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Abstract
The present contribution represents the first in-detail ex-

ploratory account of the aerodynamics of labial-velar oral stops
in Sakata, a Bantu dialect cluster of southwestern Congo. Data
collection took place at the phonetics laboratory facilities of
Université de Mons with three speakers of central Sakata. Com-
parative data of labial-velar and plain bilabial oral stops are pre-
sented and analysed. Descriptive statistics of the relevant vari-
ables are discussed. Given each group of variables, MANOVA
results are presented for specially tailored subsets of the whole
dataset to investigate variance in the corpus. Sakata labial-velar
stops are shown to differ from plain bilabials for duration, air-
flow, and pressure patterns. Voiceless labial-velar stops exhibit
pressure and airflow values consistent with a more prominent
lowering of the tongue root / larynx than their voiced counter-
parts. Matches and mismatches with the available typological
literature are also delineated and discussed.
Index Terms: aerodynamics, labial-velars, Bantu languages,
speech communication, phonetic documentation

1. Introduction
Labial-velar (LV) consonants are among the commonest double
articulations in human speech, attested in around one tenth of
the world’s sound systems [1, 2, 3]; for the most part, they oc-
cur in Niger-Congo and Nilo-Saharan lects from northern sub-
Saharan Africa, and are more sporadically reported in Papua-
New Guinea, Oceania, and South America [4]. They are pro-
duced with overlapping labial and velar closures released al-
most simultaneously, with the velar release always preceding
the labial [5, 6, 7, 8, 9, 10, 11, 12, 13, 14]. Instrumental anal-
yses of LV consonants are scarce, with only a handful of artic-
ulatory and aerodynamic descriptions available in the literature
[15, 16, 17, 18, 19]. It is generally accepted that, during the
articulation of LV stops, a certain degree of air rarefaction is
attained between the two closures, causing the co-occurrence
of ingressive and egressive airstream mechanisms upon release
[20, 21, 22, 23]. This is most commonly due to a slight back-
ward movement of the tongue root, often accompanied by a
lowering of the larynx [24].

LV stops (both oral and nasal) have been reported in Sakata,
a dialect cluster of Bantu (Niger-Congo) spoken by around 10-
50,000 people in the Mai-Ndombe province of the Democratic
Republic of Congo [25, 26]. Sakata is traditionally listed as
C34 is Guthrie’s alphanumeric classification of Bantu languages
[27]. To this day, the available phonological literature on Sakata
remains scant [28, 29, 30], with only one source providing de-
tailed acoustic information [31]. This gap is particularly severe
in that Sakata is spoken far to the south of the so-called "Macro-
Sudan Belt", a vast linguistic macro-area of which LV have

been traditionally considered a diagnostic feature [32, 33, 34].
Interestingly, LV have also been reported in other SW Congo
lects, though their phonological status appears to be less well-
established in those than in Sakata [35]. The phonological in-
ventory of Sakata (adapted from [30, 31]) is reported below,
Table 1.

Table 1: Sakata phonology

The present contribution represents the first empirical aero-
dynamic study of Sakata LV oral stops. Aerodynamic traces are
essential in the study of LV articulations given their typologi-
cal characteristics, including the occurrence of specific aerody-
namic events such as air rarefaction between the velar and labial
closures. This paper is particularly concerned with the produc-
tion of LV oral stops (as well as plain bilabial stops) in two va-
rieties of central Sakata, i.e., Sakata Mbantin and Sakata Mba-
mushie. The research made available in this venue is chiefly
exploratory and should therefore be intended as primary pho-
netic documentation.

2. Methodology and data
2.1. Data collection

Full datasets and metadata have been made available
on OSF: https://osf.io/cdfk8/?view_only=
1bd311ad49cd4125a64c4c0913fb6658.

Data collection took place at Université de Mons in March
2023. Data were collected with three L1 speakers of Sakata
residing in Europe. All participants are multilingual, fluent in
French and Lingala, and highly educated members of their com-
munity. They are the only speakers of Sakata we were able to
recruit in Belgium and are likely to be among the very few liv-
ing in Europe. Despite the limited number of participants, this
sample is the most representative available as of 2024. Relevant
biographical information (pseudonymised) is available below,
Table 2.

A set of LV-containing and bilabial-containing Sakata
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Table 2: Speakers (metadata)

Sp. A Sp. B Sp. C

Age 51 63 64
Origin Bokoro Mongobele Mongobele
Variety Mbantin Mbamushie Mbamushie

words was produced in collaboration with the speakers, draw-
ing upon information previously reported in the literature [31].
The set includes 22 lexical items, of which 11 contain LV and
11 bilabial stops; one LV–containing word presents two LV seg-
ments, and one bilabial-containing word presents 2 bilabial seg-
ments. Eight of the 11 LV–containing words display voiceless
LV (with their voiced counterparts being regularly preceded by
a nasal), while 7 bilabial-containing ones display a voiced bil-
abial; this lack of balance is largely due to the uneven quality of
Sakata lexical documentation at the time of data collection. All
segments are word-medial and in intervocalic position, with the
exception of one word-initial voiceless LV and the voiced LV
stops which are preceded by a nasal and followed by a vowel. A
conventional orthography was agreed upon, as well as a carrier
sentence. The carrier sentence reads as follows, with hyphens
marking the position of the target word: Mantshii - mba isa, - -
- (meaning: "I say - three times, - - -"; in practice, we elicited 4
repetitions per word, 1 in the carrier sentence and 3 in isolation).
Aerodynamic data were collected with PcQuirer 516 (Scicon R
and D Inc.). This allowed us to simultaneously record acoustic
traces and three channels of aerodynamic data (mouth pressure,
oral airflow, nasal airflow). The audio signal was digitised and
sampled at 12 kHz, dc channels were sampled at 1 kHz. Mouth
pressure was obtained by dint of a catheter introduced at the side
of the mouth, bent behind the second molars, and connected to
a pressure transducer. Volume flow from the mouth was col-
lected with a Rothenberg mask, with a pressure tube inserted
in one of the mask’s outlet holes. Pressure and airflow signals
were low-pass filtered at 50 Hz. The nasal airflow trace has not
been analysed for the purposes of this study, as the focus of this
paper does not extend to LV nasal stops.

2.2. Data analysis

The recordings were annotated with Praat [36]. Individual to-
kens deemed unsuitable for phonetic analysis (due to back-
ground noise and/or mispronunciations) were manually re-
moved. Based on the acoustic trace, start and end points were
identified for the relevant words and segments and marked on
two interval tiers; four critical articulatory moments (T1-4)
were identified on a third point tier based on the mouth pressure
and oral airflow traces. These are described as follows: T1 - ini-
tial lowering of the oral airflow trace (associated with the first
closure); T2 - initial lowering of mouth pressure (around the
velar closure; only for LV); T3 - lowest mouth pressure value
(only for LV); T4 - moment of maximum mouth pressure at the
labial release. An example of annotated .wav file is presented
in Figure 1.

The resulting corpus includes 74 [kp] items, 32 [gb], 73 [p],
82 [b].

Selected variables were extracted from Praat. These in-
clude: duration values (entire word, relevant segments, adja-
cent segments if nasals or vowels, segment boundaries to T1,
T2, T3, and T4 for LV and to T1 and T4 for bilabials), oral air-
flow (sampled at T1, T2, T3, and T4 for LV, and at T1 and T4

for bilabials), and mouth pressure (sampled at T1, T2, T3, and
T4 for LV, and at T1 and T4 for bilabials). Duration is expressed
in s, oral airflow in l/s, mouth pressure in cmH2O. The relevant
datasets were manually inspected. Outliers were excluded from
final analysis; missing values for bilabial stops at T2 and T3
were assigned NAs.

Figure 1: Overview of standard annotation (LV on top, bilabial
at the bottom)

Descriptive statistics summarising the resulting dataset are
presented as bar graphs and scatter-plots in §3.1-3.2. Inferential
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statistics were performed with RStudio [37] for duration, air-
flow, and pressure values. We employed Multivariate Analysis
of Variance (MANOVA, [38]) to explore the effects of “segment
type” (independent variable) on the multiple dependent quanti-
tative variables extracted from Praat. These variables were cate-
gorised into three groups (“duration values”, “oral airflow”, and
“mouth pressure”), and MANOVAs were run on two datasets
with different “segment type” and dependent variable compo-
sitions. The first dataset includes four “segment type” values
(kp, gb, p, b) and was analysed for all three dependent vari-
able groups. Due to the multidimensional nature of the “du-
ration values” group, a Principal Component Analysis (PCA)
was performed to reduce dimensionality and extract meaning-
ful patterns. This approach allowed us to assess the overall ef-
fect of “segment type” on the combined dependent variables
within each group. The second dataset is limited to LV val-
ues of “segment type” (kp, gb) but expands the number of
dependent variables, introducing additional measures taken at
T2 and T3. PCA was again utilised for “duration values” to
condense the variables into principal components, which were
then analysed using MANOVA. The application of PCA prior
to MANOVA for “duration values” in both datasets was key in
reducing data complexity and highlighting the underlying struc-
ture of the data. This step was crucial for handling the high
dimensionality and collinearity among variables, thus ensuring
a more robust and interpretable analysis. “Oral airflow” and
“mouth pressure” were handled without PCA as they did not
raise the same collinearity concerns as “duration values”.

3. Results
3.1. Duration

Duration differences are more prominent in the case of LV than
bilabials. On average, voiceless [kp] are longer than voiced
[gb]; see Figure 2.

Figure 2: Segment duration values (with standard error bars)

Segments preceding LV appear to be longer (for [kp]) or
shorter (for [gb]) than those preceding plain bilabials. Follow-
ing segments are only shorter than preceding ones in the case
of [kp]. Absolute highest following-segment duration values
are those reported for [b], with all other sound classes behaving
similarly in that position. Though absolute highest preceding-
segment duration values are reported for [kp], they appear to
fall within the same error range as [b]; see Figure 3.

MANOVA results for "duration values" reveal a significant
effect of "segment type" on the relevant quantitative variable
(i.e., the score of the PCA limited to its first two components,
which by themselves explain over 89% of the variance in the

Figure 3: Adjacent segment duration values (with standard
error bars)

corpus). This is true of both the four- and the two-level inde-
pendent variable datasets, as summarised in Table 3.

Table 3: MANOVA results ("duration values")

Independent variables Df approx F p-value

Segment type (4 lvl) 3 115.05 <.001
Segment type (2 lvl) 1 78.017 <.001

3.2. Aerodynamics

Considerably more airflow can be detected at T1 and T4 on LV
than plain bilabials, with the latter displaying some negative
flow (air suction) upon release. This is expected right before
the typical surge in airflow accompanying explosive bursts (see
Figure 1). Voiceless LV exhibit more positive airflow upon re-
lease than their voiced counterparts; see Figure 4.

Figure 4: Oral airflow at closure and release (with standard
error bars)

Mouth pressure values are consistently higher at T4 than
T1. Mouth pressure values at T1 are highest for [gb] and lowest
for [kp]. However, mouth pressure values at T4 are importantly
higher for bilabials, and [p] in particular, than LV. Standard error
indicates that negative mouth pressure can be found at T4 on
both LV (and at T1 on [kp]); see Figure 5.

Scatter-plots are presented in Figure 6, representing LV oral
airflow (top) and mouth pressure (bottom) values at the four ar-
ticulatory moments, over time (0 on the time axis represents
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Figure 5: Mouth pressure at closure and release (with standard
error bars)

the beginning of the relevant segment). For the two aerody-
namic measures, LV display similar aerodynamic trajectories
irrespective of voicing, with suction detected at T2 and T3. T3
mouth pressure levels are markedly lower for [kp] than [gb].
As concerns the timing of the four events, the first closure typi-
cally occurs before the sound’s acoustic trace is audible, though
voiceless and voiced LV differ in that, on average, voiced-LV T2
also precedes the sound’s left edge. Inter T2-T3 time is longer
for [kp] than [gb]. T4 immediately follows T3 in both voicing
contexts.

Figure 6: Schematic aerodynamic trajectories of LV at the four
relevant articulatory moments

MANOVA results for "oral airflow" and "mouth pressure"
reveal a significant effect of "segment type" on the variables, as
can be seen in Table 4.

Across all analyses, significant p-values consistently point
to the critical role of "segment type" in explaining corpus vari-
ance. The difference in effect sizes between the two variable
groups and across the different levels of "segment type" com-

Table 4: MANOVA results (aerodynamics)

Qualitative variables Df approx F p-value

Oral airflow (4 lvl) 3 7.4233 <.001
Oral airflow (2 lvl) 1 7.2378 <.001
Mouth pressure (4 lvl) 3 62.191 <.001
Mouth pressure (2 lvl) 1 10.636 <.001

plexity suggests that the impact of "segment type" on "mouth
pressure" is more pronounced than on "oral airflow". This pat-
tern holds true irrespective of segmentation granularity, albeit
with nuanced differences in magnitude between categorisations.

4. Discussion
Data from Sakata confirm previous findings in the literature
concerning the relative duration of [kp] and [gb] [39, 5], with
the former exhibiting higher values than the latter, but no spe-
cific effects of segment type on LV- and bilabial-adjacent seg-
ment duration were detected. Differences in duration between
[p] and [b] are less marked but in line with common typological
differences between voiced and voiceless segments. Oral air-
flow values differ significantly between LV and bilabials, with
the former displaying higher volume flow at both first closure
and release. Mouth pressure build-up prior to release is higher
for bilabials than LV. Air rarefaction after completion of the sec-
ond closure is more important for [kp] than [gb]. Differences in
inter T2-T3 time appear to explain the durational difference be-
tween [kp] and [gb], indicating a more prolonged period of air
rarefaction in the articulation of [kp] than [gb]. This matches
previous findings concerning the relative salience of voiceless
and voiced LV in other Bantu languages of the region of inter-
est [35, 31], and is compatible with mouth pressure levels at T3,
for which the two segments have been shown to differ signifi-
cantly (the longer duration of the articulatory event leading to
air rarefaction between the two closures causes a more signif-
icant drop in mouth pressure). A cursory analysis of spectral
differences between [kp] and [gb] does not offer clear-cut cues
to differences in low-frequency energy concentrations ("voic-
ing bar") within the LV category. This might indicate the pres-
ence of a glottalic airstream mechanism [15, 40], i.e., a lowering
of the larynx, in the articulation of LV in the corpus. Differ-
ences in T1-T2 timing relative to the acoustic left edge of the
LV might be attributable to the fact that voiced LV are often
preceded by nasals, suggesting that the labial closure already
occurs during the nasal articulation. While this consideration
exceeds the scope of the present contribution, it might indicate
that pre-LV nasals in Sakata are also articulated as LV and there-
fore assimilate to [gb] [41, 42, 43, 44, 45]. T1-T4 timing is
comparable across LV types, in spite of general duration dif-
ferences between voiced and voiceless LV. Negative airflow at
T2 indicates that larynx, and possibly tongue body, lowering
(and, consequently, air rarefaction in the oral cavity) is initiated
before the labial closure is complete. Positive oral airflow val-
ues at T4 on LV mark the presence of an egressive pulmonic
airstream mechanism with a sudden rise in pressure upon re-
lease of the two closures [22, 11]; lack of a similar phenomenon
in bilabials is marked by oral airflow values approximating 0 at
T4. Higher mouth pressure values at T4 for bilabials also reflect
this difference, with pressure building up throughout the articu-
lation (i.e., without the typical dip at T3 which marks their LV
counterparts).
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