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Abstract

This article discusses cases of phonological abstractness and opacity and shows how they are eminently learnable,
given certain assumptions about the innate cognitive endowment that learners bring to acquisition. I argue that
opacity is not a learning problem but its solution. I propose that a distinction in patterning between two types of
i in Inuit dialects is best explained by positing that surface [i] represents a merger of two underlying vowels. The
apparently similar case of /i/ in Uyghur is shown to require a different type of solution. A review of contrasting
approaches to prefix selection in Esimbi shows that opacity plays no role in evaluating their relative learnability.
Though a celebrated case of opacity in Polish appears to have been misanalysed, an abstract analysis can still
be motivated to account for alternations in certain lexemes. Uniting these cases is a preference for phonological
analyses over diacritics or suppletion.
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2 B. Elan Dresher

1. Introduction

Compton & Dresher (2011) propose that in some Inuit dialects there is evidence for a covert contrast
between /i/ and /o/ which is neutralised on the surface to [i]. Mayer ef al. (2022a: 1) reject this sort of
analysis in general, suggesting that the covert contrast is not learnable (emphasis added):

This is an instance of what Kiparsky (1973) called ‘the diacritic use of phonological features’
(p- 16): an underlying featural contrast is used to condition phonological behavior, despite
corresponding to no observable phonetic differences in the conditioning segments themselves.
[...] These analyses therefore make strong claims about both cognitive representations (that
speakers have localized the source of the idiosyncrasy to a distinction between two sounds that
are identical on the surface) and learning (that there is some learning mechanism that leads to
such a representation).

I will argue that the analysis of Compton & Dresher (2011) is not an example of the diacritic use of
phonological features, under any reasonable interpretation of what that means. And while I don’t see
how it is a bad thing to make ‘strong claims’ about cognitive representations and learning, I will argue
against the idea that the burden of proof'is on those who propose abstract underlying entities as opposed
to those who propose actual diacritics or other non-phonological solutions.

With respect to the sorts of evidence available to learners, Mayer et al. (2022a) are not the only
phonologists who require ‘observable phonetic differences in the conditioning segments themselves’ to
diagnose an underlying featural contrast. In Esimbi, all vowels in roots are high ([i, , u]) on the surface;
however, some roots take prefixes with [i, u], others with [e, o] and others with [, o]. Archangeli &
Pulleyblank (2015: 10) reject the abstract analysis of Hyman (1988) in which root vowels of various
heights all neutralise on the surface to high vowels (emphasis added):

Assuming that a phonological difference in the roots is the source of the difference in prefix height
requires that height distinctions be encoded in roots even though there is no surface evidence —
in the roots — for the required distinction.

Archangeli & Pulleyblank (2015: 5) propose that their analysis can ‘resolve the opacity problem’
created by a standard generative approach. OpACITY is a term introduced by Kiparsky (1973) to describe
a phonological rule whose structural description is contradicted at the surface. Kiparsky’s formulation
is given in (1):

(1) Rule opacity (Kiparsky 1973: 79)
A rule P of the form A — B/ C__D is OpPAQUE to the extent that there are surface representations:

a. A in environment C__D, or
b. B (derived from A) in environment other than C_D.

Opacity of type (1a) can occur when another rule, Q, applies after P and creates new tokens of A in
the environment C___ D. This type of interaction is called COUNTERFEEDING because the opposite order,
where Q precedes P and creates new inputs to it, is a FEEDING order. It creates the surface appearance
that P has UNDERAPPLIED. Opacity of type (1b) arises when a rule Q that applies after P changes the
context C___ D, making it appear that P has ovERAPPLIED. This is called a COUNTERBLEEDING order,
because the opposite order, in which Q removes potential inputs from P, is a BLEEDING order. Over time
additional types of opaque rule interactions have been identified (see Bakovi¢ & Blumenfeld 2024 for
a more complete typology), but the essential idea remains that an opaque rule is a rule that appears in
some way to be contradicted at the surface.

From the beginning, it has been assumed that opaque rules pose particular learnability problems.'
This assumption has led to attempts to constrain or completely do away with phonological opacity, or

! An early dissenter was Kaye (1974), who observed that some opaque rules are stable over time, and thus presumably not that
hard to learn. He observed also that opacity can be beneficial to learners in recovering underlying forms.
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to prefer analyses that do not have it.” I will argue that the learnability problem has been misconceived:
rule opacity does not pose a learning problem! Rather, opacity is a so/ution within a particular theoretical
framework for a learning problem that exists independently of that framework. Given such a framework,
I will argue that it is not hard to conceive of a learning mechanism that leads learners to posit abstract
underlying representations and opaque rules.

Not all examples of abstractness are the same, and this article will present several case studies that
illustrate different aspects of abstractness and opacity. Before looking at specific cases, §2.1 presents a
brief schematic depiction of what has been called the Projection Problem for phonology and the basic
conditions a learning theory for phonology has to satisfy. §2.2 presents some of the principles that
I assume guide phonological learners, and §2.3 puts these principles in the context of phonological
learning models. §3 reviews an analysis of Inuit dialects that posits an abstract underlying vowel and
shows how it is learnable given the proposed principles of Universal Grammar (UG). Similar abstract
analyses have been proposed for Uyghur; §4 shows how, despite some initial similarities, evidence from
Uyghur points away from an abstract analysis of the Inuit type. I will argue, however, that the required
analysis, though not involving abstract underlying vowels, still involves phonological features rather
than diacritics.

In §5, I compare the learnability of two analyses of Esimbi: an analysis based on Hyman (1988) that
posits an opaque rule and abstract underlying vowels, and the analysis of Archangeli & Pulleyblank
(2015) that does without opacity. I will argue that the Esimbi case, though more complicated than the
Inuit one, has essentially the same sort of abstractness and is learnable in the same way. §6 reviews a
well-known example of opacity in Polish which, on further investigation, requires a different analysis,
though one that is still phonological and abstract. §7 is a brief conclusion.

2. Principles of a learning theory for phonology
2.1. The Projection Problem

Before delving into abstractness and opacity, I want to emphasise the obvious point that what is easy or
hard to learn depends entirely on what learners bring to the task. In generative grammar, what has been
called ‘the logical problem of language acquisition’ (Hornstein & Lightfoot 1981) can be schematically
depicted as in (2):

(2) The Projection Problem

— UG — GL

Data of L The Learner Grammar of L

The diagram illustrates a learner born into a community that speaks a language L, who is exposed
to a sampling of data, Dy, from L, and somehow acquires a grammar of L, G.. What the learner has
to do is known as the PRoJECTION PROBLEM (Peters 1972; Baker 1979), because the learner is required
to PROJECT (i.e., induce) a grammar Gp, from Dy. This projection is made possible by the innate set
of cognitive principles that learners are equipped with, which can convert Dy into Gi. In generative
grammar, these principles have been called UG. Some understand UG in a narrow sense to refer to an
innate cognitive endowment that is specific to language. However, it has sometimes been used to refer to
the collection of cognitive principles that allow learners to acquire a language, whether these are specific
to language or not, and this is the sense in which I will use it. While it is an interesting question how much
of UG is particular to language or even phonology, this may not be easy to determine. Even principles

2The subject of opacity cannot be separated from the more general issue of phonological abstractness. See Kriamer (2012:
38-64), Bakovi¢ et al. (2022), Kenstowicz & Kisseberth (2022) and Wang & Hayes (in press) for discussion of the abstractness
debate that arose as a reaction to Chomsky & Halle (1968). For opacity as it relates to serialism, see Bakovi¢ (2011) and Pruitt
(2023). Specific attempts to do away with opaque analyses are discussed in this article.
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that appear to be very specific to phonology, such as the ones presented in §2.2, might, at a higher level
of abstraction, turn out to be phonological manifestations of more general principles. For example, it
has been shown (Gershman & Niv 2010; Courellis ez al. 2024) that abstract neural representations arise
in all kinds of learning. What is important for my purposes here is that, by definition, UG is not learned,
but is rather what the learner brings to the task of acquiring a grammar. In Bayesian terms, UG is the
hypothesis space and the set of priors in the learning scenario, leaving open which innate principles are
unique to language.

The diagram in (2) abstracts away from many issues surrounding the acquisition and use of language:
it is manifestly unequipped to represent the time course of language acquisition, or language acquisition
in a multilingual or multidialectal environment. Rather, the diagram is an idealisation (not a hypothesis!)
that is meant to focus our attention on the two questions in (3):

(3) Goals of generative grammar
a. Descriptive adequacy: What is G ?
b. Explanatory adequacy: What is UG?

The first goal of generative grammar (3a) is to determine G, for each L. A correct grammar of L —
one that represents the grammar internalised by speakers of L — achieves DESCRIPTIVE ADEQUACY, in the
term used by Chomsky (1965). Some questions phonologists want to answer are given in (4).

(4) Questions about the nature of grammars

a. What are the ‘primes’ of phonological representations? Do they consist of features, or unary
elements, or particles, or gestures?

b. Are these primes universal or language-particular? Are they fully specified, or do they
reflect only contrastive properties?

¢. Do phonological grammars have ordered rules or ranked parallel constraints? What princi-
ples govern their interaction?

d. Does a morpheme have a unique stored representation from which all its surface variants
are derived, or multiple representations?

e. How much phonetic detail is included in lexical representations?

These are all questions that phonologists argue about, but they cannot be issues for learners. The
basic form of each Gp, and of all possible Gis, is determined by UG. In Chomsky’s (1965) term, a
correct theory of UG achieves EXPLANATORY ADEQUACY.’

Having to project a grammar from incomplete data requires a type of induction that inevitably
involves a POVERTY-OF-THE-STIMULUS problem: without some constraints on possible hypotheses, there
are too many potential ways one can generalise from any finite amount of data. Moreover, the data Dy,
does not by itself tell the learner what the units or operations of mental representation are. UG must be
rich enough to bridge the qualitative gap between Dy and Gp. Therefore, when one asks how hard it
is for a learner to acquire Gp given exposure to Dr, any answer we give must make some assumptions
about UG: what may be hard to learn given UG| might be easy to learn given UG,. Linguists’ intuitions
as to what might be easy or hard to learn thus presuppose some often unspoken assumptions about the
nature of UG. In this article, I will try to make some of these assumptions explicit.

2.2. Assumptions about phonological grammars

I make the basic assumptions in (5):

3In the 21st century, a third question has been asked (Chomsky 2004): Why does UG have the properties that it has? Answering
this question requires us to go ‘beyond explanatory adequacy’ to look at biological and evolutionary factors that could have
shaped the language faculty. In this article, we will be concerned with the first two goals.
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(5) Basic assumptions about how UG guides phonological acquisition

a. Phonemes consist of combinations of smaller units (phonological primes).

b. Interactions between phonemes involve the primes of (5a).

c. Learners have access to the morphological makeup and paradigmatic membership of lexical
items.

d. Learners attempt to arrive at a single underlying form for each morpheme.

e. Learners choose underlying forms that allow for the simplest and most regular grammar.

f. Where possible, rules and representations formulated entirely in phonological terms are pre-
ferred to those that mention non-phonological (e.g., morphosyntactic, lexical or diacritic)
terms.

g. Phonological processes take the form of ordered rules.

Assumptions (5a) and (5b) are common to most theories of phonology. The status of (5¢) was at the
core of a much-discussed example of what Bloch (1941) called the PARTIAL OVERLAPPING OF PHONEMES.
This situation arises when occurrences of the same sound under the same conditions must be assigned
to different phonemes. An example involves the word-final devoicing (WFD) of obstruents in German
(Trubetzkoy 1939; Moulton 1962), as shown in (6).

(6) Word-final devoicing in German

a. ‘federation’ b. ‘colourful.sG’
Singular ~ Plural Masculine Feminine
UR /bund#/  /bund+o/ UR /bunt#/ /bunt+a/
WFD bunt — WFD — —
SR [bunt] [bunds] SR [bunt] [bunts]

In (6a), WFD applies to the underlying /d/ of Bund /bund#/ ‘federation.sG’, causing it to surface as [t],
like the [t] in (6b) bunt ‘colourful.M.sG’, which derives from an underlying /t/.* Thus, two occurrences of
phonetic [t] that derive from different phonemes occur in identical phonetic contexts. If we are allowed
to take into account the lexical identities of these forms and the evidence of other members of their
paradigms, we can see that the final [t] of ‘federation’ alternates with [d], as in [bunds], whereas the
final [t] in ‘colourful’ is always [t], as in [bunta]. Bloch, like many of his fellow post-Bloomfieldians,
assumed that learners may not make use of such evidence when establishing their phonemic systems,
and would therefore have no way to know that the final [t]s in these words belong to different phonemes.
Therefore, Bloch (1941) proposed that this kind of overlapping should be excluded from phonemic
analysis. It then follows that the [t] in both instances of bunt would have to be assigned to the phoneme
/t/; the relation between [t] and [d] in the forms of ‘federation” would have to be accounted for at a
higher, morphophonemic, level of analysis.

Halle (1959) showed that this restriction on phonemic analysis results in a loss of a generalisation
when applied to Russian; Chomsky (1964) argued that the assumptions undergirding this restriction
have no empirical support. Their arguments thus undermined the empirical and psychological bases of
what they called the ‘taxonomic phoneme’ (see further Dresher & Hall 2022; Ladd 2022).

This example shows how learnability considerations have always been at the heart of debates over
abstractness in phonology. It also illustrates how assumptions about what resources learners bring to the
task of acquiring phonology govern our estimate of how easy or hard underlying forms are to acquire.
If learners do not have access to the facts that [bunt] ‘federation.sG’ is related to [bundoa] ‘federation-
pL’ and that [bunt] ‘colourful.M.sG’ is related to [bunta] ‘colourful-F.sG’, then it is impossible for them
to correctly assign the [t] of any given instance of [bunt] to /d/ or to /t/; if they do have access to this

4For the sake of this discussion, I assume that WFD results in the complete neutralisation of /d/ and /t/. There have been
arguments that the neutralisations in many cases of this kind are only partial (see Kulikov 2012 for Russian); Charles-Luce
(1985) finds, however, that the word-final voicing contrast in German is completely neutralised in some contexts.
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information, then it becomes easy to imagine how they might do this. Following Chomsky and Halle,
most analyses in a generative framework have assumed the correctness of (5¢).

Assumption (5d) has been assumed by many, but not all, phonological theories, particularly within
generative phonology; see Kramer (2012) for a history of underlying representations. For example, the
grammar in (6) posits that the morpheme ‘federation’ has a single underlying representation /bund/.
If we deny (5d), we could assign it two underlying representations, /bunt/ for when the stem is
word final and /bund/ for when it is followed by a suffix. But such an analysis fails to capture the
transparent generalisation that both [bunt#] and [bund-] follow predictably from /bund/ and WFD.
Hyman (2018: 595), who argues in support of this assumption, calls it the MORPHOPHONEMIC PRINCIPLE:
‘one should derive allomorphs from the same UR, wherever possible and “motivated”.” Sometimes, no
plausible phonological account can be constructed, as in cases of suppletive allomorphy, and learners
may be unable to arrive at a single underlying form. Bermtidez-Otero (2018a) argues that underlying
representations adhering to (5d) are required in order to distinguish between regular phonology and
suppletive allomorphy.® Sanders (2003) and O’Neill (2024), who oppose (5d), call it the PRINCIPLE OF
LEXICAL MINIMISATION. It is clear from all the above writers that the utility and validity of this principle
depend on what other machinery one attributes to UG. Sanders (2003) and O’Neill (2024) posit different
theories of phonology and morphology from the one adopted here.

Assumption (5e) is standard in theories that adopt (5d). Since the evaluation measure proposed by
Chomsky & Halle (1968), what ‘the simplest and most regular grammar’ is and how learners arrive at
it has been a central issue in phonological learnability (see the introduction by Katzir et al. 2021 to a
special issue of the Journal of Language Modelling on simplicity in grammar learning and the papers
therein). My focus is to show how learners guided by the proposed UG principles could plausibly arrive
at abstract representations and opaque rules in the cases to be discussed. See §2.3 for some proposals
for how simplicity might be computed by learners in a general way.

Assumption (5f) expresses the idea that phonological analyses preferably employ phonological terms
rather than non-phonological terms. Of course, there are morphologically governed alternations that
may look phonological but which do not have a purely phonological solution. However, it may not be
evident to learners at first what sort of case they are dealing with. Therefore, even in such cases, logic
requires learners to first look for a phonological solution, and only resort to non-phonological terms
when none is available. Otherwise, they risk overlooking a phonological solution when there is one,
contrary to (5f).

Diacritics are here considered to be non-phonological by definition; in practice, however, whether a
term is classified as phonological or diacritic depends on one’s theory. For example, Nespor & Vogel
(2007) consider the prosodic hierarchy and its constituents (the phonological phrase ¢, the intonational
phrase J, etc.) to be native to the phonology, but Scheer (2008) considers them to be diacritics. For our
purposes, I consider a ‘diacritic’ to be an ad hoc symbol that has no phonological/phonetic interpretation
in itself, but which has phonological consequences. For example, if one were to distinguish two types of
i in a language by designating them 7, and 7, then the numerical subscripts are diacritics. I understand
‘the diacritic use of phonological features’ (Kiparsky 1973) to mean that features are being used in an
ad hoc, arbitrary way that has no connection to their purported phonological/phonetic interpretation.
Conversely, ‘the phonological use of diacritic features’ (Kiparsky 1973: 18) refers to diacritics that
function as phonological features; according to (5f), learners would posit actual phonological features
rather than diacritics that have the same effect.

Finally, I assume that underlying representations are related to surface representations by means
of ordered rules (5g), as in classical generative grammar. I adopt this model for concreteness and
do not intend to exclude refinements such as Autosegmental Phonology (Goldsmith 1976), Metrical
Phonology (Liberman & Prince 1977; Halle & Vergnaud 1987) or levels as in Lexical Phonology and
Morphology (Kiparsky 1982a,b, 1985). Many phonologists assume rather that phonological processes

SWhat items count as part of a ‘paradigm’ is an important question that I will not pursue here.
“Where exactly the boundary between regular phonology and suppletive allomorphy is remains a subject of investigation.
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take the form of ranked constraints, as in various versions of Optimality Theory (OT; Prince &
Smolensky [1993] 2004). Some of the basic assumptions carry over to versions of OT that allow for
synchronic opaque interactions, including Stratal OT (Kiparsky 2000; Rubach 2003; Bermudez-Otero
2018b; Jaker & Kiparsky 2020) and Harmonic Serialism (McCarthy 2007, 2008; Elfner 2016; Rasin
2022; Pruitt 2023).”

There are differing views as to the nature of the basic primes that constitute phonemes. What form
they take is an empirical issue; for concreteness, I will assume that they are binary features as in
(7). Privative (unary) elements or structures have also been proposed; see van ’t Veer et al. (2023)
for a recent survey. Many of the learnability considerations discussed here carry over to these other
representations.

(7) Basic assumptions about phonological primes
a. The phonological primes are FEATURES (Halle 1962).
b. Features are binary and language-particular.

c. Each feature has a MARKED and an UNMARKED value, determined on a language-specific
basis (Rice 2003, 2007). By convention, the marked value of a feature F is assigned to
[+F], and the unmarked value to [-F].

d. Onalanguage-specific basis, either both values of a feature may be active, or marked values
may be more active than unmarked values, which can serve as defaults and may be more
or less inert.

By ‘language-particular’ (7b),  mean that I accept the arguments by Mielke (2008), Samuels (2011)
and others that features are not universal, but are constructed by learners based on the evidence supplied
by their language. Positing that features are EMERGENT in this sense does not lessen the need for a rich
set of innate UG principles; on the contrary, if individual features are not innately supplied it is all the
more important to have principles that constrain how many features there can be and what properties
they have. I assume that perceptual and physical systems put constraints on what a possible feature
is (Heffner et al. 2019). I also assume that constraints are imposed by considerations of phonological
contrast (Cowper & Hall 2014; Dresher 2014; Hall 2023), as discussed further below.

It should be emphasised that the kind of markedness assumed in (7) is language-particular, in the
spirit of Trubetzkoy (1939); see further Rice (2003, 2007), Battistella (2022: 229-231) and Dresher &
Hall (2022: 373-374). On this conception, just as each feature has a positive and a negative pole, it
also has a marked and an unmarked one. This kind of markedness is a formal property of feature theory
and is therefore not subject to the critiques that markedness is a prime example of ‘substance abuse’
(Hale & Reiss 2000; Reiss 2018) or vagueness (Haspelmath 2006; Martins 2017). Assumption (7d) is
based on the observation by Rice (2007) that susceptibility to assimilation or deletion is characteristic of
unmarked elements, which tend to be targets of phonological processes, whereas segments with marked
features tend to be triggers of processes.

I further assume that features are assigned in accord with Contrastive Hierarchy Theory (CHT),
whose main tenets are shown in (8):

(8) Contrastive Hierarchy Theory (Dresher et al. 1994; Dresher 2009)

a. The Successive Division Algorithm (SDA; Dresher 1998, 2003, 2009): Contrastive features
are assigned by successively dividing the inventory until every phoneme has been distin-
guished.

b. Variability of feature ordering: Features and feature ordering are language-particular and
thus can vary over space and time.

c. The Contrastivist Hypothesis (Hall 2007): The phonological component of a language L
operates only on the contrastive features derived by the SDA.

7Jurgec & Wang (in press) show that parallel OT with extended input faithfulness constraints can account for certain types of
opaque interactions.
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These principles of CHT constrain the number of features that can be posited for any given inventory
(Dresher 2018). Since the ordering of features is language-particular, learners need a way to determine
which features are contrastive and how they are ordered. According to (8c), only contrastive features
can be active; therefore, by hypothesis, an active feature must be contrastive. In CHT, then, an important
source of evidence for learners is PHONOLOGICAL ACTIVITY, Which can be defined as in (9).

(9) Phonological activity (adapted from Clements 2001: 77)
A feature can be said to be ACTIVE if it plays a role in the phonological computation; that is, if
it is required for the expression of phonological regularities in a language, including both static
phonotactic patterns and patterns of alternation.

CHT together with the assumptions in (5) and (7) posits that phonology is serial and rule-based,
and that only contrastive features are phonologically active. The analyses I will present presuppose this
framework, but it is possible that their essential elements can also arise in other theories.

Dresher (1981) considers how learners might arrive at abstract grammars. He suggests that ‘the most
common phonetic rules involve the assimilation of one feature to a feature in its environment’ and
proposes that a rule of the general form in (10) is a highly-valued rule that learners would be drawn to
construct.

(10) Basic template for assimilation (Dresher 1981)

(XIF] _ X [(Zij]
— [(Xij] / or

o, Fy [oFj] X —

According to (10), if a segment S = [o;F;...0,F,] takes on a certain feature value [o;F;] in the
presence of another segment 7, the learner will suppose, unless there is evidence to the contrary, that
T also bears the same specification and is the cause of the change in S. A similar (perhaps too strong)
constraint has been proposed by Danesi (2022) under the name of the No Ex Nihilo Hypothesis:

(11)  No Ex Nihilo Hypothesis (Danesi 2022: 192)
Phonological computation cannot manipulate primes that are absent from the representation of
the target and the trigger.

2.3. Relationship to learning models

The principles presented in §2.2 are not intended to provide a step-by-step acquisition procedure or
computational algorithm. As stated in §2.1, they are intended to address the logical problem of language
acquisition; in particular, they are an attempt to provide a set of learning principles that can lead a learner
to the abstract representations that I argue for in the subsequent sections. Thus, I abstract away from
early or intermediate stages of learning and look at what crucial principles of UG a learner supplied
with all the relevant data would need to arrive at the proposed grammars.

Various models have been presented that aim at aspects of learning that the principles in §2.2 do not
address (see Jarosz 2019 and Belth 2023a for reviews). Some of these models are claimed to be able
to learn some types of opaque rules and/or abstract underlying representations. To the extent that they
do not conflict with the principles assumed here, they can be viewed as complementing the current
proposal.

In a series of publications (Rasin & Katzir 2016, 2020; Rasin ef al. 2018, 2021; Rasin 2022), Roni
Katzir, Ezer Rasin and their collaborators have argued in favour of a learning approach that follows
the principle of minimum description length (MDL; Rissanen 1978; Rissanen & Ristad 1992). They
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show that it is capable of learning at least some types of opacity in both constraint-based and rule-based
phonology.®

MDL enforces a type of locality in phonology, and locality is the main principle of the Parsimonious
Local Phonology (PLP) learner proposed by Belth (2023a). He shows that PLP can learn abstract
underlying forms and certain opaque rules. This approach complements principles such as (10) and (11),
which focus on the relation between the target and the context of a rule; PLP focuses on the locality of
the context (the ‘X’ in (10)), but not on the relation between the target and the context. Belth (2026)
extends the approach to long-distance tier-based interactions (cf. Nevins’s [2010] notion of relativised
locality).

Yang (2005, 2016) has proposed the Tolerance Principle, which posits the maximum number of
exceptions that a rule can withstand before a learner is required to revise or abandon it. Belth (2023a,b)
incorporates it into his learning model, and nothing prevents it from being a part of the UG outlined in
§2.2.

Chandlee et al. (2018) characterise opaque interactions computationally in terms of input strictly
local (ISL) maps (Chandlee 2014). They argue that ‘the various types of interactions which researchers
have identified as opaque all share the computational property of being ISL’, which comes with strong
learnability results (Chandlee ef al. 2018: 172). They conclude that such opaque interactions ‘are not
necessarily more complex than single processes’.

Computational learning models within OT have been shown to be able to learn some types of opaque
interactions. One influential approach uses Maximum Entropy Grammar (Goldwater & Johnson 2003;
Hayes & Wilson 2008); see O’Hara (2017), Nazarov & Pater (2017) and Wang & Hayes (in press) for
applications.

Though the models mentioned in this section may differ conceptually and empirically from my
approach, the fact that different types of learning models succeed in learning opaque interactions, when
supplied with appropriate principles, shows that opacity is not the stumbling block to learnability that
it has often been supposed to be.

In the following sections, I will show how the principles in §2.2 apply to several cases of abstractness.
In each case, I will argue that abstractness and opacity pose no special problems that would require
the learning theory to depart from the normal phonological principles that apply to transparent rules.
Moreover, I will contend that the proposed alternative non-opaque analyses are not any easier to learn,
and that learnability considerations do not militate against abstract phonological representations and
opaque rules in these cases.

3. An abstract underlying vowel in Inuit dialects
3.1. Strong and weak [i]

Many Inuit dialects make a distinction between ‘strong i’ and ‘weak i’.” For example, in Barrow (North
Alaskan) Inupiaq (Kaplan 1981b: 81-82), the suffixes -/u ‘and a N’, -nik ‘oBL.PL’, and -fun ‘like a N’
follow a stem whose last vowel is u, as in (12a).

(12)  Barrow Inupiaq palatalisation after strong i (Kaplan 1981b)
Stem Gloss ‘and a N’ ‘N-oBL.PL’  ‘likea N’

a. iylu ‘house’ iylu-lu iylu-nik iylu-tun

8The application of MDL to grammar may antedate the cited references. According to Kiparsky (2022: 39), the Sanskrit
grammar of Panini (ca. 500 BCE?) ‘seeks solely to extract all grammatical regularities, rigorously guided by the twin imperatives
of complete coverage and the principle of Minimum Description Length’.

9T use the term ‘Inuit dialects’ to refer to all languages in Alaska, Canada and Greenland that descend from the Inuit branch
of PIY.
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b. iki ‘wound’  iki-Au iki-pik iki-sun
saviy ‘knife’ saviy-Au saviy-nik savik-sun
gimmiq ‘dog’ gimmig-Au  qimmi-pik  qimmi-sun

c. ini ‘place’ ini-lu ini-nik ini-tun
kamik ‘boot’ kamig-Iu kamig-nik kamik-tun
aiviq ‘walrus’  aivig-lu aivig-nik aivig-tun

These suffixes all begin with an alveolar consonant which is palatalised after some 7, as shown in
(12b): I becomes «; n becomes p2 and ¢ becomes s, which is the usual Inuit palatalisation (actually
assibilation) of z. This is called ‘strong i’ in the literature. After other i (‘weak i”) as in (12c¢), there is
no palatalisation, and the suffixes appear as they do after « in (12a) (and also after a, not shown here).
Following Kaplan (1981b), Compton & Dresher (2011) propose that whereas strong 7 is underlyingly
/i/, weak i derives from an underlying vowel that is distinct from /i/.'’

This abstract analysis reflects the historical provenance of strong and weak 7 from Proto-Inuit-Yupik
(PIY) as reconstructed by Fortescue et al. (1994): strong i mostly derive from PIY *i, as in (13b), and
weak i mostly derive from a fourth vowel reconstructed as PIY *», as in (13c).'' Cognates of these words
in Central Alaskan Yupik (CAY) dialects, which retain a phonetic contrast between /i/ and /o/, usually
have [i] corresponding to strong i and [a] corresponding to weak i (13).'? Child learners of modern Inuit
dialects have no access to the PIY origins of these words or to the CAY cognates. The abstract analysis
is not motivated by PIY or by CAY, but by the synchronic data that learners have access to.

(13) Historical origins of strong and weak 1 (Fortescue et al. 1994)

Barrow Gloss PIY CAY

a. iylu ‘house’ *apglu pallu, nallu
iki ‘wound’ *oki okiq
saviy ‘knife’ *caviy tfavik
qimmiq ‘dog’ *qikmig qikmiq

c. ini ‘place’ *ana ona (base ano)
kamik ‘boot’ *kamoy kamok-
aiviq ‘walrus’ *ajvor azvoq

3.2. A learning theory for the abstract vowel in Inuit dialects

How hard is it, in Inuit dialects, to acquire an underlying vowel that has no distinct surface realisation?
It depends on the contents of UG. If UG limits the learner to underlying representations that exist as
such at the surface, then there is no path to acquiring an abstract vowel. But I know of no evidence
for this limitation. It would perhaps have some rationale if UG treated phonemes as undecomposable
primes. If that were the case, one could perhaps argue that it would be difficult, if not impossible, for
learners exposed only to allophones of /i/, /u/, and /a/ to posit a fourth phoneme, say /o/, in lexical
representations. But the theory adopted here assumes that phonemes are composed of features, as in
(7). If so, then it is these primes that are the material of phonological computation. I will argue that this
kind of computation can easily lead to abstract phonemes.

197 follow the literature in assuming that there is full surface identity between weak i and strong i, or, in some contexts and
dialects, between weak 7 and /a/ or /u/ (see further §3.4). Kaplan (1981b) assumes this to be the case for North Alaskan Inupiaq.
I do not know of a phonetic study of that dialect, but phonetic studies of West Greenlandic, which also distinguishes between
strong and weak 7, have not found any phonetic differences between them. Wood (1971: 59) writes that the reflexes of abstract
/a/ “have no separate identity in speech’, a view supported by Hagerup (2011: 5).

For PIY, Fortescue et al. (1994) use the term Proto-Eskimo. I have changed their (r) to IPA (1) and (y) to (j).

12Kaplan (198 1b: 85-86) writes that correspondences are not always as expected, because of additional diachronic changes in
some dialects. For example, in Inupiaq, some i descended from PIY *5 have become palatalising (i.e., strong) i (Kaplan 1981a).
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Recall that one of the ‘strong claims’ of the Compton & Dresher (201 1) analysis, according to Mayer
et al. (2022a: 1), is ‘that speakers have localized the source of the idiosyncrasy to a distinction between
two sounds that are identical on the surface’. In this case, it is very clear from (12) that some stem-final
i are what cause palatalisation of the suffix-initial consonants, which does not occur in their absence.'*
It is not so obvious what the palatalising feature is; for now, let’s call it [+P]. Thus, 7 in (12b) carries
this feature, and stem-final « in (12a) and 7 in (12¢) do not. Further, by our assumption in (10), learners
prefer to posit a rule that assigns [+P] in the context of [+P], suggesting that palatalisation assigns
[+P] to the palatalised consonants. Identifying one feature [P] for both cause and effect is simpler than
identifying two different features [P] and [Q], if palatalisation is not the result of the assimilation of a
feature. Adapting the template in (10) to our case, we suppose that learners would posit a rule like (14)
to account for palatalisation.'*

(14)  Palatalisation of alveolars (modified from Kaplan 1981b: 85)

¢ v
+coronal — [+P] © —

N i
—continuant

Whereas stem-final « in (12a) clearly lacks [+P] and the stem-final 7 in (12b) clearly has it, (12c)

presents conflicting signals: stem-final i is phonetically the same as i in (12b), hence [+P]; but the
suffixes that follow it suggest that it is not [+P]. The learning theory tells the learner how to resolve this
conflict. In classical generative phonology, the resolution occurs via a derivation: though stem-final i
in (12¢) has [+P] at the surface, it must lack it underlyingly and at least until after palatalisation has
applied.

3.3. Assigning features to weak i

How does a learner assign features to weak i? The same way that features are assigned to every other
phoneme. Let us consider first Inuit dialects with three underlying vowels, /i, a, u/. These dialects
have completely lost any contrast between PIY *i and *o. Interestingly, none of these dialects have
palatalisation after /i/. Compton & Dresher (2011) propose that this is because the Inuit-Yupik feature
hierarchy has [low] ordered over [labial] (notated [low] > [labial]), as shown in (15)."° As only
two contrastive features are needed in a three-vowel system, /i/ in these dialects has no contrastive
palatalising feature; it’s the unmarked vowel. Compton & Dresher (2011: 223) observe that /i/ in these
dialects is the epenthetic vowel inserted to satisfy phonotactic constraints in adapting loanwords: ‘This
use of /i/ as the default vowel supports its unmarked status in the inventory of three-vowel dialects.’

(15) Contrastive hierarchy for three-vowel Inuit dialects: [low] > [labial]
Compton & Dresher (2011: 223)

/\

[+low] [~low]

/a/ P\

[+labial]  [~labial]
n/ i/

131n raising the localisation issue, Mayer et al. (2022a) may have been influenced by backness harmony in Uyghur, the subject
of their own analysis, in which it is not so straightforward to pinpoint the source of the backness feature (see further §4). This
is one important way that Inuit dialects differ from Uyghur: Barrow Inupiaq learners would have abundant data that shows that
palatalisation is associated with some preceding 7, and not with consonants or anything else.

4Kaplan (1981b) considers /I/ and /n/ to be [+continuant], which makes the rule more complicated. I assume that they are
[—continuant] in Inupiaq (see Mielke 2008: 56—77 on language-specific values of [continuant] for laterals and nasals). As shown
in (12b), a stem-final consonant can intervene between strong i and the suffix, hence the (C) in (14).

151 have changed Compton & Dresher’s feature notation from [F] ~ (non-F) to [+F] ~ [—F], where the first term in each
represents the marked value and the second term the unmarked value.
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Now consider dialects which have retained a contrast between strong and weak 7, that is, between /i/
and a fourth vowel, which for now we can call /V/. By assumption (5f), the contrast between /i/ and the
fourth vowel /V/ requires a phonological feature, which must be the palatalising feature [P]. Several
considerations converge to the conclusion that this feature should be added to the hierarchy as shown
in (16).

(16) Contrastive hierarchy for four-vowel Inuit dialects: [low] > [labial] > [P]
Compton & Dresher (2011: 221)

/\

[+low] [low]

/a/ /\

[+labial] ~ [labial]

/ /\
[+P]  [-P]
i/ /V/

In support of (16), the fourth vowel merges with /i/ (in most cases; some other outcomes are discussed
in the next section), suggesting that its features apart from [P] are the same as those of /i/. Second, there
is no evidence that the fourth vowel is either [+low] or [+labial]. Third, we will see evidence that the
fourth vowel is unmarked in these four-vowel dialects, supporting its lack of marked vowel features.

What is [P]? Compton & Dresher (2011) proposed that [P] is [coronal], following studies that argue
that V-place [coronal] causes palatalisation of consonants (Clements 1976, 1991a; Hume 1994), even
those with C-place [coronal] (see Kochetov 2011 for a review). If strong /i/ is [+coronal], then weak i
must be [—low, —labial, —coronal], that is, a non-low, non-rounded, non-front vowel we could call /o/
or /1.

Kaplan (1981b) followed Chomsky & Halle (1968) in proposing that the palatalising feature is
[+high]. This view is supported by Lahiri & Evers (1991) and Lahiri (2018), who argue that the
palatalisation of /I/ to [£] and /n/ to [n] amounts to the change of [~high] to [+high].'® Suppose we
assume that the third feature is [high]. On this view, weak /i/ must be [—low, —labial, —high], a mid
non-rounded vowel which again could be considered to be /o/ (or perhaps /e/).

In our case, it doesn’t much matter what we call the palatalising feature. Whether feature theory
has C-place and V-place tiers is determined by UG; it’s not something the learner has to figure out.
Nor does it matter what exactly we call the fourth vowel. In CHT, segments are underspecified in the
phonological component, and phonetic detail is added in the phonetics; but the fourth vowel has no
independent phonetic realisation. There is no harm in identifying it with a particular segment like [9]
or [i] or [e], but we should keep in mind that its actual identity is the set of contrastive features it is
assigned, which strictly speaking have no phonetic realisation (being underspecified).'’

We can now address another critique of the abstract analysis by Mayer et al. (2022a: 1), that it is an
instance of ‘the diacritic use of phonological features’. As discussed in §2.2, T understand this expression
to refer to the use of phonological features in an ad hoc, non-phonological manner. However, there is
nothing ad hoc or arbitrary about the features employed in this analysis: rather, phonological features
are motivated by phonological processes and contrasts.

16As to /t/ to [s], Kaplan (1981b) proposes that adding [+high] to /t/ gives [t[], which then becomes [s]. The palatalisation of
/t/ is [s] in many Inuit dialects, presumably by a similar mechanism.

7The assumption that underlying phonemes are underspecified may simplify the procedure for assigning them features, but it
is not crucial to the argument that abstract phonemes are learnable. If, contrary to CHT, all underlying phonemes had to be fully
specified for some set of features, I assume that UG would provide a mechanism for doing so.

https://doi.org/10.1017/50952675726100372 Published online by Cambridge University Press


https://doi.org/10.1017/S0952675726100372

Phonology 13

3.4. Weak i and opacity

I have now presented the outline of a learning theory that can lead an Inuit learner to identify weak
i with an underlying set of features that can be written /o/ (with the above caveats). To complete the
story, let’s consider sample derivations with strong and weak i. In (17a), palatalisation applies to /1/
that follows underlying (strong) /i/. In (17b), palatalisation does not apply to /I/ that follows underlying
/o/ (weak 7). The neutralization of /o/ to [i] must follow the application of palatalisation. The relative
ordering of palatalisation and /o/ — [i] makes the former rule opaque.

(17)  Sample derivations with strong and weak i

a. ‘and a wound’ b. ‘and a place’
UR fiki+lu/ UR /ina+1u/
Palatalisation  ikiAu Palatalisation —
/ol — [i] /ol — [i] inilu
SR [ikiku] SR [inilu]

The examples in (12c) make palatalisation an example of the type of opacity defined in (la):
palatalisation appears to have underapplied in (17b) in ini-lu (*ini-Au), and similarly in ini-nik (*ini-pik)
and ini-tun (*ini-sun). The underapplication is only apparent, however; at the point in the derivation
where palatalisation applies, the relevant forms are /ino-lu/, /ino-nik/ and /ins-tun/, and the context for
palatalisation is not met.

Does this opacity thereby make the palatalisation rule hard to learn? No! In our learning scenario,
learners have already acquired palatalisation (14), as well as the underlying contrast between /i/ and
/o/. Ordering palatalisation before /o/ — [i] — that is, creating opacity — is a solution to the problem of
conflicting signals sent by weak i.

Evenifitis agreed that the abstract analysis is learnable, one might ask whether it should be preferred
to a diacritical analysis. What would be wrong with positing a single /i/ in palatalising dialects, and
marking the so-called weak i as exceptionally not triggering palatalisation? Or alternatively, marking
palatalising /i/ with a diacritic, say /ip/, that triggers palatalisation? Is it not somehow simpler, more
conservative, closer to the null hypothesis, to posit a diacritic than an abstract phoneme?

No! The impression that a diacritic solution is the default option is an illusion based on thinking of
phonological computation as accessible to conscious introspection. In our case, we have an example
of palatalisation of consonants triggered by an i, a cross-linguistically very common process that is
uncontroversially mediated by a phonological feature. As this account is available in our case — indeed,
preferred, given the learning assumptions we are following — it follows that the burden of proof is rather
on those who wish to argue that this approach does not apply here.

Compton & Dresher (2011) survey different Inuit dialects that distinguish strong and weak i. In
some dialects, palatalisation is no longer productive and is limited only to the change of /t/ to [s].
In such dialects, the explanatory work done by positing a fourth vowel is limited, whatever analysis
we adopt. Other dialects display more robust evidence for a fourth vowel, and in those dialects there
are indeed significant differences between these approaches. Thus, Kaplan (1981b: 31) writes that
although all Inupiaq dialects have a phonetic three-vowel system, ‘there are strong arguments’ based
on phonological processes for the underlying existence of a fourth vowel.

Learners of North Alaskan Inupiaq would have several reasons in addition to palatalisation to
distinguish two types of [i] (Kaplan 1981b: 116—149). Unlike strong i, weak i (which Kaplan transcribes
as i) alternates with a in certain contexts, as before the copula -u- in (18b); compare the strong 7 in (18a),
which does not alternate. In other contexts, weak 7 but not strong i alternates with u, as well as with @;
the latter alternation is evidence for either epenthesis or syncope, depending on the analysis.
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Table 1. Uyghur vowel inventory (Hall & Ozburn 2019).
Front Back
Unrounded Rounded Unrounded Rounded

High i y u
Mid e o 0
Low x a

(18) Barrow Inupiaq strong and weak 1 before a vowel
a. Strong i: iki-
/iki -u-  -tug/ — [ikiuruq], *[ikauruq]
wound -COP- -PART.3SG

‘It is a wound.’

b. Weak i: ayguti-
/aguto -u-  -tuq/ — [agutauruq], *[agutiuruq]
man -COP- -PART.3SG

‘It is a man.’

Now the advantages of an abstract (i.e., phonological) analysis over a diacritic one are more evident.
The various kinds of phonological activity that the two i enter into are all consistent with strong i being
more marked than weak i: palatalisation suggests that strong 7 has an active feature that weak i lacks;
and the fact that weak i is easily assimilated and either deleted or epenthetic suggests that its features are
relatively unmarked, as per (7d). Indeed, in Yupik, which retains an overt four-vowel system /i, a, u, o/,
the schwa does not have the same status as the other vowels. According to Kaplan (1990: 147), it ‘cannot
occur long or in a cluster with another vowel’, instead undergoing dissimilation or assimilation when
adjacent to full vowels. Miyaoka (2012: 38) writes that Yupik schwa ‘frequently occurs as an epenthetic
vowel (EV) to break up an unallowable consonant cluster’. This is exactly the behaviour of weak i in
Inupiaq, which follows from the abstract analysis. On a diacritic analysis, however, there is no reason to
expect that a non-palatalising i should also be subject to assimilation and deletion or epenthesis, unless
we ascribe to the diacritic the properties of an unmarked phonological feature, essentially adopting the
abstract analysis.

4. Abstract /w/ in Uyghur?

The critique by Mayer ef al. (2022a) of the abstract analysis of weak i in Inuit dialects is in an article
on backness harmony in Uyghur. Mayer ef al. (2022a) are opposed to what they call ‘the traditional
analysis’ of Uyghur (Lindblad 1990; Hahn 1991a,b), which posits a covert contrast between front /i/,
which appears on the surface, and an abstract unobserved back /ur/. I agree that this analysis is not correct
for Uyghur, but not because all such abstract analyses are incorrect. Rather, the evidence available to
learners is crucially different in the two cases, and therefore, learners of Uyghur will arrive at a different
analysis. In this section, I briefly review Uyghur backness harmony with a view to showing why it
requires a different, though still phonological, solution.

4.1. Backness harmony in Uyghur

The vowel inventory of Uyghur is shown in Table 1.'°

18See Hall & Ozburn (2019) and Dresher et al. (2024) for further discussion of the general approach I follow here.
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Uyghur displays backness harmony, whereby the vowels of suffixes harmonise with the final vowel
of a stem, as in (19) and (20). Some consonants also participate in this harmony: the dative front -gee
(or -kee) in (19c¢) alternates with back -ga (or -ga) in (20c).

(19) Front harmonising stems (20) Back harmonising stems
a. yn-dyr ‘appear-CAUS’ a. sun-dur ‘break-cAus’
b. kel-ler ‘lake-pL’ b. jol-lar ‘road-pL’
c. oj-g& ‘home-DAT’ c. ot-qa ‘fire-DAT’

The vowels i and e have no back counterparts (*u, *r). They can co-occur with both front and back
vowels, and transparently allow backness harmony to affect following suffixes, as in (21) and (22)."”

(21) Front harmonising stems (22) Back harmonising stems
a. memin-ga& ‘believer-DaT’ a. amil-a ‘element-DAT’
b. jyz-imiz-ge ‘face-our-DaAT’ b. jol-imiz-ga ‘road-our-DaAT’

Given the data up to here, when Uyghur [i] co-occurs with back vowels, one might suppose that it
is the surface realisation of an abstract back /w/. In Uyghur, however, there is another way to interpret
the varying signals sent by surface [i]: rather than representing two underlying vowels, one could also
conclude that there is a single /i/ that is neutral with respect to backness harmony. This interpretation is
supported by the fact that, unlike the other front vowels in Uyghur, /i/ and /e/ lack a back counterpart,
raising the possibility that they have no contrastive backness feature at all. If we generate contrastive
features hierarchically, we find that there are many feature orderings in which /i/ and /e/ do not receive
a specification for [front/back]. An example is (23).”

(23)  An Uyghur vowel feature hierarchy: [low] >[high] > [round] > [front]

/\

[+low] [~low]
/\
[+high] [~high]
/\ /\
[+round] [-round] [+round] [-round]
PN N
[+front] [—front] [+front] [—front] [+front]  [—front]
| | | | | |
e/ /a/ Iyl / i/ e/ o/ /e/

On this interpretation, which is not available in Inuit dialects, the harmonic [front] feature originates
from the non-neutral stem vowels that bear a contrastive [front] feature. However, there is more to it
than that.

Stems containing only /i/ and /e/ are of two types: some take front suffixes, as in (24), and some take
back suffixes, as in (25).

19The vowel /e/ has a restricted distribution.

20 A more detailed analysis is required to determine what the feature hierarchy of Uyghur actually is. Note that the layout of
Table 1, in which the front-back distinction is superordinate to the unrounded-rounded distinction, is not consistent with any
analysis in which /i, ¢/ are neutral (unspecified) with respect to backness.
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(24) Front harmonising stems with [i] (25) Back harmonising stems with [i]
a. tfekin-dyr ‘retreat-caus’ a. sigif-dur ‘contain-caus’
b. bilim-gae ‘knowledge-DAT’ b. sinip-qa ‘classroom-DAT’

These examples cast doubt on the analysis whereby /i/ is neutral, and appear to favour the abstract
analysis that posits an underlying /w/ in (25). Additional data, however, puts these forms into a wider
context which shows other types of disharmony between stems and suffixes. Mayer et al. (2022a) and
Mayer et al. (2022b) adduce several cases, some of which are shown in (26). These include: (26a)
disharmony with £, a [+front] consonant that is expected to take -/eer (cf. (19¢)), and (26b) the converse
disharmony with [—front] g, which should take -lar (cf. (20c)); (26¢) disharmony following the non-
neutral vowel a; and (26d) variation in the suffix following sowet.

(26)  Other examples of Uyghur stem—suffix disharmony

a. etnik-lar ‘ethnic.groups-pL’ front & with back suffix
b. teetqig-ler ‘research-pL’ back g with front vowels
c. taf-tek ‘stone-like’ invariant front suffix

d. sowet-ler/lar  ‘Soviet-pL’ varying suffix

These examples show that the source of a harmonizing [+front] feature may be associated with a
stem and not with a specific vowel or consonant. That is, the feature may be FLOATING, or on a separate
autosegmental tier. In the analysis of Hall & Ozburn (2019), the contrastive feature on non-neutral
vowels and consonants is privative PALATAL that is a dependent of V-Place; lacking that feature, they
surface as back by default. Similarly, Mayer (2021: 121) proposes that [+back] is unmarked in Uyghur.
Dresher et al. (2024) use a formalisation in terms of phonological events, features, and precedence
drawn from Raimy (2000), Papillon (2020) and Idsardi (2022).

Here, I will assume that a contrastive autosegmental [+front] feature associates with vowels and
consonants that are contrastive for this feature and can also be lexically associated in floating fashion
with the end of a stem, as in the example in (27). The vowels of the stem sinip have no contrastive [front]
feature, and the end of the stem has a floating [—front] feature that associates to the vowel and back
consonant of the suffix (K and A represent a back consonant and low vowel unspecified for backness;
braces represent morpheme boundaries), yielding ga.

(27)  Uyghur floating feature: sinip-qa ‘classroom-DAT’
[—front] [—front]

A

{sinip}:~{KA} — [sinipqq]

4.2. Learning exceptional harmony in Uyghur

In comparison to some other examples of abstractness, there is nothing ‘abstract’ about the harmonising
feature [+front], which is observed in the speech signal. Nor are there any opaque processes in the
data surveyed in the previous section: suffixes transparently receive a [+front] or [—front] feature in
the presence of certain stems.”' Rather, the challenge for learners, as Mayer et al.’s (2022a) remark
suggests, is to localise the source of the [+front] feature that is affecting the suffixes. In examples like
those in (19) and (20), it is clear that the source of the feature is in the vowel of the stem, but in other
examples, the source is not so clear. In examples like (25), it is apparent that the source cannot be the
stem vowels, which seem to have the opposite value of the feature affecting the suffix. So where is the
feature coming from?

21 Uyghur also exhibits a much-discussed process whereby /z/ and /a/ raise or reduce to [i]. This process does involve opacity,
but I cannot pursue it here (see the cited references for discussion and analyses).
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Learners following the learning theory outlined in §2 would see that the backness of alternating
suffixes is dependent on the stems they attach to. According to the template in (10), they would assume
that the [+front] feature observed on the suffix originates in the preceding context. Where there is an
overt vowel or consonant with the harmonising feature, they would locate the source there. If there is
no such overt segment, and absent evidence that such a segment has been deleted or altered, the next
hypothesis would be that the feature is associated with the stem itself. In the version of the theory
assumed here, this association takes the form of a floating [+front] feature. Invariant suffixes like -zcek
in (26¢) have their own prespecified [+front] feature, which can spread to following suffixes (Mayer
2021: 188).

Mayer et al. (2022a), following Mayer (2021), propose an OT analysis using lexical diacritics. On
this analysis, when the source of harmony is an overt vowel, harmony is governed by the AGREE
constraints in (28), a standard OT implementation of feature spreading or agreement. But roots with
neutral vowels are marked with an index indicating whether they induce front or back harmony, and
these roots are subject to the indexed HARMONISE constraints in (29).””

(28) Constraints driving agreement (Mayer 2021: 29)

a. VAGREEBACK: Assess one violation if a front suffix is attached to a root whose final
harmonising vowel is back.

b. VAGREEFRONT: Assess one violation if a back suffix is attached to a root whose final
harmonising vowel is front.

(29) Constraints driving harmony with neutral vowel roots (Mayer 2021: 49)

a. HARMONISEBACK;: A harmonising suffix must be back if the immediately preceding
morpheme bears the index i.

b. HARMONISEFRONT;: A harmonising suffix must be front if the immediately preceding
morpheme bears the index i.

Mayer (2021: 140) writes:

A covert contrast analysis requires that learners intuit the existence of a phonemic category that
has no clear phonetic correlates, while an analysis using lexically indexed constraints requires
only that they learn the idiosyncratic harmonizing behavior of certain roots.

This analysis is an example of ‘the phonological use of diacritic features’ (Kiparsky 1973: 18),
because the diacritic here (the index) is functioning exactly like the phonological feature [+back] or
[+front]. Indeed, the index will at some point have to be converted into one of these feature values
to actually accomplish the harmony. The learning challenge in the case of neutral and otherwise
exceptional morphemes is to learn which stems (or roots) induce what kind of harmony, absent an
overt harmonising vowel or consonant. Once learners have met this challenge, the question is how they
encode that information in their grammar. That depends on UG.

According to the learning assumptions set out in this article, they would prefer to do so phonolog-
ically, using a phonological feature to trigger harmony in exceptional cases just as it does in regular
cases. Concern about an abstract */w/ in Uyghur is misplaced: the same learning theory that leads a
learner to posit abstract /o/ in Inuit dialects leads a Uyghur learner to posit that /i/ is not contrastively
specified for [+front] and that there are morpheme-level [+front] features. We would need a convincing
reason to complicate the learning theory, as well as the phonology, to require two entirely different
systems to accomplish backness harmony: one using features for when the source of harmony is overt,
and a second using indices for when the source of harmony is not overt. As Dresher et al. (2024: 4)
conclude, ‘[t]o all appearances, Uyghur harmony and disharmony are phonological. Lacking evidence
to the contrary, we maintain that phonological representations are phonological.’

22Presumably, the index i has a different value in (29a) than it has in (29b). Mayer ef al. (2022a) replace (29a) with
*FRONTSUFFIX to reflect the markedness of [—back].
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5. Emergent Grammar vs. Universal Grammar in Esimbi

Archangeli & Pulleyblank (2015) argue for ‘a largely Emergent Grammar in phonology’ and against a
particular conception of UG. One of their examples concerns prefix allomorphy in Esimbi, a Bantoid
language of Cameroon.”” They choose this example because it has been the subject of analyses that
appeal to abstractness and opaque rule interactions. They suggest that such analyses are problematic
because of their opacity and propose an alternative that, in their words, ‘resolves the pattern without
opacity concerns’.

In this section, I will show that Archangeli & Pulleyblank’s (2015) characterisation of Emergent
Grammar (EG) is far too weak and is consistent with any conceivable analysis of Esimbi.”* Turning to
their analysis, I will show that, in some respects, it is not very different from the abstract one, and in
other respects, it is far less insightful. I will argue that the fact that their analysis has no opacity in the
technical sense is of no significance for its relative learnability compared to the abstract analysis, which
is learnable by the same principles that apply to the Inuit and Uyghur cases.

5.1. Emergent Grammar and Universal Grammar

As Archangeli & Pulleyblank tell it, the EG hypothesis competes with the UG hypothesis in these terms:
Do infants learn grammar ‘due to an innate capability specific for language, the Universal Grammar
hypothesis (UG), or are they simply the abilities that infants use to learn about all aspects of their
world, the Emergent Grammar hypothesis (EG)?’ They propose that language learners make use of
basic cognitive principles, listed in (30), which are not special to language:

(30) Principles of Emergent Grammar (Archangeli & Pulleyblank 2015: 1)
a. Ability to create categories
b. Ability to attend to frequency
c. Ability to generalize and create a symbolic system

That’s it! Recall that these principles have to determine what phonological grammars are like; they
have to answer the questions in (4). The principles in (30) are indeed fundamental and are presupposed
by every learning theory, including the one adopted in this article. But that means that they are
compatible with any conceivable theory of phonology. They are thus far too weak to support the
acquisition of phonology, which must be based on innate principles that will guide learners to a specific
type of phonological grammar. Whatever the exact nature of the phonological grammar, overcoming
the poverty of the stimulus requires a contentful theory of UG.

Archangeli & Pulleyblank single out opacity as a problem that UG analyses have and that their EG
analysis does not. I will show, however, that opacity is a red herring that obscures the real learning
problem.

Esimbi has an unusual restriction on root vowels and an interesting set of prefix alternations. Only
three vowels can occur in Esimbi roots, and they are all high: [i, 1, u]. Moreover, if a root contains more
than one vowel, they must be identical. Esimbi prefixes have more vowels, as shown in (31).

(31) Esimbi prefix vowels

23 Although Esimbi is often classified as Tivoid, it has no known close relatives (Stallcup 1980b: 139), and its Tivoid affiliation
has not been adequately demonstrated (Larry Hyman, p.c.).
24See Archangeli & Pulleyblank (2022) for a more detailed account of the EG theory; they do not revisit the Esimbi case there.
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The two prefixes we will be looking at first each have three allomorphs whose choice depends on the
root they attach to. Roots with [i] are shown in (32), and roots with [u] are shown in (33); the numerals
3 and 9 represent noun classes.

(32) Allomorphs of the sG 9 and SG 3 prefixes co-occurring with root vowel [i]

a. The sG 9 prefix b. The sG 3 prefix
[i-] with ‘goat’: i-bi [u-] with ‘end’: u-tili
[e-] with ‘antelope’: e-kibi [o-] with ‘tail’: o-ki
[e-] with ‘animal’:  e-nyimi [0-] with ‘grain’:  o-simi

(33) Allomorphs of the sG 9 and SG 3 prefixes co-occurring with root vowel [u]

a. The sG 9 prefix b. The sG 3 prefix
[i-] with “fish’: i-su [u-] with “fire’: u-wusu
[e-] with ‘bird’: e-nunu [o-] with ‘ear’: o-tu
[e-] with ‘hippo’: e-fumu [0-] with ‘hand’:  o-bu

The patterns in (32) and (33) are general: prefixes alternate among either [i, e, €] or [u, 0, 5].>> The
examples show that roots with [i] and [u] come in three types: those that occur with prefixes [i, u]; those
that occur with [e, o]; and those that occur with [¢, o]. There are also roots with [], as shown in (34).
There are only two types of such roots; prefixes [i, u] are missing.

(34) Allomorphs of I-, U- prefixes co-occurring with root vowel [i]

a. The sG 9 prefix b. The sG 3 prefix
[e-] with ‘cane rat’:  e-bi [0-] with ‘spear’: o-ti
[e-] with ‘place’: e-tli [0-] with ‘broom’: o-bi

The generalizations we have observed up to here are:

+ A given prefix is always front or always round.
+ The height of a prefix depends on the root it attaches to.

At first sight, these prefix alternations appear puzzling. Many languages have height harmony, where
the height of a prefix vowel must match the height of the root vowel. But in Esimbi, all root vowels are
high!

5.2. The basic learnability argument in Esimbi

Building on work by Kenneth Stallcup (see Stallcup 1980a,b), Hyman (1988) proposes that the
restriction of roots to high vowels at the surface masks the fact that in underlying representations there
is a wider variety of vowels that trigger height harmony in the prefixes. For root vowels that surface as
[i] and [u], the vowels of the prefixes mirror the height of the underlying root vowels. The vowels that
surface as [#] evidently derive from two central vowels: a mid vowel that co-occurs with prefixes [e-]
and [o0-], which Hyman represents as /o/, and a low vowel that co-occurs with [e-] and [o-], represented
as /a/. The ingredients of his analysis are summarised in (35).

25There is a third prefix pattern [0, e~o, a] which we will look at in §5.3.
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(35) The analysis of Hyman (1958)
a. I- prefixes [i, e, €] are specified [-back]; U- prefixes [u, o, o] are [+round].

b. [i] roots derive from /i/, /e/ or /e/; [u] roots derive from /u/, /o/ or /o/; [i] roots derive from
/a/ or /a/.

c. Prefix height assimilation (PHA): Prefixes assimilate to the height features of the roots.
d. Root vowel raising (RVR): Following PHA, all root vowels become [+high].

Some sample derivations that illustrate this analysis are given in (36). Note that RVR makes PHA
opaque: after the root vowels raise, we can no longer see the rationale for why the prefixes have the

height that they do.”®
(36) Hyman (1988): Sample derivations
‘a goat’ ‘a spear’ ‘a grain’
SG 9 + bi SG 3+t SG 3 + simi
UR /[-bk] + bi/ /[+rd] + to/ /[+rd] + seme/
PHA i-bi o-to o-seme
RVR — o-ti o-simi
SR [i-bi] [o-ti] [0-simi]

Archangeli & Pulleyblank (2015: 10-11) are critical of this analysis; they write:

Assuming that a phonological difference in the roots is the source of the difference in prefix height
requires that height distinctions be encoded in roots even though there is no surface evidence—in
the roots—for the required distinction.

The suggestion here — not stated explicitly — is that learners may not have evidence for positing
height distinctions in the lexical forms of the roots. Moreover, they observe that the analysis results
in surface opacity and propose alternative generalisations that ‘resolve the opacity problem’, without
explaining why opacity is a problem.

Archangeli & Pulleyblank (2015) present an analysis with no opacity and no abstract underlying
vowels that are different from the surface vowels. In their analysis, the words for ‘goat’, ‘antelope’
and ‘animal’ (32) all have the same high vowel in their lexical representations: /bi/, /kibi/ and /nyimi/,
and similarly for all the other root vowels [u] and [i]. So how do they account for the fact that roots
take prefixes of different heights: [i-bi], [e-kibi], [e-nyimi]? Here is how they do it: in the lexical entry
of each root, they indicate — in terms of features — what sort of prefix the root prefers. Some sample
representations are shown in (37).

(37) Root lexical representations (Archangeli & Pulleyblank 2015: 7-9)

a. SetA b. SetB c. SetC
{bin, are } ‘goat’ {ki} ~ ‘tail’ {simi o prr} ‘grain’
{tt}  ‘spear’ {biro, ke } ‘broom’
{sumuy, sr} ‘thorn’ {tu}  ‘ear’ {Zur0, v} ‘snake’

In (37), the notation indicates that /bi/ ‘goat’ in Set A prefers a prefix that is [high] and [ATR], and
/simi/ ‘grain’ in Set C prefers a prefix that is [low] and [RTR]. Set B roots have no specified preference;
Archangeli & Pulleyblank propose that they take the unmarked prefixes, which in their analysis are [e-]
and [o-]. The reasons why prefix selection is framed as preferences, why two features are needed for
Sets A and C, and why Set B preferences are left unstated, have to do with the realisations of the third
prefix, discussed in §5.3.

Comparing this analysis to one such as Hyman’s, Archangeli & Pulleyblank (2015: 10-11) write
(emphasis added):

26In (36), the root vowels are represented as segments. Determining their features has to wait until we discuss the third prefix.
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The issue of surface opacity [...] is a non-issue under this analysis. The problem derives from
assuming that patterns such as these are entirely phonological. [...]

Emergent Grammar recognizes all types of generalizations that the learner might make. Among
these are generalizations over sets of lexical items that are arbitrary based on their surface
forms [...]. It is the recognition of such lexical generalizations co-existing with phonological
generalizations that eliminates opacity as an issue in Esimbi prefix selection.

Archangeli & Pulleyblank’s analysis and discussion raise some questions:

* Why is opacity an issue? What is the issue? What is gained by eliminating it?

* How do we draw the line between phonological and lexical generalisations when the latter are stated
entirely in terms of phonological features?

* Are features easier to learn if they are represented as small capital subscripts?

I mention the notation because I think it obscures some similarities between the UG and the EG
analyses. The UG analysis of a word like simi ‘grain’, which takes [e, o] prefixes, attributes to the root
vowel two different feature specifications: one is underlying, whose height (and tongue root) feature is
spread to the prefix, and the other is for the root after raising, as shown in (38a). The EG analysis of
this word also attributes to the root vowel two different feature specifications: one is for the root vowel
and the other is for the prefix, as in (38b).”’

(38) UG vs. EG analyses of /simi/

a. UG analysis /seme/ — [simi]
Lexical features  [front, non-high, RTR]
Surface features  [front, high, ATR]

b. EG analysis /simi/y o, rre
Prefix features [low] and/or [RTR]
Lexical features  [front, high, ATR]

What does the learner have to discover in order to arrive at either the UG or the EG analysis? The
learner has to recognise that, though the root [simi] has vowels that appear as [high, ATR], it carries
somewhere, in some fashion, [non-high] and [RTR] specifications. What sort of principles will enable
Esimbi learners to discover this? Esimbi learners must have a learning mechanism that directs them to
look for a solution in terms of features associated with the roots to account for the height of the prefixes.

Consider first the UG analysis: Do we have a learning theory that does this? Yes, we do! In the
learning theory outlined in §2.2, the first two assumptions in (5) are that segments are analysed into
features and that segments interact through features. Recall also our template for a highly valued rule
in (10). Applied to our case, if learners see the form [0-simi] ‘SG 3-grain’, where the height features of
the prefix (but not its roundness) are determined by the root, they will attribute those height features to
the root.

Like weak 7 in Inuit dialects, root vowels are sending conflicting signals. In (38a), the surface form
of the root vowel [i] in [simi] signals that it is high, but the prefix vowel [0] signals that it is not high.
The conflict is resolved by assigning both [high, ATR] and [non-high, RTR] to the root vowel [i].
UG tells the learner how to accommodate these contradictory specifications. In derivational generative
phonology, the accommodation takes the form of a derivation with ordered rules, as in (36). [~high,
RTR] is assigned to the underlying representation and spreads to the prefix by PHA; the root vowel
then raises to [+high, ATR] by RVR.

Is there a learning theory for the analysis presented in Archangeli & Pulleyblank (2015)? The EG as
presented there would have to be greatly enriched beyond the general abilities in (30) in order to arrive
at their analysis of Esimbi. We don’t know what such a theory would look like when fully spelled out.

27 Just to be clear, the prefix features in (38b) are preferences, not requirements; the reason for this will become evident in
the next section. Nor are they equivalent to floating features. As we have not yet decided on the features of /e, o/, for now I will
follow Archangeli & Pulleyblank (2015) in specifying them as [non-high] and [RTR].
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In terms of the representations it ends up with, it is not very different — so far! — from the abstract UG
analysis. However, whereas the UG theory posits a single unified mechanism of feature transmission
for transparent and opaque situations, the EG theory posits two entirely different mechanisms, thereby
requiring more, not less, phonology-specific innate machinery, or so it appears. Be that as it may,
Archangeli & Pulleyblank (2015) have not shown that there is a UG opacity ‘issue’ that needs to be
resolved, or how EG resolves it.

Some questions about the analysis have yet to be answered:

* Why do Archangeli & Pulleyblank (2015) write that roots ‘prefer’ certain prefixes? Why not ‘select’
or ‘assign’?

* Why are the Set B prefix preferences left unmarked?

* Finally, what exactly are the phonological features of Esimbi vowels?

To answer these questions, we have to look at a third Esimbi prefix, which Hyman (1988) calls the
A- prefix. This prefix considerably complicates the analysis of Esimbi vowel phonology. And here we
will see a considerable difference in the adequacy of the UG analysis compared to the EG analysis.

5.3. Further intricacies of the Esimbi vowel system: the A- prefix

As Hyman (1988) observes, the A- prefix appears one height degree lower than the vowels of the I- and
U- prefixes which occur with the same root. For example, the sG 3 U- prefix in (39a) has the allophones
shown. In (39b) are the same roots with the PL 6 A- prefix: [u] in (39a) corresponds to [0] in (39b); [0]
corresponds to [0] and [2] corresponds to [a].

(39) Allomorphs of the sG 3 and PL 6 prefixes co-occurring the same root vowel

a. The sG 3 U- prefix b. The PL 6 A- prefix
[u-] with ‘end’: u-tili [0-] with ‘end’: o-tili
[0-] with ‘spear’: o-ti [0-] with ‘spear’:  o-ti
[0-] with ‘hand’: o-bu [a-] with ‘hand’:  a-bu

Unlike the I- and U- prefixes, the A- prefix does not consistently appear as front or round, nor does
it consistently receive these features from the root. As shown in (40), A- appears as [0] with /i, u/; as [0]
with /o0, o/; as [€] with /e/ and as [a] with /e, a, /. Hyman (1988) writes that the frontness and rounding
of the A- prefix are presumably determined by secondary processes.

(40)  Realisations of the A- prefix (Hyman 1988: 259)
Root vowel  A- prefix

a. /i,u/ [o-]
b. /a,0/ [0-]
c. /el [e-]
d. /e, a, o/ [a-]

We will be mainly concerned with the A- prefix specifications that have the effect of lowering
the height assigned by the root vowels by one step. This is not a trivial problem! Let’s first look at
Archangeli & Pulleyblank’s approach, which is very different from any UG account. They do not
characterise the three prefixes in terms of features, but rather as sets of allomorphs. Their analysis is
summed up in Table 2.

Recall that Archangeli & Pulleyblank (2015) specify the Set A roots, which Hyman considers to be
underlyingly high, as preferring prefixes that are [high] and [ATR] (e.g., biw, xx ‘goat’). The highest
prefixes in the front and round classes, [i] and [u], are both [high] and [ATR]. The highest prefix in the
non-high class, [0], is [ATR] but not [high]. This is why prefix selection is framed as preferences: Set A
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Table 2. Descriptive summary of Esimbi prefixes (Archangeli
& Pulleyblank 2015: 6; adapted from their Table 8)

Prefix class

Root Front Round Non-high
Set A i u o

Set B e 0 gorod
Set C € o) a

prefers prefixes that are [high] and [ATR], but will accept only one of these if necessary. In Archangeli
& Pulleyblank’s (2015) analysis, [0] is the only non-high prefix that is [ATR]; [, o, a] are all [RTR].

The Set C roots, which Hyman considers to be underlyingly /e, o, a/, prefer prefixes that are [low]
and [RTR] (e.g., zu,o, rrx ‘snake’). In Archangeli & Pulleyblank’s analysis, [¢, o] are the only front and
round prefixes that are [RTR] (though not [low]). In the non-high prefix, [¢, o] are [RTR] but lose to [a]
which is also [low].

Now consider the Set B roots, which Hyman considers to be underlyingly /e, o, o/. In Archangeli
& Pulleyblank’s analysis, these roots have no specified preferences (e.g., {ki} ‘tail’) but take the
‘unmarked’ member of each prefix, stipulated to be the middle member. Now we can see that they are
forced to this solution because there is no way to state the Set B preferences in a positive way. One would
need to say that Set B prefers [non-high] and [ATR] to account for the front and round prefixes, but this
selects the wrong vowel [0] in the non-high prefix. The non-high allomorphs that need to be selected are
[, 0], which are [RTR]; but then the front and round prefixes will select the wrong vowels [€] and [o].

Let’s reflect for a moment on how Archangeli & Pulleyblank (2015) specify the variants of each
prefix. Each prefix consists of a list of allomorphs, as in Table 2. Why these particular allomorphs? In
this analysis, there is no reason why the heights of the front and round allomorphs correspond to each
other. And it appears to be a coincidence that the non-high allomorphs are exactly one step below them.
Thus, the EG analysis has no explanation for why the prefix allomorphs are the way they are.

By contrast, here is what Hyman (1988: 260) considered to be the criterion for a successful analysis
of the Esimbi prefixes (emphasis added):

To repeat our aim, an analysis must be sought that correctly and insightfully captures the vowel
height relations between the prefixes I- and U- vs. those of the prefix A-, which are one step lower.

The EG analysis abandons this aim: it simply stipulates the vowel heights of each prefix. So let’s
look at a UG analysis in the spirit of Hyman (1988).

5.4. A UG analysis of the A- prefix in Esimbi

What features must the A- prefix have to produce a vowel that is one step lower than the root vowel?
There are theories which can do this very elegantly; for example, the Particle Phonology of Schane
(1984) or versions of Element Theory (Kaye et al. 1985; Backley 2011). In such theories, we could say
that the A- prefix literally consists of an A element; adding one A to the root vowel lowers it by one
step. Maybe this approach is right! But here I will continue to follow the feature theory set out in (7).
Hyman (1988) makes a number of proposals to account for the behaviour of the A- prefix. The one
I find most compelling is that /a/ is characterised by [~ATR] (which, for purposes of this discussion, is
equal to [+RTR]). The idea is that [~ATR] can interact with height features in particle phonology style,
lowering each height by one step. While I agree with the spirit of Hyman’s analysis, I want to modify
his specifications slightly. I assume the active feature is [+RTR]. Following Archangeli & Pulleyblank
(2015) and for reasons of contrast, I consider /e, o/ to also be [+RTR]. Finally, I would like to include
/i/; though it is a derived vowel, it consists entirely of contrastive features, so is part of the contrastive

https://doi.org/10.1017/50952675726100372 Published online by Cambridge University Press


https://doi.org/10.1017/S0952675726100372

24 B. Elan Dresher

inventory at some point. A possible contrastive feature hierarchy for this system is given in (41a); the
feature specifications so generated are displayed in (41b).

(41) a. Esimbi vowel hierarchy: [RTR] > [front] > [round] > [high]

/\

[-RTR] [+RTR]
/\ /\
[+front] [—front] [+front] [—front]
/\ /\
[-round] [tround] [-round] [+round]

NG T

[+high] [~high] [+high] [~high] [+high] [~high]

i/ /el /i o/ h/ o/ /el /a/ o/

b. Esimbi vowel features generated by (41a)
/i/ le/ /el /i /ol /a/ h/ o/ o/

[RTR] - -+ - -+ = - ¥
[front] + + + - - - - - -
[round] - - - + + +
[high] + - + - + -

Now that we have an explicit account of the vowel features of Esimbi, we can make the analysis
outlined in (35) more precise, as in (42).
(42) The analysis of Hyman (1988) in terms of the features in (41)
a. Prefixes
i. I- prefixes [i, e, €] are specified [+front]
ii. U- prefixes [u, o, o] are [—front, +round]
iii. the A- prefix [o, 9, €, a] is [tRTR]
b. Roots
i. [i] roots derive from /i/, /e/, or /¢/
ii. [u] roots derive from /u/, /o/, or /o/
iii. [i] roots derive from /o/ or /a/

c. Prefix height assimilation: Prefixes that are unspecified for height and/or [RTR] assimilate
to those features of the roots.

d. Root vowel raising: Following PHA, all root vowels become [-RTR, +high].

The specifications of the I- and U- prefixes (42a) are slightly revised: I- is [+front] rather than
[-back], and U- is [—front] in addition to [+round], to conform to the feature hierarchy in (41a).
Following Hyman (1988), I assume that the A- prefix is specified only [+RTR]. The underlying root
vowels in (42b) are as before.

In the current analysis, the height of a vowel is regulated by two features, [+high] and [+RTR];
therefore, both PHA in (42c) and RVR in (42d) must involve both those features. The output of RVR
is a vowel that is [-RTR, +high]: underlying /i, u/ do not change; /e, o, o/ change to [+high] and /e, o,
a/ change to [-RTR] and add [+high].

https://doi.org/10.1017/50952675726100372 Published online by Cambridge University Press


https://doi.org/10.1017/S0952675726100372

Phonology 25

According to PHA, prefixes unspecified for [RTR] and/or [high] assimilate to the root values of
those features. In particular, the I- and U- prefixes receive: [-RTR, +high] from /i, u/, yielding [i, u];
[-RTR, —high] from /e, o, o/, yielding [e, o] and [+RTR] from /e, o, a/, yielding [, 2].

The A- prefix is specified [+RTR]. The result of combining it with [-RTR, —high] from the root
vowels /e, 0, o/ is a [+RTR] vowel with front/round features as specified in (44a) and (44b).”* When
[+RTR] combines with root vowels /i, u/, the expected result is [+RTR, +high] (*[v], looking ahead
to (44b)). The actual result is [0]. As Hyman (1988: 267) explains, the pronunciation of [1, u] can be
very close to [e, o]; in several languages, these sounds have merged. Moreover, a constraint against
[+RTR, +high] is cross-linguistically very common (Archangeli & Pulleyblank 1994). Thus, we have
the principle in (43), a kind of STRUCTURE PRESERVATION (Kiparsky 1985) whereby vowels specified
[+RTR, +high] are interpreted as [-RTR, —high].

(43) Structure Preservation (SP): Interpretation of [+RTR, +high]
When [+high] combines with a vowel specified [+RTR], the vowel is interpreted as the
phonetically nearest [-RTR] vowel, which is [-RTR, —high].

The front/round features of the A- prefix are derived following the principles in (44).

(44) Front/round assignment (FRA): Deriving the front/round features of the A- prefix
a. When the root vowel is [—high, +front] (/e/), the [+RTR] prefix is assigned [+front].

b. Otherwise, when the root vowel is [+high] (/i, u, 9, 0/), the [+RTR] prefix is assigned
[—front, +round].

c. When the root vowel has no height feature (/e, a, /), the [+RTR] prefix is assigned
[—front, —round].

To illustrate the above analysis, for roots with underlying [+high] vowels, we have the outcomes in
(45) for the A- prefix.”’

(45) Derivations of the A- prefix: roots with underlying [£high] vowels
a. Roots with underlying high vowels: /[+RTR]+tili/ ‘PL 6-end’

Prefix Root
UR /[+RTR] +  t[-RTR, +front, +high] 1V/

(42¢) PHA [+RTR, +high] —
(44b) FRA  [+RTR, +high, —front, +round] —

(42d) RVR — —
(43) SP [-RTR, —high, —front, +round] —
SR [o-tili]
b. Roots with underlying /e/: /[+RTR]+ke/ ‘PL 6-tail’
Prefix Root
UR /[tRTR] + k[-RTR, +front, —high]/

(42¢) PHA [+RTR, —high] —
(44a) FRA  [+RTR, —high, +front] —
(42d) RVR — k [-RTR, +front, +high]

SR [e-ki]

28These root vowels have a [~high] feature that does not co-occur with the underlying [+RTR] vowels. Either this feature
remains in the A- prefix, resulting in new allophones that are indistinguishable from underlying /e, o/, or else changing [-RTR]
to [+RTR] operates in structure-preserving fashion, in which case the [~high] feature is deleted.

2For roots with two vowels, as in (45a), I specify the features for the first vowel and represent the second one as V, where it
is understood that the second vowel must be identical to the first. Alternately, we can suppose that vowel features of the root are
attached to the root, as in the case of the floating features in Uyghur.

https://doi.org/10.1017/50952675726100372 Published online by Cambridge University Press


https://doi.org/10.1017/S0952675726100372

26 B. Elan Dresher

¢. Roots with underlying /2, o/: /[+RTR]+ta/ ‘PL 6-spear’

Prefix Root
UR  /[tRTR] + t[-RTR, —front, —round, —high]/

(42¢) PHA  [+RTR, —high] —
(44b) FRA  [+RTR, —high, —front, +round] —
(44b) RVR — t[-RTR, —front, —round, +high]

SR [o-ti]

When the A- prefix occurs with the [+RTR] root vowels /e, a, o/, it simply remains [+RTR]; in this
case, it receives the default features [—front] and [-round] (44c), resulting in [a]. A sample derivation
is shown in (46).

(46) Deriving the A- prefix with [+RTR] roots: /[+RTR]+bo/ ‘PL 6-hand’

Prefix Root
UR  /[tRTR] + [+RTR, —front, +round]/
(42¢) PHA — —
(44c) FRA  [+RTR, —front, —round] —
(42d) RVR — [-RTR, —front, +round, +high]
SR [a-bu]

As we saw for the I- and U- prefixes, when the A- prefix combines with a root, learners receive
conflicting signals; in this case, the conflict is compounded:

+ in aroot like /tu/ ‘ear’, the root vowel signals that it is [+high];
+ the U- prefix in [o-tu] signals that the root vowel is [-RTR, —high];
+ the A- prefix in [o-tu] signals yet a different vowel height, [+RTR].

The simplest solution, and the one most consistent with the UG assumed here, is a version of the
one adopted by Hyman (1988): the I- and U- prefixes show the underlying height of the root, and the
A- prefix lowers it. Three sets of features are in play:

« the surface features on the root vowels after raising;
* the underlying height/RTR features assigned to the root that show up in the I- and U- prefixes;
+ and the [+RTR] feature in the representation of the A- prefix.

5.5. Other analyses of Esimbi

Other writers have discussed the Esimbi prefix alternations from various points of view: Clements
(1991b), Odden (1991) and Halle (1995) adopt the basic analysis of Hyman (1988), with different
theories of features and feature geometry; Walker (1999) and Kalinowski (2009) employ an OT
framework and van der Hulst (2018: 261-263) uses Radical CV Phonology. Though the details of these
analyses differ, they all, as do Archangeli & Pulleyblank (2015), attribute the height (and tongue root
features, for some) of the prefixes to features associated with the roots.’ Halle (1995: 40) concludes
his discussion with the following observation about the learnability of an abstract analysis of Esimbi:

Esimbi speakers can therefore readily reconstitute the feature values of the underlying stem
vowel: those for [back] and [round] surface on the stem vowel, those for [low] and [high] on the
prefix. Thus, from an informational point of view the situation is only slightly less transparent
than that encountered in a language where prefixes copy all features of the stem vowel.

30Kalinowski (2009) identifies a fourth prefix, E-, in addition to the three assumed by other analyses. She discusses additional
data not accounted for by other studies, but does not propose a solution.
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6. Reanalysing opacity in Polish

One of the best-known cases of an opaque rule interaction in the classical generative phonology
literature involves the interaction of o-raising and WFD in Polish (Kenstowicz & Kisseberth 1979;
Bethin 1992; Kenstowicz 1994: 74-78). More recent analyses have argued that these accounts are
wrong. In this section, I will review this controversy and agree that a reanalysis of the Polish data is
called for. Nevertheless, the fact that a particular case of opaque interaction turns out to be an incorrect
analysis cannot be taken as an argument against all such analyses in general. I will argue that the best
synchronic analysis remains an abstract phonological one along the lines of the other cases discussed
in this article.

6.1. The Polish problem in its classical form

The Polish opaque interaction became well known due to its inclusion in a problem set by Kenstowicz
& Kisseberth (1979: 72—73). Some of the essential forms, as presented there, are shown in (47).

(47) The Polish data (following Kenstowicz & Kisseberth 1979)

Singular  Plural  Gloss Singular Plural  Gloss
a. klup klubi ‘club’ e. Jum Jumi ‘noise’
b. trup trupi ‘corpse’ f. dom domi ‘house’
c. 3wup swobi ‘crib’ g. 3ur 3uri ‘soup’
d. kot koti ‘cat’ h. bur bori ‘forest’

Solving this problem set requires the two rules in (48), applying in the order given.

(48) Rules required to solve the problem set in (47)

C
a. o-Raising: /o/ — [+high]/ __ +V0ice} #

—nasal

b. Word-final devoicing (WFD): [—sonorant] — [—voice] / _ #

The two rules in (48) are not particularly complicated, though vowel raising before a final voiced
consonant is very rare, perhaps unique.’' Nevertheless, their opaque interaction makes the problem
surprisingly difficult if one encounters it on a time-limited exam. The trick is to realise that an underlying
o raises before an underlying word-final voiced consonant, as seen clearly in the case of a non-nasal
sonorant, as in (47h). However, when the final voiced consonant is an obstruent, as in (47c), the raised
vowel only appears when the consonant has been devoiced, as in the singular, and is not raised when
the final obstruent is overtly voiced, as in the plural. The opaque interaction of these rules is shown in
the derivations in (49).

(49) Polish opaque derivation

UR a. /klub#/ b. /trup# c. /3wob#/ d. /kot#
o-Raising — — swub —
WFD klup — 3IWuUp —
SR [klup] [trup] [3wup] [kot]

31 As Kenstowicz (1994: 78) puts it, ‘the Polish raising rule cannot readily be assigned to a natural phonological category. It
is not a rule of assimilation, weakening, strengthening, enhancement, and so on. Polish raising typifies what Jan Baudouin de
Courtenay (1845-1929) called a sinnlos (“irrational”) alternation.” Nor does it adhere to the template in (10).
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6.2. A revised view of Polish vowel raising

The forms in (47) make for a great exam question, so difficult that it appears that Polish learners did not
all pass the test. According to Buckley (2001) and Sanders (2003), there are exceptions in both directions
to o-raising as formulated in (48a): some vowels followed by an underlying voiced consonant do not
raise, as in (50a)—(50d), and some vowels followed by an underlying voiceless consonant do raise, as
in (50e)—(50h).*?

(50) Exceptions to vowel raising (Buckley 2001; Sanders 2003)

UR SR Gloss UR SR Gloss
/batog/  [batok] ‘cowhide’
/xowd/ [xowt] ‘homage’
/tor/ [tor] ‘rail’
/xol/ [xol]  ‘lobby’

/stop/ [stup] ‘foot.GEN.PL’
/kop/  [kup] ‘heap.GEN.PL’
/robot/ [robut] ‘work.GEN.PL’

/e o o
5 0@ w0

/tsnot/ [tsnut] ‘virtue.GEN.PL’

To the lexical exceptions, Sanders (2003) adds experimental evidence showing that the o~u
alternation is not productive, and he joins Buckley (2001) in inferring that o-raising as formulated in
(48a) is not a synchronic rule in the grammar of Modern Polish. Sanders (2003: 57) concludes that ‘thus,
there is no need to analyze this case of opacity with a synchronic grammar’. Sanders (2003: 14) assumes
a strong form of lexicon optimisation (Prince & Smolensky [1993] 2004) without lexical minimisation;
on this approach, even predictable information is stored in the lexicon in order to make underlying
representations as close as possible to surface representations. Thus, he derives stems with alternating
o~u (actually o~u) from more than one underlying form; for example, swup ‘crib’ would derive from
underlying /3wup/ and swobi ‘cribs’ would derive from underlying /3wob-/.

Strong lexicon optimisation directly contradicts the morphophonemic principle in (5d) and related
assumptions, and treats many predictable phonological alternations as suppletion. In the theory assumed
here, the o~u alternation has to get some representation in a synchronic grammar.

Buckley (2001) proposes that Polish retains a rule raising a back vowel before a word-final
consonant, but that the voicing of that consonant is no longer relevant. He proposes rather that the
vowel that alternates between [0] and [u] cannot be either /o/ or /u/, neither of which alternate, but must
be a third vowel different from both of them. He proposes that this vowel, which he designates /O/, is
underspecified for [high]. We thus have the contrasts shown in (51).

(51)  Underspecified /O/ in Polish (Buckley 2001)
a. Stable /u/ [+high] e.g., krul-a ~ krul  ‘king’  /krul/
b. Stable /o/ [~high] e.g., gol-a~gol  ‘goal’” /gol/
c. Alternating /O/ [ high] e.g., mol-a ~mul ‘moth’ /mOl/

The merit of this proposal is that it posits three different vowels to account for three different
behaviours. It also reflects the historical developments that led to the current grammar. As recounted
in the sources (see Sanders 2003: 57—85), there was no historic raising of o before a word-final voiced
consonant. Rather, at an early stage, *o or *o lengthened before a word-final voiced consonant, perhaps
as a compensatory lengthening for the loss of a final jer. The lengthened o and short o subsequently
diverged in height, as [0:] vs. [0]. Later, long o shortened and merged with *u to u. So at a relevant
point, there were indeed three non-low back vowels: /o, 0, u/.

Buckley (2001) cites some precedents for his analysis (Kiparsky 1993; Buckley 1994; Inkelas et al.
1994). However, assuming CHT, I do not see a way to derive an /O/ underspecified for height that
would be in contrast with both [—high] /o/ and [+high] /u/. An /O/ unspecified for height can occur in

321 follow Sanders’s (2003) transcription, except for now I retain (o) from Kenstowicz & Kisseberth (1979) where Sanders
and others have (o); Buckley (2001) uses Polish orthography.
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ARCHIPHONEMIC fashion in contexts with a reduced number of contrasts, such as can arise, for example,
in unstressed positions (Spahr 2014) or in desinences (Dyck 1995). But this is not such a case.

I would slightly revise Buckley’s (2001) account. Following Sanders (2003) and others, I represent
the non-alternating non-high vowel as /o/. What learners would know is that the alternating vowel
surfaces as either [0] or [u] but is underlyingly distinct from both of them, because the latter do not
alternate. A contrasting vowel that surfaces as either [0] or [u] would most economically have features
close to both of these vowels (cf. the ‘intermediate’ segment of Wang & Hayes in press). Such a vowel
is /o/, which can be distinguished from /o/ by [+ATR] and from /u/ by [+high].

A partial feature hierarchy for the Polish non-low back vowels is given in (52), and (53) shows
sample derivations. When /o/ becomes [+high], the only destination is /u/. Elsewhere, unraised [—high]
/o/ must become [—~ATR].

(52) Partial contrastive hierarchy for Polish vowels: [high] > [ATR]

/\

[+high] [~high]

u/ /\

[+ATR] [-ATR]
/o/ /a/

(53) Polish derivations

UR a. /krul#/ b. /gol#/ c. /mol+a/ d. /mol#
0 — [+high]/_C# — — — mul
0—[~ATR] — — mola —
SR [krul] [go]] [mola] [mul]

7. Conclusion

There have been many attempts, from the taxonomic phoneme to the present day, to put limits
on abstractness in phonology, because it has been believed that abstract grammars are difficult or
impossible to learn. If that were indeed the case, then there would be good reason to restrict abstractness.
I have tried to show on the contrary that learners will be guided to acquire abstract analyses if their
innate cognitive endowment (UG) has certain principles. The required principles are not particularly
outlandish, but rather have underpinned much work in mainstream phonology, generative or otherwise.

There are, of course, generalisations that are not learned, as has been argued for the Polish example
in §6.2. In the other cases reviewed here, however, the non-abstract analyses attribute to learners
essentially the same generalisations as the abstract analysis. All accounts of Esimbi, for example,
assume that learners have discovered that the height of the prefixes is determined by features that are
somehow associated with the roots. Opacity in these cases is thus not a learning problem, but is rather
a concise way in the UG framework of reconciling conflicting signals in the data.

Lahiri (2002, 2020) has called attention to two types of PERTINACITY in phonology. In one type, output
forms remain the same despite underlying changes in the grammar; in the other, phonetic realisations
change but the grammar remains the same. Abstractness and opacity attest to a third type of pertinacity,
that of the phonology itself, which perseveres undeterred by complexity and conflicting signals. These
are inherent in the very nature of phonology, which is about how phonemes interact and affect each
other.
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