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This chapter describes the results of several phonological and phonetic research
projects investigating the system of secondary articulations found in Twi, in par-
ticular the extensive combinations of secondary articulations found with different
fricatives. These patterns give evidence of a historical source for the secondary ar-
ticulations as lying in the interaction between vowel articulations superimposed
on various obstruent articulations, and how these affect acoustic output patterns.
The chapter goes on to describe ongoing research into the relative timing of conso-
nant and vowel articulations in speakers of Twi, by means of rhythmic metronome
repetition tasks.

1 Introduction

As alinguistics professor at the University College London and then at the School
of Oriental and African Studies (SOAS) from the 1920’s to the 1950’s, J. R. Firth’s
take on phonological analysis was and remains somewhat unusual in the context
of modern linguistics. The crux of Firth’s approach to phonological systems, vis-
a-vis the more common approaches found especially in the American academy,
is an insistence that phonological systems are multisystemic, and on the phono-
logical side, that one cannot assume that particular phono-segmental structures
exist before one begins to work with a language. The approach asserts that once
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one begins looking at larger spans of time, one finds that language users express
many different facets of meaning beyond just the lexical contrasts that comprise
the morpho-syntactic structures linguists typically examine.

As noted above, the Firthian approach to phonological systems questions some
of the basic assumptions of many traditional phonological models. The most ob-
vious divergence from what we typically expect of such systems is a skepticism
about the segment. In many ways, the Firthian approach prefigured the move to-
ward multi-tiered representations which began to be popularized in Goldsmith
(1976). While structuralist analyses of the Bloomfieldian tradition focused on iso-
lating categories of contrasts from which languages build a lexicon, and tended
to represent the signal as a sequence of such categories, these alternative repre-
sentations opened up the possibility of segments arising from the bundling of
various properties which may have different temporal spans. Such research has
highlighted languages with harmonic systems, like Turkic and Uralic vowel har-
mony systems, and the Tupi nasal harmony systems found in South America,
with the point being that one does not get segments for free as some necessary
building block of language.

Perhaps the most read phonological work from the 1960s, and certainly the
most read work on English phonology, The sound pattern of English (Chomsky &
Halle 1968), was particularly notable for its persistent attempts to remove any ref-
erence to non-segmentally organized information from the lexicon. In this work,
prosodic stress was argued to be predictable, and hence, unnecessary. Tone was
only referenced in passing, and syllabic organization was also done away with.
Ideas laid out in Davis (1988), however, document many reasons why we need
to understand these prosodic phenomena, especially stress and syllabification, in
order to make sense of phonological systems, including the English phonological
system.

In this Firthian tradition, de Jong & Obeng (2000) illustrate via Twi, a variety of
Akan, aspects of the language’s segmental phonology that bear upon our under-
standing of the fundamental units of speech and the cross-linguistic relationship
between segments and prosodic structure. The current paper revisits this work
and expands upon its findings through novel research on the relative timing of
consonant and vowel articulation as explored through rhythmic metronome rep-
etition tasks.

1.1 Twi fricatives and affricates

Twi boasts 11 different fricative qualities in our first survey of the system: [f; s, ¢,
h, f1, ¢, ¥, s¥, h¥, s%, ¢"]. A brief summary of examples from the Asante variety
is laid out in Table 1, cross-classifying the examples by primary articulation in

10



2 From co-occurrence patterns to rhythmic alignment

the rows, and secondary articulations shaping those primary articulations in the
columns. These examples are from de Jong & Obeng (2000: 686—-687).

Table 1: Examples of contrasting fricatives in Asante Twi

Plain Palatalized Labialized Labio-palatalized
fa ‘to take’  fla ‘to embellish®  f"a ‘to endorse’ -
sa ‘to dance’ @sa ‘tree sp’ s¥a ‘to carry s'a ‘to carry

on one’s head’  one one’s head’
¢i ‘toburn’ - ¢¥a ‘scrotum’ ¢‘a ‘scrotum’
ha ‘here’ - h™a ‘whack!’ -

In analyzing the system further, there are complicating irregularities concern-
ing the idea that the Twi sound system includes eleven different fricative seg-
ments, and these irregularities come in three categories.

First, many of these fricatives are associated with secondary articulations, as
explicated in the layout of Table 1. While there are four basic articulations, one
labial, two coronal, and one glottal (or possibly dorsal), the addition of palatal-
ization, lip rounding, and even a combination of palatalization with lip rounding
— labio-palatalization — are what expands the inventory of qualities from four to
the impressive eleven.

Second, these secondary articulations are distributed in a way that is not in-
dependent of the primary articulation. Co-occurrence restrictions are fairly com-
mon in phonological systems, but the particular patterning in Twi is not typical.
For more on the complexities of secondary articulations and their phonotactic
basis, see Ofori’s chapter 2 in this volume. As Ofori discusses, there are some
constraints in Akan on segmental combinations that one can broadly ascribe to
OCP constraints (see Leben 1973, and an extensive thread of following research)
which insist that two collocated items differ from one another. One example of
this in Akan is the following: a palatalized articulation cannot combine with any
dorsal articulation. However, most other constraints do not fit this pattern, for
example those involving lip rounding. Typologically, the most typical restriction
on rounding combining with consonantal articulation is a proscription of labial-
ization from combining with labials. Thus, [f*] is typologically rare. However, it
is perfectly fine in Twi systems. Similarly, labio-palatalization only occurs with
primary coronal articulations [¢" s'], those most similar to the palatal element
in the secondary articulation. This labio-palatalization, however, is not just a
secondary property of the palatal articulation on the alveolo-palatal fricatives,
because it also appears with the alveolar sibilant.
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Third, these fricative articulations also exhibit a complex pattern of co-occur-
rence with the following vowel; again, see an impressive array of examples speak-
ing to this fact in Ofori’s chapter in this volume. This pattern of co-occurrence
suggests strongly that, at least historically, the large array of fricatives in Twi
have arisen partly due to consonants interacting with the vowel system. That
is, the current consonant system reflects patterns of organization at roughly the
syllabic level, which is where consonants and following vowels are organized
into a production complex. De Jong & Obeng’s (2000) investigation into these ir-
regularities in segmental make-up and contextual constraints led them back into
the question of syllabic organization as a root cause for their occurrence. Specif-
ically, the integrated system of consonants in Twi appears to be the outcome
of contrasts in the vowel system migrating into the consonant system. In this
process of migrating, the system takes on a very different shape, since the acous-
tic space in which obstruents are articulated is very different from the acoustic
space that the vowel contrasts came from. I next turn to the evidence for this sort
of migration.

1.2 Phonotactic restriction and evidence for vowel migration

Akan vowel systems are all quite similar, with each language typically exhibiting
ten vowels, composed of a five-vowel system, each vowel having a [+ ATR] pair.
With respect to the consonant system, the ATR contrasts are essentially irrele-
vant, so the patterns can be more simply grasped by treating the vowel system as
having five vowels. In this five-vowel system, the high and mid vowels pattern
similarly, so there are three categories of vowels to be considered: front vowels
([i/1] & [e/e]), back, rounded vowels ([u/ss] & [0/5]), and low vowels ([a/a]). The
patterns of co-occurrence found with the fricatives also extend, with some minor
variations, to the plosives in the language, so the effects described here affect the
entire obstruent system.

Looking at obstruents occurring before front vowels, one notes a systematic
gap, that posterior consonants do not appear before front vowels. Similarly, pos-
terior consonants ([k g h]) exhibit only a two-way contrast in secondary artic-
ulations; they systematically exhibit minimal contrasts in rounding, but never
contrasts in palatalization. This gap strongly suggests that any historical con-
trastive front vowel elements that appeared after the posterior consonants have
been incorporated into the consonant system in the form of primary distinctions
between alveolo-palatal consonants and velar/glottal consonants. Or, more di-
rectly:

12



2 From co-occurrence patterns to rhythmic alignment

(k] + [i/1] > [te]
(g] + [i/1] > [dz]
(h] + [i/1] > [¢]

Obeng (p.c.) has recently mentioned that there are older speakers in his mem-
ory with productions reflecting the earlier form of the language before this
posited change, so the time-depth of this process would be in the early 20th cen-
tury. The resulting co-occurrence pattern is not completely consistent, as there
are a small number of current forms such as [kita] ‘to hold, but by-and-large the
velars and glottals do not appear before front vowels or with palatal secondary
articulations.!

This hypothetical historical pathway to the alveolo-palatal series, then, further
suggests a historical source for the labio-palatalization articulations as coming

from rounded dorsal consonants appearing before front vowels, or more directly:

[k*a] + [if] > [t€"]
[g"] + [iA] > [de"]
[h] +[i/1] > [¢')

That is, the labio-palatal articulation is actually, at least historically, a combina-
tion of previous consonant rounding and palatal articulation from the following
vowel, both becoming incorporated into a complex secondary articulation of the
consonants.

This overall conjecture about the dorsal series and front vowels is further
borne out by the complicated system appearing before low vowels. The low
vowel context exhibits the greatest number of contrasting secondary articula-
tions on the obstruent. For labial and alveolar consonants before [a/a], there is a
systematic, three-way contrast in plain, labial, and palatal. Minimal pairs exhibit-
ing these secondary articulation contrasts are readily available; with [b], [d], and
[t], there’s a systematic four-way lexical contrast, as exemplified in (1) with [t].

(1) a. ta ‘to plaster’
b. t/a ‘to step on’
t"a ‘bottle’

Ao

t'a ‘to pay’

't is possible that these exceptions are the result of subsequent changes or borrowings, which
obscure the overall pattern.
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However, with posterior consonants, alveolo-palatal, and velar/glottal, there
is largely only a two-way contrast. Alveolo-palatal consonants contrast plain
vs. labio-palatal, while velars and glottals contrast plain with rounded, as in (2).
Palatalization does not co-occur with posterior consonants before [a], as in (3).

(2) a. dza ‘toleave behind’
b. dz"a ‘to butcher’
* dz'a
*dz%a
ha ‘here’
*h'%
* hia

d. h"a ‘whack!

&~ 0

ISR

e

Putting all these pieces together, it appears that the systematic, two-way
rounding contrast in consonants before [a] can be split into a four-way contrast
by incorporating an intervening [i] vowel: [ta] contrasting with ([t] + [i/1] + [a]>)
[t'a], and [tVa] contrasting with ([t¥] + [i/1] + [a]>) [t'a]. Posterior consonants
also contrast in rounding, alveolo-palatals contrasting plain with labio-palatals,
and velars/glottals contrasting plain with rounded. However, since the palatal
element of the front vowel has already been incorporated into the primary artic-
ulation system, it is not available anymore to divide the secondary articulation
contrasts. So, [ta] < [t'a], and [ta] < [t'a], but [ga] < [dza], and [g"a] =
[dz"a].

The final piece to this story concerns the rounding contrast itself. This round-
ing systematically does not contrast before back vowels, except in the case of
labio-palatal contrasts in the alveolo-palatal consonants in some varieties, such
as Akwapem: [dzo]  to cool’ vs. [dz"ow] ‘to harvest palm nuts. A sense of lin-
guistic neatness would suggest a similar source for the rounding secondary ar-
ticulation and the palatal secondary articulation. If the palatalization arises as
incorporation of a front vowel articulation into the consonant system, then per-
haps consonant rounding could also be the result of the incorporation of a back
vowel into the consonant system. The suggested historical patterns with example
anterior and posterior obstruents, then, are summarized in Table 2.

To sum up, all this patterning might suggest that the whole secondary articula-
tion system is actually better thought of as a vowel system with the peculiarity of
being articulated in conjunction with the consonants. Or, to put it another way,
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2 From co-occurrence patterns to rhythmic alignment

Table 2: Posited sources for contrasting fricatives in Asante Twi

Posited historic source  Current form

s+a sa
h+a ha
s+i+a sla
k+i+a ca
t+u+a s¥a
k+u+a h%a
t+u+i+a s'a
k+u+i+a ¢'a

maybe the co-production pattern of vowels and consonants is systematically dif-
ferent from what one expects from other languages, and so, the main difference
between Kwa languages like the Akan varieties and, for example, Indo-European
languages, is a different kind of syllabic organization of the contrasting elements.
Here, we call the organization syllabic, because it is the syllabic level that coor-
dinates the production of consonant and vowel articulations.

1.3 Phonetic factors in syllabic organization in Twi

In this line of inquiry, a first question is why the non-low vowels might appear in
such close temporal proximity with the onset consonants in the first place. What
is it about these languages that has encouraged the development of what look
like complex consonants out of consonant + vowel sequences?

A second, related question is whether these consonantal complexes are ac-
tually just consonants and vowels, and not complex consonants at all. That is,
could the current production patterns actually better be thought of as an acci-
dental acoustic byproduct of syllabic organization, without reference at all to
the segmental structure of the consonant system? Leading in this direction is the
presence of a lot of apparent variation in the production of secondary articula-
tions. Rounding sometimes varies with labio-palatalization, as in [p“ie] ~[p'ie]
‘to exit, and palatalization varies with an actual vowel, as in [sie] ~[s’e] ‘to bury’

This second line of questioning, however, does not seem entirely explanatory
of the situation, since there are examples of lexical items which violate the co-
occurrence patterns expected, if the whole secondary articulation pattern is just
the systematic fall-out of a general syllabic organization creating the patterns.
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Some forms lexically require the non-palatal rounding with the velars, in con-
trast to the palatal rounding. For example, [kVa] ‘to paint with clay’ contrasts
with [eek"an] ‘to cheat. Similarly, some forms require the palatal secondary ar-
ticulation without the palatal primary articulation, and one finds forms such as
[h"an] ‘to sponge off someone.” If the different secondary articulations are just
unspecified variants of following vowels produced by a general syllabic articu-
lation frame, then we would not expect lexically specific items that require a
particular primary or secondary articulation.

De Jong & Obeng (2000) indicated a large amount of temporal overlap in the
production of vowels and consonants, suggesting something like a syllabic frame
which might account for the patterning. Palatography of consonants with differ-
ent following vowels in various languages generally indicates that a following
vowel will shift consonant closures in the direction of the vowel articulation.
However, the extent of this effect in individual speakers is notable and, thus, it
was deemed worthy of further investigation.

To quantify the degree of this temporal overlap, this earlier study explored a
statistical framework which attempted to determine how far from the edges of
a consonant one might be able to detect the identity of a neighboring vowel in
the acoustic patterns on the other side of the consonant. The corpus included
consonants intervening between two vowels, and then formant measurements
were taken from the center of both vowels, and on the preceding and trailing
edges of the consonant. Directional asymmetries were quite obvious, with the
effect of a following vowel showing up in the middle of the initial vowel in one
of the speakers, and in the preceding edge of the consonant in both speakers.
Effects of the initial vowel on the following vowel, however, were not detectable
at all. All this work suggested strongly that the Twi speakers were timing vowel
articulations such that they strongly overlapped with a previous consonant.

Further detailed analyses, however, showed that the phonetic behavior of the
speakers was not well accounted for just by stating that vowel and consonant ar-
ticulations overlap. The main difficulty documented in de Jong & Obeng (2000) is
in the lingual articulation of the labio-palatal consonants. If labio-palatal conso-
nants are actually just the result of simultaneous production of three different ar-
ticulations (primary articulation, front vowel/palatal articulation, and rounding
articulation), then one would expect the three articulations to behave the same as
in other words which are missing one of the articulations. Thus, alveolo-palatal
articulations should be the same with or without the secondary articulations
added to them. However, this turns out not to be the case; static palatography of
the labio-palatal consonants shows that the lingual obstruent closures are shifted
in a posterior direction from their plain counterparts.
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2 From co-occurrence patterns to rhythmic alignment

The effect, then, indicates that, even though the secondary articulations of
consonants in Twi may have historically arisen from vowel contrasts, the vowel
contrasts have not remained separate from the consonants they are articulated
with. The fact that the point of articulation of the alveolo-palatals is shifted in a
posterior direction when articulated with labio-palatalization strongly suggests
that the secondary articulations and the primary articulations have been fused
together.

It is also not inexplicable that the primary closure would be shifted specif-
ically in a posterior direction. This posterior shifting and lip rounding couple
together to help lower the frequency of the dominant formant imposed on the
noise corresponding to the obstruent. Both lip protrusion and lingual backing
have complementary effects on the length of an anterior resonator between the
two constrictions; both make that tube longer, and hence the resonating noise
in the tube takes on a lower frequency, and results in a prominent formant (cor-
responding to F3 in the vowel) in the frication noise. The analysis of the noise
spectra of these consonants (reflecting observations about fricative contrasts re-
cently reviewed in Shadle 2023) indicates the presence of just such a very low
anterior-cavity formant frequency in these labio-palatalized alveolo-palatal frica-
tives and affricates.

The conclusion of this earlier phonetic work, then, is that, yes, the consonant
system of Twi has been heavily augmented by incorporating former vowel artic-
ulations into the former consonant system. This process of migration of vowel
contrasts into the consonant system appears to be at least partly driven by how
these vowel articulations generate distinct noise categories in the consonant sys-
tem, so the function of the vowel articulations does not work exactly like it did in
the vowel system. The consonant system has a different acoustic dimensionality
than does the vowel system, and so some of the complexity of the migration pro-
cess is driven by this mapping from the old, “sending” vocalic system to the “re-
ceiving” consonant system. As suggested by one of the reviewers of this chapter,
such migrations from vowel to consonant systems are not uncommon in linguis-
tic systems. For example, Faytak (2022) has explored the diachronic context of
“fricative vowels” including in Stzhou Chinese, as well as some Grassfields Bantu
languages, where vowels display more consonant-like articulatory/acoustic tar-
gets. Similarly, Voorhoeve (1976) also briefly describes a situation in Medamba,
another Grassfields Bantu language, in which vowels /o/, /u/ and /e/, /i/ (the lat-
ter having been classified as a “super-high vowel” in Bantu reconstructions) are
perceptually quite similar except for the fricativizing effect of /u/ and /i/ on a
preceding consonant. Recent work on Lutuv (Bonhert et al. 2022), a language of
the Chin State in Myanmar, has found a vowel system including six high vowels,
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with the high central rounded vowel [&] being “fricativized” What the observa-
tions from Twi bring to the fore is the question of how such consonant-like vowel
articulations are acoustically related to other vowels and to the idea that vowels
and consonants are separated contrastive systems.

The other outstanding puzzle that this earlier work on Twi points out is the
overall question of why the temporal coordination of consonants and vowels in
Twi is so different from previously heavily examined languages in the first place.
Or, to state the question more generally, how do consonant and vowel articu-
lations get coordinated in languages, and how do languages differ in managing
such coordination?

1.4 Studying temporal coordination in Twi

Languages such as Twi re-open some very long-standing questions in speech
production, concerning how it is that the detailed articulations of speech become
coordinated with one another in highly skilled, fluent speech. This topic has been
the center of many different threads of research, but the thread that forms the
core of the rest of this chapter is that pursued by speech and linguistic researchers
at Haskins laboratories, especially during the 1980s and 1990s.

In the late 1980s, several elements of a synthetic speech model came together in
an effort to understand how speech unfolds in time. One particularly detailed el-
ement of this larger model was Task Dynamics (Salzman & Munhall 1989), which
sought to elucidate how a linguistic representation of speech composed of con-
trasting gestures might be interpreted as action regimes associated with these
different contrastive elements — action regimes that then become orchestrated
together in larger speech units corresponding variously to segments, syllables, or
sub-syllabic units such as onsets and codas, all as part of a single orchestration
scheme. Task Dynamic mechanisms interpret this orchestration as a mapping
onto control-regimes for actual anatomical articulators, which then play out as
schematized movement patterns. These are then interpreted by an articulatory
synthesizer into actual acoustic signals.

Particularly relevant to the current discussion, the prosodic organization of
these various gestures was pursued in heavily cited papers by Browman & Gold-
stein (1986, 1990). Their approach, along with similar work by others (e.g., de
Jong 2003) envisioned syllabic organization as consisting of specified timing re-
lations between the gestures associated with consonants and those associated
with vowels. Subsequent work by Goldstein (e.g., with particularly interesting
cross-linguistic analyses in Goldstein et al. 2007) drew on earlier coordination
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2 From co-occurrence patterns to rhythmic alignment

models by Tuller, Kelso, and colleagues (e.g., Tuller & Kelso 1991) to hypothe-
size that syllabic structures correspond to stable phasing relations between the
consonant and vowel systems.

These models, based as they are in the motor control literature, indicate that
there should be a stereotypical set of timing relations found in all human lan-
guages, as long as the individual segments are executed by gestures of similar
type to the ones seen in commonly examined western languages. However, the
work discussed here on Twi suggests the language exhibits a tendency towards
a different timing relation between consonant articulation and high vowel artic-
ulation, one in which a following vowel is synchronized with the release of con-
sonant, such that the peak articulation of the vowel occurs simultaneous to the
consonant release. The patterns found here are strikingly different from what is
found in similar research with paleography on French, where there is very little
overall difference in coronal contact for consonants before front and back vowels
(Dart 1991).

While there is much direct measurement of production patterns that this set of
speculations would suggest, I would like to close this section proposing a some-
what different approach to analyzing timing relations motivated by these very
interesting questions that Twi raises for speech science. This research thread
concerns the field of rhythmic organization.

1.5 Segmental make-up and P-centers

Recent work has revived interest in an experimental paradigm which became
popular in the 1970s, that of the P-center (Allen 1972, Morton et al. 1976, Rapp
1971). In this work, two different threads of research, one in speech perception
and one in speech production, came together in observations by Morton et al.
(1976). They were examining memory patterns in speech perception, and encoun-
tered the difficult problem of figuring out how people perceive speech to have
a regular timing pattern. It turned out that it was quite difficult to identify any-
thing in the acoustic signal that precisely corresponded to the perception of reg-
ular speech timing, since the balance of acoustic information about consonants
and vowels contributed to the timing pattern. The general effect was that listen-
ers, given the task of adjusting recordings of speech syllables to sound regular,
would align the beginning of vowels to occur at regular intervals. Onset conso-
nants, preceding the vowel, would tend to pull the alignment point to an earlier
time. Different consonants also would affect alignment to different degrees.
This complex pattern matches up quite well with what researchers such as
Rapp and Allen found with production tasks, such as having people produce
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syllables in time with a metronome or having them tap a finger in time with
speech. From this literature, the concept of “P-center” was formulated, as a way
of avoiding deciding whether the center of the syllable is based on perception or
production, since both tasks give evidence for the effect.

Recent work on the P-center has suggested that the location of the P-center is
language specific, and sensitive to the syllabic inventory of the language. Specif-
ically, Chow et al. (2015) examined production in time to a metronome by Can-
tonese speakers, finding that the speakers were timing the beginning of the con-
sonant with the metronome beats, rather than the vowel. The authors speculated
that this alternative alignment pattern is due to the relatively simple onset struc-
ture in Cantonese, wherein (in many analyses) there are no consonant clusters.
More recent work with speakers of Mandarin (Lin & de Jong 2023), however, has
found a pattern similar to that found in languages such as English, with general
alignment of a point near the beginning of the vowel with the metronome beats.

Of particular interest to the current chapter are two points: First, that the P-
center might be sensitive to the structure of the language of the speakers, rather
than just to the auditory or production substance of the speech. Besides the un-
usual results of Chow et al. (2015), a similar sensitivity of the P-center alignment
to linguistic structure, specifically morphological constituency, has been found
in Medamba (Franich 2018). Second, that the crucial point of alignment resides in
the nexus between the consonant onset and the vowel. These two points together
raise the more specific question of what counts as a consonant, and what counts
as a vowel, especially in a case such as Twi where there is evidence that vowels
can, at least historically, migrate into the consonant position. Are these vowels
which are heavily co-produced with the onset consonant, or are they actually
part of the consonants themselves?

1.6 P-centers in Twi: A first look

To begin exploring rhythmic organization in Twi, I employed the protocol used
in a previous study of Mandarin (Lin & de Jong 2023). The logic of this approach
is that, if secondary articulations in Twi are actually vowels which are produced
in time with preceding consonants, then we would expect syllables with sec-
ondary articulations, such as [t'a] ‘to step on,’ to exhibit an earlier timing of the
metronome with the respect to the initial consonant. The metronome would line
up with the secondary articulation, rather than with the following vowel. This
logic might not extend to labialization, however, as our reconstruction places
rounding as possibly a part of the earlier consonantal system. So we might not
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expect a difference in timing between syllables with labialization, such as [t¥a]
‘bottle, and ones without it, such as [ta] ‘to plaster.

A preliminary look at the recordings for this project suggests a difference in
syllable timing, however, not in the expected direction.? Figure 1 presents spec-
trograms of parts of three production trials, comparing [ta] (top), [t'a] (middle),
and [tVa] (bottom). The general pattern one finds is that the metronome signal,
which shows on the spectrogram as dark squares in the lower frequency ranges,
appears near the beginning of the vocalic portion of each syllable production,
with quite a bit of variation in the exact timing. Looking in more detail at the
middle syllable in the images in Figure 1, the metronome pulse in the middle
train ([t'a]) appears after the consonant release, while in the other trials ([ta]
and [tVa]), the metronome tends to overlay the release of the consonant. This is
actually the reverse of what was expected, since the palatal articulation should
reflect the onset of the vowel, while the labial articulation might be part of the
consonant that would precede the metronome. However, there is also extensive
variation in the productions. For example, the last syllable in the top trial has the
consonant release happening well before the metronome, while the first syllable
has the metronome centered on the release. So, the next step in this journey is to
determine the distribution of the different types and to generalize the protocol
for use with different speakers.

The variation noted above also led in another direction, that of querying the
fact that this sort of repetitive production is strongly rhythmic in nature. Given
what we know about rhythmic productions, based on a well-developed research
program exemplified in works like Cummins & Port (1998), Cummins (2009), Tai-
jma (1998), and Anderson (2018), we are amply aware of the existence of differ-
ent modes of phasing in rhythmic production. Given a repetitive cycle, either
explicit in a metronome, or just internally generated by a speaker (or musician),
the speech content can entrain to different parts of the cycle in any harmonic re-
lation. So, our preliminary discussions have led us into the question of whether
the variation in P-center studies might be due to different harmonic entrainment.

Previous work on the perceptual side, using tasks where participants are to
adjust recordings to make them sound regular have not found strong evidence for
different rhythmic modes (Whalen et al. 1991). Some probing of the possibilities
did produce various production modes, as illustrated in Figure 2.

The three types illustrated in Figure 2 seemed perfectly stable ways of repeat-
ing syllables to a metronome, as expected from previous work on the subject.

*These recordings were made with the help of my previous co-author and collaborator Samuel
Obeng, whose voice is featured in them.
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(a) Productions of /td/ ‘to plaster’ [ta]

I (Y

(c) Productions of /tsa/ ‘bottle’ [t¥a]

Figure 1: Three-syllable extracts from metronome speech trains. The
metronome is visible as the square dark spot which appears overlaid
near the beginning of each syllable.

The most obvious mode is the “on-beat” mode in the top panel, and this was
clearly the mode that the productions in the P-center protocol generated. The
other modes subdivided the metronome cycle, making harmonic repetitions at
higher rates. So, for example, the bottom, “off-beat” mode has the metronome
and the syllable alternating regularly so an event happens at twice the rate of the
metronome cycle. The “pick-up” mode in the middle is a bit more complicated
as the syllable timing suggests a sub-division of this double-time mode, yield-
ing a repetition pattern at four times the metronome frequency. Here, there are
two other events (at halfway and three-quarters of the way between metronome
pulses) that need to be supplied by the speaker (or musician).

It is unclear at this juncture the extent to which speakers’ tendencies toward
different modes may affect their patterning in P-center production experiments.
It seems clear that the dominant alignment patterns with the metronome and
syllabic beats being synchronized is the most obvious way of performing the

22



2 From co-occurrence patterns to rhythmic alignment

(a) Metronome embedded in the speech image, from the original task which created the produc-
tions in Figure 1
i )

STEE]

TEIES

3

L b

y

(c) “Off beat” mode with the metronome appearing half-way between each syllable onset.

Figure 2: Three-syllable extracts of three trials probing different rhyth-
mic modes. The metronome appears as a dark square with harmoni-
cally related stripes above it. All syllables are productions of /ti/ ‘head’
[ti].

task, and that most speakers fall into it naturally. Also, the different modes are
different enough that we should be able to distinguish them from the on-beat
pattern. However, we have encountered speakers who, for some reason, avoid
the on-beat pattern early in the trials, but then will gradually migrate into an
on-beat pattern later on, and it is not clear whether certain types of syllables are
more likely to cause this migration than others. This remains a topic for current
investigation.

Of course, these observations are just preliminary, but they suggest the pos-
sible fruitfulness of extending this analysis to see how general these patterns
are with other speakers of Twi, and other consonants. But a general conclusion
to this work is clear: The Akan languages are a rich foundation for moving the
discipline of linguistics forward, beyond the comfortable patterns found in more
typically studied languages.
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