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1. Introduction

2.2. Statistical analyses: MLR

1.1. The limitations of manual segmentation

Three MLR analyses were conducted in R (package: mlogit). The reference level was defined as /g/ in order to obtain
more conservative results, given that /b/ and /d̪/ have been shown to be acoustically similar to each other [2].

Spirant approximant consonants (e.g., [β̞], [ð̞] and [ɣ̞]) pose significant challenges to segmentation given the gradual
transitional formant structure that bonds them to neighbouring segments (see Figure 1). Overall, these consonants are
considered hard to segment [9], which in turn renders obtaining reliable acoustic data from them a problem.

The analysis for both acoustic data extraction approaches included intensity, F1 and F2 as main factors. The analysis
for the constriction degree correlates included IntRatio, IntDiff_A, IntDiff_B, MaxVel, MinVel and SpecTilt as main
factors.

Figure 1: Example
of an approximant
consonant in its
vocalic context
(word pagar, “to
pay”). Notice the
transitions that link
the approximant
with its neighbours.

While manual segmentation has been
the standard approach to obtain
acoustic measurements from spirant
approximants (e.g., [5]), most of the
time it is not clear how exactly it has
been conducted (e.g., [3]), nor
whether it performs better than other
segmentation strategies. Moreover: it
is time-consuming and highly
subjective.

3. Results
3.1. Manual approach
The results for the MLR analysis show that intensity, F1 and F2 are able to predict /b/ instead of the reference level /g/
with statistical significance (see Table 1). Only F1 and F2 are able to predict /d̪/ instead of the reference level with
statistical significance.

1.2. Extracting reliable acoustic data automatically
When it comes to automated methods, several relative intensity measurements taken from the approximant consonant's
minimum intensity and surrounding segments' maximum intensity have been used as correlates for degree of constriction
[4, 5, 7] (see Figure 2).

Besides intensity itself, there have been
no attempts to use the place of minimum
intensity in the consonant to extract other
type of acoustic data automatically.
Similarly, no comparisons exist to date
between datasets originated from manual
and automated data extraction
approaches.

No multicollinearity was found for the analyses pertaining to the segmentation approaches, however, as expected,
very high correlations were found for some constriction degree correlates (IntRatio against IntDiff_A: r(4946) = -.993;
IntRatio against MaxVel: r(4946) = -.859; MaxVel against IntDiff_A: r(4946) = .851).

Figure 2: The same
approximant as in
Figure 1, but now the
surrounding intensity
maximums and the
approximant's
intensity minimum
have been identified
(dB scale: 30 – 65)

/b/
Estimate
(SE)
Intercept -2.24(0.33)***
Intensity 0.03(0.01)***
F1
0.00(0.00)***
F2
0.00(0.00)*

/d/
95% CI for odds ratio
95% CI for odds ratio
Lower
Odds
Upper
Estimate
Lower
(2.5%) ratio (97.5%) (SE)
(2.5%)
0.06
0.11
0.20
-2.22(0.33)*** 1.00
0.06
0.11
0.21
0.01(0.01)
1.00
1.02
1.03
1.04
0.00(0.00)*** 1.00
1.00
1.01
1.02
0.00(0.00)*** 1.00

Odds
ratio
1.00
1.00
1.00
1.00

Upper
(97.5%)
1.00
1.00
1.00
1.00

Table 1: MLR results for the manual segmentation approach. Significance codes: ***, p < 0.001; **, p < 0.01;
*, p < 0.05. Log-Likelihood (unexplained variability): -5334.9; McFadden R2 (effect size): 0.017299; Likelihood
ratio test (significant variability explained by model): 187.83, p < 0.001.

3.2. Automated approach

1.3. Aim: To compare extraction methods and constriction degree correlates

The MLR results showed that all main factors were able to predict both /b/ and /d̪/ levels instead of the reference level,
with statistical significance (see Table 2).
/b/

This study uses Multinomial Logistic Regression (MLR) to assess how acoustic measurements obtained through two
different data extraction approaches are able to predict the levels of the categorical outcome variable phoneme
category (levels: /b/, /d̪/ and /g/). The same approach using MLR will be employed to assess the predictive
capabilities of a group of acoustic constriction degree correlates.

Estimate
(SE)
Intercept -2.09(0.29)***
Intensity 0.03(0.01)***
F1
0.00(0.00)***
F2
0.00(0.00)*

95% CI for odds ratio
Lower
Odds
Upper
(2.5%) ratio (97.5%)
0.07
0.12
0.22
1.02
1.03
1.04
1.00
1.00
1.00
1.00
1.00
1.00

/d/
95% CI for odds ratio
Estimate
Lower
(SE)
(2.5%)
-1.93(0.29)*** 0.08
0.02(0.01)**
1.00
0.00(0.00)*** 1.00
0.00(0.00)*** 1.00

Odds
ratio
0.15
1.02
1.00
1.00

Upper
(97.5%)
0.26
1.03
1.00
1.00

Table 2: MLR results for the automated data extraction approach. Significance codes: ***, p < 0.001; **, p <
0.01; *, p < 0.05. Log-Likelihood: -5348.2; McFadden R2: 0.014856; Likelihood ratio test: 161.3, p < 0.001.

2. Methods and procedures
3.3. Constriction degree intensity correlates

2.1. Measurements
Acoustic measurements were extracted from a Chilean Spanish corpus containing 3 speech styles from 10 native male
and female adult speakers (n = 4948: /b/ 36%, /d̪/ 31% and /g/ 33%).
The extraction of acoustic parameters from manually segmented signals was aided by visual cues from the waveform
and spectrogram, and formant and intensity curves. These cues were used to identify likely boundaries inside each
consonants' transitions to neighbouring segments. Intensity, F1 and F2 were measured as mean values from the inner
50% for each token. In the case of the automated approach, intensity, F1 and F2 values were extracted from the point of
minimum intensity inside each consonant (see Figure 2).
Additionally, the following acoustic constriction degree intensity correlates were automatically extracted and calculated:
Intensity Ratio (IntRatio): Consonant minimum
intensity (B) divided by the following segment's
maximum intensity (C) [1, 7] (see Figure 3).

The results for the MLR analysis show that IntDiff_B, MaxVel, MinVel and SpecTilt are able to predict the outcome
category (see Table 3). IntDiff_A was only able to predict /b/ with statistical significance. IntRatio was unable to predict
any of the levels as different from the reference level.
/b/
Estimate
(SE)
Intercept 5.35(3.19)
IntRatio -4.43(3.18)
IntDiff_A -0.18(0.06)**
IntDiff_B -0.10(0.01)***
MaxVel
3.06(0.43)***
MinVel
1.49(0.70)*
SpecTilt -0.01(0.00)***

/d/
95% CI for odds ratio
95% CI for odds ratio
Lower
Odds
Upper
Estimate
Lower
(2.5%) ratio (97.5%)
(SE)
(2.5%)
0.40
210.86 110520.9 4.31(3.16)
0.15
0.00
0.01
6.00
-3.80(3.15)
0.00
0.75
0.84
0.93
-0.20(0.06)
0.73
0.89
0.91
0.93
-0.08(0.01)*** 0.90
9.24
21.31 49.17
4.49(0.42)*** 38.74
1.12
4.43
17.54
4.24(0.79)*** 14.89
0.98
0.99
0.99
-0.01(0.00)*** 0.99

Odds
ratio
74.42
0.02
0.81
0.92
88.83
69.57
0.99

Upper
(97.5%)
36720.6
10.61
0.91
0.94
203.65
325.06
1.00

Table 3: MLR results for constriction degree intensity correlates. Significance codes: ***, p < 0.001; **, p <
0.01; *, p < 0.05. Log-Likelihood: -5268; McFadden R2: 0.029626; Likelihood ratio test: 321.67, p < 0.001.

Intensity Difference A (IntDiff_A): Consonant
minimum intensity (B) subtracted from the following
segment's maximum intensity (C) [4, 7] (see Figure 3).

4. Discussion and summing-up
Intensity Difference B (IntDiff_B): Consonant
minimum intensity (B) subtracted from the preceding
segment's maximum intensity (A) [6] (see Figure 3).
Maximum Velocity (MaxVel): Maximum intensity from
first differences (1 ms interval) between consonant
intensity minimum and following segment's intensity
maximum [4, 5, 7] (see Equation 1, Equation 2 and
Figure 4).
For first differences at n intensity samples Ii:
(1) ∆𝐼𝑖

Some evidence for an advantage of an automated approach:
Figure 3: Intensity contour showing maximum and minimum
intensity landmarks for the surrounding segments and
approximant consonant respectively (intensity scale in dB).

Trade-off between ecological validity, objectivity and time efficiency:
Although manual approaches display some unique advantages – i.e., duration analyses can be incorporated and an
actual linguistic unit is being measured – they are subjective and considerably time-consuming.
While the automated approach used here is unable to isolate segmental units and thus incapable of providing
duration measurements, it has the advantages of being efficient and objective. As long as the duration of the
consonant itself is not a variable of interest, this approach seems to be able to replace manual segmentation for
acoustic data extraction.

= 𝐼𝑖 − 𝐼𝑖−1

Maximum Velocity is defined as:
(2)

𝑀𝑎𝑥𝑉𝑒𝑙 =

(3)

𝑀𝑖𝑛𝑉𝑒𝑙 =

Not all constriction degree intensity correlates were born equal:

max ∆𝐼𝑖

𝑖 = 1, … , 𝑛

Minimum Velocity (MinVel): Minimum intensity from
first differences (1 ms interval) between consonant
intensity minimum and following segment's intensity
maximum [5] (see Equation 3 and Figure 4).

min

𝑖 = 1, … , 𝑛

In contrast to previous research exploring the articulatory domain [7], IntRatio was unable to predict the selected
categorical outcome variable. Instead, the best predictors appeared to be IntDiff_B, MaxVel, MinVel and SpecTilt,
although IntDiff_A was also able to predict one level of the outcome variable.
Figure 4: Schematic representation of MaxVel and MinVel
calculations. Velocity is calculated between the endpoints of a
1 ms interval, for all said intervals, and then the maximum and
minimum velocity is identified.

∆𝐼𝑖

Spectral Tilt (SpecTilt): Spectral energy difference
between mean energy from low 50-500 Hz band and
mean energy from high 500-5000 Hz band [4, 8],
measured between consonant intensity minimum and
the following intensity maximum (see Equation 4 and
Figure 5).
(4)

𝑙𝑓𝑏(50−500 𝐻𝑧) − ℎ𝑓𝑏(500−5000 𝐻𝑧)

The datasets obtained via the two data extraction approaches show similar capabilities at predicting phoneme
category levels. However, main factor intensity was unable to predict /d̪/ as different from /g/ for the manual
approach. This suggests a slight advantage for the automated approach in this regard.

Figure 5: Frequency (Hz) against sound pressure (dB / Hz)
spectrum for an instance of [ɣ̞]. The lower band (50-500 Hz)
has been highlighted.
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