that /j/ is de-
leted and therefore the unaltered nasal surfaces, or that /j/ behaves like a coronal – a proposition 
that can neither be confirmed nor denied given other facts of the language. An example of [n] 
marking the 1s object before an underlyingly j-initial root in the imperative is [n-éétá] ‘call me!’, 
[kuunéta] ‘to call me’, cf. [ku-jéta] ‘to call’. This does not contradict the alternative hypothesis 
that the nasal assimilates to [n] before [j], but also does not necessitate that hypothesis. We can 
also call on cl. 9 nominalizations such as [en-dima] ‘way of cultivating’ [ku-lima] ‘to cultivate’, 
[en-éta] ‘way of calling’ from /en-jéta/ for further examples of /n+C/ sequences.  
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(39) m-bazílé ‘I counted’ a-βazílé ‘he counted’ 
 m-boomílé ‘I was dull-witted’ a-boomílé ‘he was dull-witted’ 
 m-mazílé ‘I finished’ a-mazílé ‘he finished’ 
 m-pweezílé ‘I helped’ a-hweezílé ‘he helped’ 
 m-pekesílé ‘I made fire’ a-pekesílé ‘he made fire’ 
 m-fuzílé ‘I cleaned a-fuzílé ‘he cleaned 
 n-naaβílé ‘I bathed’ a-naaβílé ‘he bathed’ 
 n-dabílé ‘I passed’ a-labílé ‘he passed’ 
 n-tegílé ‘I fished’ a-tegílé ‘he fished’ 
 n-ziikílé ‘I planted’ a-ziikílé ‘he planted’ 
 n-sonílé ‘I sewed’ a-sonílé ‘he sewed’ 
 ɲ-ɲamwíílé ‘I ruined’ a-ɲamwíílé ‘he ruined’ 
 ɲ-tʃumisílé ‘I stabbed’ a-tʃumisílé ‘he stabbed’ 
 ŋ-ganílé ‘I told a story’ a-ganílé ‘he told a story’ 
 ŋ-kwaasílé ‘I touched’ a-kwaasílé ‘he touched’ 
 ŋ-ŋoloosílé ‘I groaned’ a-ŋoloosílé ‘he groaned’ 
 
There are no clear examples of initial /d/ in verb roots – [d] is historically the post-nasal allo-
phone of /l/ – but there is an initial contrast in noun roots as shown by forms with a vowel-final 
noun prefix such as [aka-lezu] ‘little beard’, [aka-dege] ‘little airplane’. Compare [en-dege] ‘air-
plane’, [en-dezu] ‘beard’.  
 
B: Fortition 
 
A subset of the previous examples of nasal place assimilation also motivate postnasal fortition 
(as well as non-effect on other consonants). To that set, we can add examples of the present tense 
where the 1s SP stands right before the verb root. 
 
(40) n-dímá ‘I cultivate’ a-límá ‘he cultivates’ 
 m-béézá ‘I carve’ a-βéézá ‘he carves’ 
 m-panaantúká ‘I descend’ a-hanaantúká ‘he descends’ 
 
C: Spirantization 
 
Here, the hesternal perfective with the triggering suffix -ile will illustrate this change. 
 
(41) ahas-ílé ‘he disliked’ kuhat-a ‘to dislike’ 
 afuz-ílé ‘he washed’ kuful-a ‘to wash’ 
 alaanz-ílé ‘they interlaced’ kulaanda ‘to interlace’ 
 
The following are examples of other consonants not being altered. 
     
(42) 1s hest. perf  Infin 
 ndomílé ‘I made a speech’ kuloma 
 ndoβílé ‘I fished with hooks’ kulóβa 
 ŋkopílé ‘I borrowed’ kukópa 
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 ŋgonílé ‘I snored’ kugona 
 mbisílé ‘I concealed a fact’ kuβísa 
 mbojílé ‘I fought’ kuβója 
 ŋkoɲílé ‘I cooked improperly’ kukóɲa 
 ndogílé ‘I bewitched’ kuloga 
 mbikílé ‘I announced a death’ kuβíka 
 mbohílé ‘I tied’ kuβóha 
 
Most of the time, stems that appear to end with tʃ have a different version of the perfective, one 
that is analogous to other Cj clusters – infixation of -iil- before j plus ‘reversion’ to the underly-
ing consonant free of the influence of -j-. Since in most cases final tʃ is in fact from /k+j/, this is 
unsurprising. 
 
(43) kukoβya  nkoβíízjé  ‘I picked up’ 
 kutilimya  ntilimíízjé  ‘I spun a thread’ 
 kuguzya  ngulíízjé  ‘I sold’ 
 kuβwáátʃa  mbwaakíízjé  ‘I greeted’ 
 
However, the root -peketʃ- ‘make fire with a stick’, borrowed by Swahili, it treated differently: in 
this root, tʃ → s. 
 
(44) kupékétʃa  mpekesílé  ‘I made fire with stick’ 
 
D: K-palatalization 
 
This process can be motivated with examples of the short causative -j-,31 which stands between 
the root-final C and the final suffix, -a in the following examples. 
   
(45) Infinitive Causative infinitive 
 kuβuuka kuβuutʃa ‘comb’  
 kuhika huhitʃa ‘arrive’ 
 kuseleka kuseletʃa ‘hide’ 
 kuhiiŋga  kuhiiŋgja ‘exchange’  
 kuloga kulogja ‘bewitch’  
 kulima kulimja ‘cultivate’  
 kuβííha kuβííhja ‘be bad’  
 kulóβa kulóβja ‘fish with hooks’  
 kukópa kukópja ‘borrow’  
 kuβóna kuβónja ‘find’  
 kuβísa kuβísja ‘conceal’  
 
E: Phrasal vowel deletion 
 

                                                 
31 This suffix is also one of the triggers of spirantization, so examples of final l,d,t are changed for an independent 
reason. 
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The language has no vowel sequences, even at the phrasal level, so this rule is easy to motivate. 
Deletion is specific to phrasal combinations: within words, /ai, ao/ become [ee, oo], and /e,o/ 
neven appear in morphemes that can be placed before a vowel.  
 
(46) idébe ‘water tin’ idéb ííleehi ‘tall water tin’ 
 akaβóna ‘he saw’ akaβón íí!débe ‘he saw a tin’ 
 
F: Glide formation 
 
Within words, /i,u/ become [j,w] before a vowel – /o,e/+V never arises. Phrasally, /o#V/ does 
arise as do /i#V, u#V/ and all undergo glide formation. 
 
(47) iβugu ‘tsetse fly’ iβugw iihááŋgo ‘large tsetse fly’  
 enzozu ‘elephant’ enzozw eempááŋgo ‘large elephant’  
 iβogomelo ‘waterfall’ iβogomelw iinóó!nó ‘small waterfall’  
 ekitaβo ‘bed’ ekitaβw eekihááŋgo ‘the big bed’  
 eljeejo ‘broom’ eljeejw eeljaahiinzuka ‘room which broke’  
 amagigo ‘molars’ amagigw áátáanu ‘five molars’ 
 elááŋgi ‘color’ elááŋgj éeji ‘this color’  
 amátí ‘trees’ amatj áásátu ‘three trees’  
 
G: i-harmony 
 
This process is motivated by examples of the applied suffix /il/. 
 
(48) plain Verb V+applied      
 kuβúga kuβúgíla ‘paddle’ 
 kugaβa kugaβila ‘divide’ 
 kuβóha kuβóhéla ‘tie’  
 kumweemweesa kumweemweesela ‘smile’     
 
H: u-harmony 
 
This process is a bit harder to motivate since there are no fully-productive suffixes with /u/. The 
reversive /ul/, often doubled, serves to motivate this rule 
 
(49) kusiβ-ul-a ‘untie an animal’ kusiβ-ik-a ‘be tethered’   
 kuhan-ul-a ‘take in laundry’ kuhan-ik-a ‘be hung up’   
 kuseemb-ulul-a ‘unwrap’ kuseemb-a ‘wrap up’  
 kuβóh-ólol-a ‘untie’ kuβóh-a ‘tie   
 
I: Fusion 
 
Within the word, /a/ deletes before another vowel resulting in a long vowel, and causing /i, u/ to 
be lowered to [e,o]. Here we can draw on the optionality of root-initial j-deletion to generate 
suitable vowel sequences, looking at examples of the present tense. 
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(50) βa-jéémbá βéémbá  ‘they sing’ 
 βa-jíβá βééβá  ‘they steal’ 
 βa-joléká βooléká  ‘they point’ 
 βa-jahúlá βaahúlá  ‘they choose’ 
 
Sequences with /a+u/ are hard to come by, but the example [elj-úúla] ‘shaving’, [am-óóla] ‘shav-
ings’ from /ama-úla/ shows that the rule applies at /au/ as well. 
 
 
 

Appendix II: Dorsal facts 

 
Mongolian: 
Samuels & Vaux (2018) provide important data regarding Mongolian g-epenthesis, a counterex-
ample discussed and rejected by De Lacy & Kingston (2013). D&K specifically discuss the 
situation in Buriat Mongolian, though the process is nearly universal in Mongolic languages. The 
problematic fact is that Buryat inserts g, ʁ or ɢ (depending on frontness) between vowels. Evi-
dence for such epenthesis comes from the g~Ø alternation connected with suffixation. The ar-
gument against insertion is that the process is supposedly restricted to 3 morphemes, and the 
conditions for insertion are sufficiently disparate that a phonological account is thought to be un-
tenable. D&K counterpropose that the genitive has two phonologically-distributed allomorphs, 
/i:n/ and /gai/, and suppletion is suggested for the instrumental and reflexive possessive suffixes 
as well. In the case of the genitive (possessive) case suffix in Buryat, it is said to have the surface 
realizations [ai] (after C), [gai] (after long vowel), [n] after final [i:] and diphthongs, and [i:n] 
after a short vowel. 
 These forms seem sufficiently divergent that, on the face of it, allomorphy is not obvi-
ously wrong. D&K proposal also reminds us of the limited utility of non-existence claims in 
phonology, if any counterexample can simply be disposed of by deeming it to be about mor-
pheme-selection. Turkish and Korean have certain affixes with an apparent initial C~Ø alterna-
tion, e.g. Korean topic-marked [param-ɨn] ‘wind’, [pori-nɨn] ‘barley’; Turkish [at-ɨ] ‘his horse’, 
[odas-sɨ] ‘his room’, where an unpredictable consonant alternates with Ø, the consonant being 
manifested when attached to a vowel-final stem. In neither language does /C+C/ automatically 
reduces to C+Ø. The phonological solution to the alternation is to posit uniform underlying af-
fixes, /nɨn/ and /sɨ/, and a post-consonantal deletion rule limited to certain morphemes. The allo-
morphic solution is that there are two suffixes, /nɨn/ vs. /ɨn/, distributed by reference to the prop-
erties of the preceding stem. In case a situation like that in Turkish or Korean poses a counterex-
ample to some negative existential claim about phonology, free access to phonologically condi-
tioned allomorphy potentially cuts out any probative power attributed to the nonexistence claim. 
That is, we need an explicit theory of the necessary and sufficient conditions for allomorphy 
rather than phonology. 
 In the case of the Buryat genitive, the facts seem more comfortably assimilable to an al-
lomorphy solution, but the paallel Khalkha facts are much less amendable to the suppletion 
claim. Even the proposed cases of t-epenthesis in Ojibwe, Axininca Campa and Maori have an 
element of morphological specificity to them, for example t-epenthesis in Ojibwe only applies at 
the juncture of a person prefix and a V-initial independent stem (/ni-išā/ → ntišā ‘I go’), exclud-
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ing dependent stems (/ni-ōss/ → [nōss] ‘my father’) or application within stems (/kī-pipā-išā-w/ 
→ [kīppāšā] ‘he went around’, /okkwē-ak/ → [okkwēk] ‘maggots’). Insertion of t in Axininca 
Campa does not take place between prefixes and stems, it only applies within stems. If morpho-
logical restriction is proof of the non-phonological nature of k-epenthesis, then it is likewise 
proof of the non-phonological nature of t-epenthesis – actually, morphological restriction does 
not argue against phonological epenthesis. 
 I largely disregard the situation in Buryat since those facts are not as clear to me, and fo-
cus on what is reported by Samuels & Vaux for Khalkha. There are differences between Buryat32 
and Khalkha, but insofar as the underlying claim is the general one that no language has k-
epenthesis (really, dorsal-epenthesis), and not a parochial claim about Buryat, it is fair to turn to 
parallel facts of Khalkha, giving the most favorable light possible to the D&K claim.  
 The primary problem with most existing arguments for and against g-epenthesis in Mon-
golian is that they are based on spelling, where spelling diverges nontrivially from pronunciation. 
Even in Poppe (1951) which provides transcribed examples and notes certain phonetic properties 
such as velarization of final /n/, presentations of forms are similar to transliterations of spellings 
The standard account is that g-epenthesis applies between long vowels, and vowel deletion takes 
place when the first vowel is short. An example paradigm of the alternation in the ablative case 
from S&V is as follows: these are standard Cyrillic spellings and their transliterations. 
 
(51) nom.  ablative   
 nom ном nomoos номоос ‘book’ 
 xoino хойно xoinoos хойноос ‘north’ 
 odoo одоо odoogoos одоогоос ‘now’ 
 noxoi нохой noxoigoos нохойгоос ‘dog’ 
 
However, the phonetic values (provided by S&V) are as follows: 
 
(52) nɔm nɔmɔs 
 χɔɛn χɔɛnɔs 
 ɔtɔ ɔtɔʁ  ̞ ɔs 
 nɔχɔ(ɛ) nɔχɔ(ɛ)ʁ  ̞ ɔs 
 
Similarly, written үнэ ‘price’ is standardly transliterated <üne> but is pronounced [un] – see 
Svantesson et al. p. 36. There is no vowel length contrast in Modern Mongolian, and ‘short’ final 
vowels are an orthographic archaism. The context for g-epenthesis is, simply, between hetero-
morphemic vowels – supposed final short vowels do not exist as a subcase of final vowels. 
 I must first point out that I have not gathered primary data on Khalkha from a speaker, 
and my transcriptions in this exegesis of the problem are based on attested orthographic forms 
(or actual phonetic transcriptions), interpolated to transcription based on my understanding of 
orthography-to-pronunciation in Khalkha (my basis being Svantesson et al, Samuels & Vaux, 
Puthuval (2013), information from Poppe (1951) and pronounced Mongolian tokens on Forvo). 
S&V cite 23 suffixes instantiating the g-zero alternation, such as the ablative /aas/ – using trans-
literation of Cyrillic <аас> – reflexive /aa/, instrumental /aar/, and so on. Sources such as Bosson 
(1964) describe much of Khalkha morphology and indicate that this is a general process – there 

                                                 
32 Buryat is historically classified as a Mongolic language, descended from Proto-Mongolian, and along with Oirat is 
a sister of “Mongolian” also known as Khalkha. 
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are no suffixes with initial /aa/ that are exceptions to g-insertion.33 I owe a huge debt of gratitude 
to Bert Vaux for making available data on Khalkha, and for discussion of the facts. He bears no 
responsibility for my mistakes. 
 There is some complexity to the genitive suffix in Khalkha, as there was in Buryat. In 
Khalka, the genitive suffix is underlyingly /iŋ/ <ийн, ын> “i:n”, and it appears as such after a 
consonant, for example [ɢar] <гар> ‘hand’, genitive [ɢar-iŋ]. This also includes the case of a 
strictly orthographic final vowel as in [χʊtək] ‘хутга’ ‘knife’, genitive [χʊtk-iŋ]. The genitive 
suffix is subject to three phonological processes. First, final /ŋ~n/34 deletes if the stems ends with 
/n/, cf.  [nɔjɔŋ] <ноён> ‘Mr.’, genitive [nɔjɔn-i], and this includes so-called ‘fleeting’ n as in 
[mɔrʲ] <морь> ‘horse’, [mɔrʲn-i]. After “long i” and diphthongs (orthographic <й>-final; that is, 
anything i-final), the suffix appears as just -n: see [daɮai] <далай> ‘ocean’, genitive [daɮai-n]; 
[diɮxi] <дэлхий> ‘earth’, genitive [diɮxi-n], [tsogi] <зөгий> ‘bee’, genitive [tsogi-n]. In case 
the stem ends in /i/, there is deletion of suffixal /i/ after a front vowel, a process that also affects 
the accusative /-ig/. Finally, there is epenthesis of a dorsal after a vowel-final stem: [xuu] < хүү> 
‘boy’, genitive [xuugiŋ]; [sana] <санаа> ‘thought’, genitive [sanagiŋ]. The similarities in the sur-
face manifestations of the genitive suffix in Khalkha are sufficiently great and amenable to pho-
nological analysis that a claim of suppletive allomorphy is arguably unreasonable. 
 The upshot of this discussion is that in Khalkha, the g~Ø alternation is quite regular, and 
is not the result of suppletion. This does not preclude reanalyzing all supposedly vowel-initial 
suffizes as being g-initial, postulating a rule deleting suffix-initial g after a consonant. Under 
such a reanalysis as deletion, the non-epenthetic pattern in [tsogi-n] from /tsogi-gin/ could be 
handled by a special reduction limited to the context /i+Ki/.  
 
Kárášjohka dialect of North Saami: 
In North Saami, there is a general place neutralization of word-final consonants, whereby all 
stops become h, and then in pre-pausal position, an epenthetic consonant is added after that h. 
The underlying word-final stop is recoverable from inflected forms of nouns such as the essive. 
In the Guovdageaidnu dialect,35 the inserted pre-pausal stop is [t]: we find the following alterna-
tions. d generally becomes [ð] intervocalically. 
 
(53) Nominative sg. Essive  
 mææreht mææreh-in ‘Marit’ 
 tʃuojvvaht tʃuojvvag-in ‘yellow-brown reindeer’ 
 ahhkuht ahhkub-in ‘grandchild of woman’ 
 suohkaht suohkað-in ‘thick’ 
 
Before any another segment in the next word, there is no inserted t. 
 

                                                 
33 The infinitive appears as [x] after a vowel and [əx] after a consonant. Although there is epenthesis that breaks up 
consonant clusters, epenthesis should not apply to /ir-x/ ‘to come’, and yet it does: [irəx]. Svantesson et al. note 
various problem with this suffix, and consider treating the suffix as /əx/, but it never undergoes g-epenthesis, as seen 
in [neex] ‘to open’, potentially from /nee-əx/. The infinitive would thus be an exception in having underlying schwa 
– all other instances of schwa derive by a general rule – and it would be an exception to g-insertion. 
34 Final orthographic <н> is phonetically [ŋ]. It is not clear to me whether there is evidence for positing /n/ over /ŋ/ 
in this suffix. 
35 These examples are based on my own fieldwork. 
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(54) ahhkuh lea viesus ‘grandchild is in the house’ 
 mææreh lea viesus ‘Marit is in the house’ 
 ahhkuh ii dieðe ‘grandchild doesn’t know’ 
 mææreh ii dieðe ‘Marit doesn’t know’ 
 ahhkuh gullææ ‘grandchild hears’ 
 mææreh gullææ ‘Marit hears’ 
 ahhkuh mujhtali ‘grandchild remembered’ 
 mææreh mujhtali ‘Marit remembered’ 
 
However, in the dialect of Kárášjohka, the prepausally-inserted stop is [k]. This pattern is re-
corded systematically in Nielsen (1932), also mentioned in Nickel & Sammallahti (2011:14) and 
Sammallahti (2006: 197), and confirmed by Sammallahti (p.c.) who notes that this is a feature of 
elderly speakers of the Kárášjohka dialect, whereas younger speakers tend to t-insertion. Exam-
ples are as follows (all citation forms attested in Nielsen, normalized to IPA): 
 
(55) ahkkihk ahkkiðin ‘boring’  
 varihk varihin ‘2-year reindeer buck’  
 aahkkuhk aahkkubin ‘grandchild of woman’ 
 tʃuojvvahk tʃuojvvagin ‘yellow-brown reindeer’ 
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