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Distinctive features are a hallmark of modern phonology, a core theoretical construct
present in linguistic theories as diverse as functionalist structuralism and formal genera-
tive phonology. However, despite decades of sustained research, it is still not clear what
features are, where they reside, and how they relate to phonetic substance. In this paper,
I propose features be conceptualized as neural circuits with three properties: distingu-
ishability, combinability and efficacy. The function of these circuits is to yield mental
representations of phonologically relevant aspects of speech. I also outline a neurolin-
guistic model of the phonology—phonetics interface called Cognitive Phonetics (CP),
which describes how features relate to phonetic substance during speech production. CP
proposes that each feature that comprises a surface phonological representation activa-
tes speech movements via two simple neural procedures. I show how CP can account
not only for the traditionally recognized infersegmental coarticulation, but also for the
previously less explored intrasegmental coarticulation, suggesting that the basic units of
speech production are transduced features.

Keywords: phonological features, neuroscience, Cognitive Phonetics, phonology—
phonetics interface, coarticulation

INTRODUCTION

Distinctive feature theory was initially outlined by Roman Jakobson in a
lecture delivered in 1928 (summarized in Jakobson, 1962: 3—6) and in an
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often-overlooked paper from the late 1930s (Jakobson, 1939), and was
subsequently elaborated by Jakobson, Fant & Halle (1952) and Jakobson &
Halle (1956). Features have played a central role in frameworks as diverse as
functionalist structuralism (where they originated from), formal generative
phonology (Chomsky & Halle, 1968; Volenec & Reiss, 2020), functionalist
generative phonology (Prince & Smolensky, 1993; McCarthy, 2002), functi-
onalist cognitive grammar (Nathan, 2008), and others. Indeed, phonological
features have withstood almost a century of empirical and theoretical scrutiny
and their impact on modern linguistics can hardly be overstated. Their postu-
lation is considered “to be a scientific achievement on the order of the disco-
very and verification of the periodic table in chemistry” (Jackendoff, 1994),
and “the view that speech sounds are not indivisible units but rather are com-
posed of smaller abstract categories called ‘distinctive features’ is considered
to be one of the most important advancements in phonological theory, if not
in all of linguistics, of the 20™ century” (Mielke & Hume, 2006: 730).

However, in the linguistics and phonetics literature, there is still no agree-
ment on the ontology of features: What are they? What is their nature? Where
and in what form do they reside? This lack of consensus can be illustrated by
contrasting two pervasive yet mutually incompatible perspectives on the nature
of features:

“Any empirical theory has to have a number of primitives which are definable
in terms of concepts which belong outside the theory. In the case of a phono-
logical theory, these are the prime features which are definable in terms of the
acoustic or physiological properties of sounds. Each of these features consists
of a single measurable property of a kind such that sounds can be said to have
this property to a greater or lesser degree. [...] They include features such as
Nasality, which is a single measurable property which sounds can have to a
greater or lesser degree.” (Vennemann & Ladefoged, 1971: 13)

“Features correspond to controls in the central nervous system which are
connected in specific ways to the human motor and auditory systems. In
speech perception detectors sensitive to the properties [...] are activated, and
appropriate information is provided to centers corresponding to the distinc-
tive feature[s] [...]. This information is forwarded to higher centers in the
nervous system where identification of the utterance takes place. In producing
speech, instructions are sent from higher centers in the nervous system to
the different feature[s] [...] about the utterance to be produced. The features
then activate muscles that produce the states and configurations of different
articulators.” (Halle, 1983/2002: 109-110)

The first definition localizes features at the level of acoustics and arti-
culation, explicitly stating that they are aspects of phonetic substance. The
second definition treats features as purely mental units and situates them in
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the central nervous system, clearly differentiating them from phonetic sub-
stance. So, where can a scientist hope to find features? In the movements of
the articulators, in the sound waves, in the brain, somewhere else? Clearly,
by not determining the ontological status of features, progress is impeded
in accounting for the representation and use of spoken language, be it from
a phonological, phonetic, psycholinguistic or neurolinguistic perspective
(Poeppel & Embick, 2005; Poeppel et al., 2020). Therefore, in order to make
these domains more commensurable, this paper addresses two fundamental
research questions regarding phonological features: What kind of thing is a
feature? What is the relationship between features and phonetic substance?

FEATURES AS SYMBOLS IN THE BRAIN

There is a long tradition in phonology that assumes features are abstract men-
tal units that have a lawful but highly indirect relation to phonetic substance:

“Considerations of this nature [that languages do not make free use of acoustic
values or articulatory properties] were much in our minds [...] when Jakobson,
Fant and I were working on Preliminaries to Speech Analysis, and it was these
considerations that led us to draw a sharp distinction between distinctive fea-
tures, which were abstract phonological entities, and their concrete articulatory
and acoustic implementation. Thus, in Preliminaries we spoke not of ‘articu-
latory features’ or of ‘acoustic features’, but of ‘articulatory and/or acoustic
correlates’ of particular distinctive features.” (Halle, 1983/2002: 94)

As phonology in the 20™ century progressed from the taxonomic and
mostly anti-mentalist structuralism to the cognitively and neurobiologically
oriented generative perspective (Fischer-Jorgensen, 1975: §9; Anderson,
1985: §12; Volenec, 2020: §2), attempts were made to connect feature theory
to human neural structures:

“In articulatory terms each feature might be viewed as information the brain
sends to the vocal apparatus to perform whatever operations are involved in the
production of the sound, while acoustically a feature may be viewed as the infor-
mation the brain looks for in the sound wave to identify a particular segment as
an instance of a particular sound.” (Kenstowicz & Kisseberth, 1979: 239)

In this paper, I propose that continuing this mentalistic tradition and shar-
pening its claims about the neurobiological reality of phonological features
has positive consequences for the study of phonology, phonetics, and their
interface. Specifically, I aim to show how features can be productively
explored from the perspective of cognitive neuroscience (Poeppel & Embick,
2005; Mildner, 2008; Gallistel & King, 2009; Poeppel, 2012; Embick &
Poeppel, 2014; Kemmerer, 2023).
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According to Gallistel and King (2009: 72), the atomic elements of mental
representations are called symbols. These are “physical entities in a physi-
cally realized representational system”, where the physical system in the case
of phonological symbols, and all other cognitive symbols, is the human brain.
Thus, the working hypothesis here is that phonological features are symbols
realized in the human brain. The function of these symbols is to encode, or
represent, phonologically relevant aspects of speech. In speech production,
they instruct the motor system to carry out the appropriate articulatory move-
ments (Volenec & Reiss, 2017). In speech perception, they are used to decode
and parse the incoming utterance into linguistic units (Monahan et al., 2022).
The common properties of all neural symbols are (at least) distinguishability,
combinability and encoding efficacy.

The standard assumption in cognitive neuroscience is that different sym-
bols are distinguished by place coding of neural activity, rate coding, time
coding, or, most likely, some combination of those (Kemmerer, 2023: 8-9).
Of course, we are still far from being able to state precisely how features qua
neural symbols are realized in the brain, but experimental studies are consi-
stently emphasizing the importance of neural circuitry in the superior-most
part of the superior temporal gyrus (STG), superior temporal sulcus (STS),
and Brodmann (BA) areas 44 and 6 (Figure 1).

Cerebrum

Cerebellum

Figure 1. Regions of the human brain (left hemisphere) where phonological features are
assumed to be encoded. Brodmann area (BA) 44 is part of Broca’s area. BA 6 is part of the
premotor cortex. STS = superior temporal sulcus; STG = superior temporal gyrus. Image
adapted from Bear et al. (2016: 222).
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The representations of articulatory correlates of features are encoded in the
posterior inferior frontal gyrus of the left hemisphere, traditionally known
as Broca’s area (Okada et al., 2018). More specifically, Hickok (2012: 138)
reports that pars opercularis (BA 44) and the ventral-most part of BA 6
store articulatory programs needed to reach the auditory targets imposed
by features, as depicted in Figure 1. These auditory targets, i.c., the repre-
sentations of auditory correlates of features, are encoded in the STG and
the STS, approximately corresponding to the encircled area on the right in
Figure 1. Mesgarani et al. (2014) showed that acoustic phonetic information
is represented in the STS and is distributed along five distinct areas, each
corresponding to a general ‘manner of articulation’ parameter. By measuring
the responses in implanted electrical cortical grids placed along the superi-
or-most part of the temporal gyrus, they found that one electrode responded
selectively to stops, one to sibilant fricatives, one to low back vowels, one to
high front vowels and a palatal glide, and one to nasals. Similarly, Bouchard
et al. (2013) constructed an auditory-based ‘place of articulation’ cortical
map in the STG, confirming labial, coronal and dorsal place features with
different electrodes, and cutting across various manner classifications. Using
magnetoencephalography (MEG), Scharinger et al. (2012) localized three
vowel features — height, frontness and rounding — in different parts of the
STG. Using functional magnetic resonance imaging (fMRI) and multivoxel
pattern analysis, Arsenault and Buchsbaum (2015) showed that neural repre-
sentations corresponding to the categorical features of voicing, manner of
articulation, and place of articulation are distributed bilaterally throughout
the secondary and association areas of the STG.

Features gua neural symbols also meet the criterion of combinability. A
cornerstone of modern phonology is the notion that features can be grouped
into sets to construct higher-level, non-atomic data structures (Chomsky &
Halle, 1968; Kenstowicz, 1994; Volenec & Reiss, 2020). An unordered,
unstructured set of features constitutes a phonological segment, while a par-
ticular organization of segments constitutes a data structure of the next higher
level, namely a syllable. This combinability of features allows phonology to
construct complex symbols from an inventory of simple parts, and provides
an explanation for natural class behavior: different structures can behave
alike because they contain identical substructures.

Features are also an efficacious way of encoding information, since their
combining leads to combinatoric explosion (Reiss & Volenec, 2022). For
example, if we assume that the brain stores and uses only 30 binary features
with the possibility of underspecification, then from this small set of primiti-
ve symbols we can construct 3* or about 206 trillion different segments. Of
course, the richness that arises from feature combinability should not be taken
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to imply that any particular language should come close to exploiting the full
range of possibilities. Instead, what we expect to find in particular languages
is in line with the traditional view of feature combination: “No language
has as many phonemes as there are possible combinations of the utilized
distinctive features” (Halle, 1954: 209). A positive consequence of this com-
binatoric explosion is that such richness goes a long way toward eliminating
the need for a phonetic module of grammar that is specific to each language
(as in Keating, 1984, 1990; Scheer, 2020), which simplifies the sequence of
conceptual steps needed to account for the externalization of language (see
Volenec & Reiss, 2020, for elaboration).

Recent neuropsychological studies have shed light on some other aspects
of features that are significant for phonological theory, namely their dis-
creteness, binarity, and potential underspecification. By eliciting magnetic
mismatch fields in an oddball paradigm, Phillips et al. (2000) have shown that
the left hemisphere STG has access to representations of discrete and binary
phonological categories. In other words, their study has “demonstrate[d] the
all-or-nothing property of phonological category membership” (Phillips et
al., 2000, 1038), where this category membership is determined on the basis
of phonological features and not on the basis of general categorical audi-
tory perception. This finding contradicts the claim that gradient articulatory
gestures serve as basic units in phonological computation (as in Browman
& Goldstein, 1989). Furthermore, Scharinger et al. (2016) found that a less
specified vowel compared to its more specified counterpart resulted in stron-
ger activation in the left STS, thus providing some insight into the neural
underpinnings of phonological underspecification. Accordingly, Lahiri &
Reetz (2010) claim that the phonological forms of words can also be stored
in the mental lexicon with featural underspecification, citing evidence from
language change, psycholinguistic, and neurolinguistic data.

Even though, as we can see, some progress has been made in discovering
the neural reality of features, we are still far from being able to refer to par-
ticular features by stating their exact neurobiological substrate, and therefore
have to resort to using symbols (labels, names) to refer to symbols. So when
we write, for example, “labial”, we use a sequence of letters to form a sym-
bol for a particular feature, which in turn is also a symbol, just in the brain.
In other words, “labial” is a non-neural symbol for a neural symbol. We, the
researchers, need these phonetic labels to know what we are talking about;
the brain does not. The brain does not need such phonetic labels because the
transduction algorithms at the phonology—phonetics interface (see section 4
below) interpret the identity of a feature by the place of the neural activity in
the brain and its temporal properties (Khalighinejad et al., 2017). This is simi-
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lar to how a computer does not retrieve the identity of a symbol solely on the
basis of its form (1s and 0s), but rather by combining the information about
the form with the location and context in the memory (Gallistel & King,
2009: 73). Possibly, the actual form of all features is the same — a neural spike
(i.e., an action potential). But more importantly, the unique location of the
spike, and the rate of its repetition, is how the transducer determines the iden-
tity of the feature and ‘knows’ which neuromuscular program (e.g., labiality
and not, say, nasality) to assign to it. It can of course be debated whether it is
misleading or not to use phonetic labels such as “labial” to refer to features
qua neural symbols, and whether there is a better solution to this (cf. Sheer,
2020: 213). But a decision on this issue has no bearing on the actual nature
of features: the neural symbol is, of course, the same irrespective of whether
we refer to it as “labial” or by using a non-phonetic label such as “feature 6”.

PHONOLOGICAL FEATURES ARE DEVOID OF PHONETIC
SUBSTANCE

The symbolic nature of a symbol is that it stands for something else, somet-
hing that is not the same as the symbol. That for which a symbol stands, that
which it represents, is variably called its referent, or correlate, or the repre-
sented. Phonological features are symbols that refer to aspects of speech. For
example, the feature NASAL is a symbol in the brain (a particular neural
circuit) that refers to the flowing of air through the nose during speech. Here,
it is of utmost importance not to “make the common mistake of confusing
the symbol with what it represents” (Gallistel & King, 2009: 56) because
“the tendency to confuse symbols with the things they refer to is so pervasive
that it must be continually cautioned against” (Gallistel & King 2009: 62).
There is a connection between phonological features and speech, but this
connection is complex and indirect (see section 4 below), and features do not
encode speech-related information in any straightforward way. In linguistics,
information related to speech is called phonetic substance (Hjelmslev, 1943;
Hale & Reiss, 2000, 2008). It is the totality of the articulatory, acoustic, and
auditory properties and processes that constitute speech. For example, pro-
perties and processes of speech such as movements of the tongue, values of
formants, loudness, duration expressed in milliseconds, etc., fall under the
rubric of substance. Since features are symbols physically realized in the
brain, they cannot contain phonetic substance. In other words, features are
substance-free. Believing that features ‘are’ substance or that they ‘contain’
substance (e.g., Ohala, 1990: 162; Flemming, 2001: 9-10) is just an instance
of the aforementioned mistake of confusing the symbol with what it repre-
sents.
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It should also be emphasized that the substance-free nature of features is
confirmed by ample evidence from neuroscience. Phillips et al. (2000: 1040)
have concluded that “there is good reason to distinguish the acoustic and
phonetic representations that underlie categorical perception from the dis-
crete phonological category representations involved in lexical storage and
phonological computation,” and that when it comes to phonological compu-
tation, “all within-category contrasts are lost: e.g., all different tokens of /d/
are treated by phonological processes as exactly the same”, irrespective of
the phonetic substance that is indirectly associated with the bundle of features
that we conventionally label as /d/. Magrassi et al. (2015) have shown that
the activity of language areas in the brain is organized in terms of features
even when language is generated mentally before any utterance is produced
or heard, that is, when there is no phonetic substance whatsoever. Similarly,
Okada et al. (2018) have conducted an fMRI investigation of silent word
sequence production (i.e., the subjects read words in their minds) where the
stimuli (different words displayed one after another on a screen) varied in
the degree of featural similarity in consonant onset position. The experiment
confirmed a featural organization of investigated word sequences in absence
of overt speech. These studies suggest that phonological features cannot be
equated with the phonetic correlates that are typically associated with them,
which is to say that features and phonetic substance are two different things.

As substance-free symbols, features do not contain information on the
temporal coordination of muscle contractions, on the spectral configuration
of the acoustic target to be reached, and so on. Yet without this information,
the respiratory, phonatory, and articulatory systems cannot produce speech.
The sensorimotor (SM) system which is in charge of speech production requ-
ires information about substance and time in order to arrange the articulatory
score (Levelt et al., 1999; Guenther, 2016; Hickok, 2019), so this information
has to be integrated into a representation before being fed to the SM system.
Therefore, it is necessary to posit a transduction component that connects
phonological competence with the vastly different SM system. The theory
of that component and the component itself are called Cognitive Phonetics
(Volenec & Reiss, 2017; Reiss & Volenec, 2022).

COGNITIVE PHONETICS: FROM SUBSTANCE-FREE
FEATURES TO PHONETIC SUBSTANCE

Cognitive Phonetics (CP) is a neurobiologically grounded theory of the
phonology—phonetics interface. It proposes that the phonology—phonetics
interface consists of at least two transduction procedures that convert the
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substance-free output of phonological grammar into a representational format
that contains substantive information required by the SM system to externali-
ze language through speech.

The inputs to CP are the outputs of phonology, i.e., surface phonological
representations (SRs). SRs are strings of segments, each of which is a set of
features. Each feature of SRs is transduced and subsequently receives inter-
pretation by the SM system (see Lenneberg et al., 1967: §3 for an historical
antecedent). This transduction is carried out by two ‘algorithms’ in the sense
of Marr (1982: 23-24). The paradigmatic transduction algorithm (PTA)
relates a feature (a symbol in the brain) to a motor program which specifies
the muscles that need to be contracted in order to produce an appropriate aco-
ustic effect. The syntagmatic transduction algorithm (STA) determines the
temporal organization of the neuromuscular activity specified by the PTA. In
simpler terms, PTA assigns muscle activity to each feature, STA distributes
that activity temporally. These transduction algorithms yield an output repre-
sentation of CP, which then feeds the SM system. The output of CP is called
the phonetic representation (PR), and it can be defined as a complex array
of temporally coordinated motor programs that activate muscles involved in
speech production.

The standard generative schema of phonological competence can now be
expanded to accommodate the transduction performed by CP, transforming
it into a more complete ‘speech chain’ shown in Figure 2.

underlying phonological representation
operational part of phonology (ordered rules)
surface phonological representation

A O
$ 2,
$
$ )
] &
cognitive phonetics (PTA & STA) <
%
o)
%
2
@

)
& i
.§ phonetic representation
& l
Q,

the sensorimotor system

Figure 2. Cognitive Phonetics is a transduction system that connects phonological
competence (in gray) and spoken linguistic performance (in black).
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The gray parts of the schema represent phonological competence, while
the black parts correspond to the initial phonetic steps in speech production.
That is, the difference in shading parallels the competence—performance
dichotomy: phonology is competence, cognitive phonetics is (one component
of) performance. Figure 2 shows that what is loosely referred to in the litera-
ture as “the phonetic form” (Chomsky, 1986: 68) or “the externalization of
language” (Chomsky et al., 2017: 16) has a sophisticated internal structure.

To clarify the effects of PTA and STA, we can explore in some detail the
transduction of a few simple SRs (see Volenec & Reiss, 2019 for further
examples). We will see that PTA and STA have considerable implications:
they open the possibility of elegantly accounting for subtle yet systematic
interactions of two kinds of coarticulatory effects, which is only possible if
we assume that the basic units of speech production are indeed transduced
phonological features.

Suppose that a language contains SRs [lok] and [luk]. Each segment is a set
of features, and vowels [0] and [u] both contain the valued feature +ROUND,
on which we will focus. One thing that should be noticed is that [o] and [u]
are different in terms of height: [o] is —HIGH, [u] is +HIGH. The PTA takes a
segment, scans its feature composition and determines the required muscular
activity for the realization of every feature. Roughly, for tROUND the PTA
activates at least four muscles — orbicularis oris, buccinator, mentalis, and
levator labii superioris (Seikel et al., 2019) — which leads to lip rounding. The
difference in PTA’s effect on —HIGH and +HIGH is that for the latter, the
algorithm raises the tongue body and the jaw, while it does not for the former.

While transducing +ROUND, the PTA takes into account the specification
for HIGH and assigns a slightly different lip rounding configuration for [o]
than for [u]. Let us refer to a transduced feature, which we take to be the
basic unit of speech production, as ‘PR_’, where ‘PR’ stands for ‘phonetic
representation’ and ‘F’ stands for an individual valued feature. So, PR,
is the transduced feature +fROUND. We can now say that PR = will be
different for [0] because of its interaction with PR_ .. than for [u] because
of its interaction with PR .. Since these interactions involve transduced
features within a single segment, [0] or [u], we can refer to these effects as
intrasegmental coarticulation. The PTA accounts for intrasegmental coar-
ticulation by assigning a different neuromuscular schema depending on the

specification of features from the same segment.

Let us suppose further that, while determining the durational properties of
transduced features, the STA temporally extends PR, ., from the vowel
onto the preceding consonant, i.e., in the anticipatory direction. This amounts

to the more familiar intersegmental coarticulation (Volenec, 2015; Mildner,
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2018; Liker, 2024), where transduced features from different segments inte-
ract. Returning to SRs [lok] and [luk], two things are now apparent: first,
PR ounp 18 different for [o] than for [u] due to its intrasegmental coarticula-
tion with PR, .; second, [1]’s inherent PR_, |\ is now temporally overlap-
ping with the PR, = from the adjacent vowels because of intersegmental
coarticulation. It is important to note that the difference in PR, from
[o] and PR, ., from [u] will be reflected on the preceding consonant: [I]
in [lok] will be articulated differently with respect to lip rounding than [1] in
[luk]. Indeed, these differences can clearly be observed in Figure 3. Thus, [I]
simultaneously bears the effect of both intra- and intersegmental coarticula-

tion.

Figure 3. Left picture shows the articulation of lip-rounded [1] in [luk]. Right picture
shows the articulation of lip-rounded [l] in [lok]. The lip-rounding difference is due
to intrasegmental coarticulation inside of the vowels: the realizations of +HIGH and
+ROUND are coarticulated in [u], while the realizations of —-HIGH and +ROUND
are coarticulated in [o]. These different lip-rounding gestures are then extended from
the vowels in the anticipatory direction to influence [l], which is a familiar type of
intersegmental coarticulation.

CP allows us to account for such subtle yet systematic phonetic variations
in an explicit and straightforward way — they follow automatically from PTA
and STA, which are independently motivated by the need for transduction.

CP’s transduction is universal (non-language-specific) and deterministic,
which means that it assigns the same neuro-muscular program to each feature
every time that feature is transduced. This also includes all cases of feature
combinations that lead to intra- and intersegmental coarticulation. CP thus
makes another empirically testable prediction: in principle, given a full and
correct list of features, it should be possible to exhaustively describe all
possible intra- and intersegmental coarticulatory effects just by using the two
algorithms proposed by CP.
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It should be stressed that CP’s outputs, phonetic representations, should
not be equated with actual articulatory movements or with the acoustic output
of the human body. What is actually pronounced is further complicated in the
process of language externalization by a great number of factors (Chomsky
& Halle, 1968: 3; Boeckx, 2010: 78). Transduction is accompanied by other
performance factors that have no bearing on either phonology or transduc-
tion, factors like muscle fatigue, degree of enunciation, interruptions due to
sneezing, trying to achieve a certain intensity level, and many other situati-
onal effects, all of which will have an effect on the final output of the body,
and will therefore make (co)articulatory variation seem even greater. For that
reason, it is not the case that the articulatory and the concomitant acoustic
substance will always be identical for each feature or feature combination.
However, this apparent “lack of invariance” (Applebaum, 1996: 1541) in the
realization of a cognitively invariant category is not a matter of transduction,
but rather is a result of accidental performance factors.

A BRIEF OUTLINE OF THE NEUROBIOLOGICAL
FOUNDATION OF COGNITIVE PHONETICS

In this section, I will briefly state the neural circuits that correspond to pho-
nological features, to the transduction operations of CP, and to the realization
of transduced features by the primary motor cortex. These neural mechanisms
are graphically represented in Figure 4.

The activity in parts of the inferior frontal gyrus (IFG) corresponds to the
representations of the articulatory correlates of features (Eickhoff et al., 2009;
Hickok, 2012), while the activity in parts of the superior temporal gyrus (STG)
and sulcus (STS) corresponds to the representations of the auditory correlates
of features (Hickok & Poeppel, 2007: 398; Bouchard et al., 2013). An area
in the Sylvian fissure at the boundary between the parietal and the temporal
lobe (Spt) unifies these two aspects into a complete symbol, a feature (Hickok
et al., 2009; Gow, 2012). The symbols are transmitted to the anterior insula
(Dronkers, 1996; Blumstein & Baum, 2016) where the PTA is carried out,
and to the cerebellum and the basal ganglia (Jueptner & Krukenberg, 2001;
Ackerman et al., 2007) where the STA is carried out. The PTA and the STA
are integrated in the anterior part of the supplementary motor area (pre-SMA)
(Alario et al., 2006; Bohland et al., 2010) to form the phonetic representation,
which is a set of neural signals that the primary motor cortex (PMC) sends to
the effectors that produce speech.
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Execution via SPEECH
effectors PRODUCTION
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Figure 4. The neurobiological basis of phonological features and of the phonology-
phonetics interface, as proposed by the theory of Cognitive Phonetics. IFG = inferior
frontal gyrus; BA = Brodmann area; STS = superior temporal sulcus;, STG = superior
temporal gyrus, Spt = a cortical structure in the posterior part of the Sylvian fissure at
the boundary between the parietal and temporal lobes;, PTA = paradigmatic transduction
algorithm; STA = syntagmatic transduction algorithm; pre-SMA = anterior part of the
supplementary motor area; PMC = primary motor cortex.
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CONCLUSION

In this paper, adopting a cognitive neuroscience perspective, I proposed
that features should be conceptualized as neural symbols with three proper-
ties: distinguishability, combinability and encoding efficacy. The function of
these symbols is to yield mental representations of phonologically relevant
aspects of speech. In speech production, they instruct the motor system to
carry out the appropriate articulatory movements, while in speech perception,
they are used to decode and parse incoming utterances into linguistic units.

I also outlined a neurolinguistic model of the phonetics—phonology inter-
face called Cognitive Phonetics (CP), which describes how features relate
to phonetic substance during speech production. CP proposes that each fea-
ture that comprises a surface phonological representation activates speech
movements via two simple neural procedures: the paradigmatic transduction
algorithm and the syntagmatic transduction algorithm. I showed how CP can
account not only for the well-known intersegmental coarticulation, but also
for the previously less studied infrasegmental coarticulation, suggesting that
the basic units of speech production are transduced features.

CP, as presented in this paper, has several limitations that need to be addre-
ssed in future work: How exactly does the kinematic implementation of PTA
and STA work? How does CP relate to (and to what extent is it compatible
with) other neurobiologically grounded theories of speech production such
as DIVA? How can CP account for those patterns that have been deemed as
examples of so-called ‘language-specific phonetics’? How do we arrive at a
stage where we can actually identify particular neural circuits that correspond
to phonological features?
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