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A preliminary perceptual identification experiment 

investigated whether listeners were able to identify 

natural, Klatt copy-synthesized and manipulated Klatt

copy-synthesized stimuli from VCV sequences 

containing approximant consonants. The Klatt copy-

synthesized stimuli were created using the Klatt

synthesizer (Weenink, 2009) from Praat (Boersma & 

Weenink, 2014). In the manipulated condition, the 

neighbouring vowels were homogenized in terms of F1 

and F2 and intensity; pitch and F3 to F5 were flattened 

to mean values (see Figure 8 for an example).

Table 1: Confusion matrices for 

identification of phoneme category in 

original, copy-synthesized and 

manipulated conditions. Results, 

which are presented in percent, 

should be read downwards (chance 

level at 33%).

Perception experiments, including identification, discrimination, goodness judgements and phoneme 

monitoring tasks, will investigate the extent to which listeners rely on different types of acoustic and 

linguistic cues to perceive approximant consonants and how this affects lexical access.

1. Introduction: Chilean Spanish approximants and a problem

1.1. Approximant consonants from /b/, /d/̪ and /g/

1.2. Is the whole natural class acoustically unreliable?

2. Production study: Acoustic characteristics of [β]̞ ([ʋ]), [ð]̞ and [ɣ̞]

2.1. Results

2.2. Summing up the acoustics

According to traditional accounts, the phonetic variants of Spanish /b/, /d/̪ and 

/g/ are in complementary distribution, with voiced plosives surfacing after 

pauses and homorganic continuants, and approximants and elided variants 

appearing elsewhere (e.g., Parrell, 2011).

Given that highly lenited approximant consonants are frequent in Chilean 

Spanish, and that this type of lenition manifests as a weakening of formant 

transitions with respect to surrounding segments (see Figure 1), it can be 

hypothesized that the acoustic correlates for these consonants might be 

unreliable for listeners as cues to access the underlying phonological 

categories.

The production study consisted of recordings from 10 participants (5 males, 5 females) in three tasks: word-lists, short texts 

and semi-guided conversation. Segmentation of approximants is well-known to present a number of difficulties (Turk, Nakai & 

Sugahara, 2006), so a researcher-led and an automated method of segmentation and extraction of acoustical parameters 

were applied. The researcher-led method – see Figure 2 – is based on acoustic patterns observable in the waveform and 

spectrogram, and is aided by intensity and formant contours (Carrasco et al., 2012; Martínez-Celdrán & Regueira, 2008). The 

automated method uses maximums and minima of intensity as reference points from where to extract other acoustic 

measurements.

3. What’s next: cue weighting and lexical access

3.1. The big picture

3.2. Preliminary pilot: identification task

3.3. Ongoing work

Figure 8: Example of copy synthesized and 

manipulated VCV stimuli. Intensity is showed as a 

continuous line (scale 68-90 dB) and the formants 

as dotted lines.

Results confirmed that elision is 

particularly high in Chilean Spanish, 

even more than previously reported 

(Cepeda, 1991; Pérez, 2007). 

Moreover, if vocalic approximants (the 

most open ones) are included, highly 

lenited and elided forms account for 

more than 50% of the sample (see 

Figure 3).

Main findings:

(a) Elision and highly lenited forms are the norm for Chilean Spanish /b/, /d/̪ and /g/.

(b) Across phonetic variants, /b/ and /d/̪ are not significantly different except regarding F2; both are 

different from /g/.

(c) The allophones within each phonemic category display a continuum-like pattern, with closed 

approximants and elision as the ends of each continua.

Given that approximant consonants from /b, d,̪ g/ can be gradually lenited to the point of elision (e.g., 

from [ˈka.ða̞] to [ˈka.a], for /ˈka.da̪/, <cada>, “each”), that is, to the extent where there is no segmental 

acoustic evidence that listeners can use to perceive them, they constitute a promising testing ground 

to investigate how listeners weight different sets of acoustic and linguistic cues in order to perceive 

these consonants and reconstruct the reduced forms when elision occurs (for similar approaches, 

see, for example: Mitterer, 2011; Mitterer & Ernestus, 2006; Mitterer, Yoneyama & Ernestus, 2008). 

These preliminary results suggest that:

• Listeners depend on complementary cues to successfully identify approximant consonants.

• Reducing the number of cues available affects identification.

Although repeated measures ANOVAs showed significant differences between /b/, /d/̪ 

and /g/ regarding duration, intensity, F1 and F2, Welch two-sample t-tests (Bonferroni-

corrected) suggested that duration (Figure 4), intensity (Figure 5) and F1 (Figure 6) do 

not distinguish /b/ and /d ̪/.

In order to assess which of the two segmentation methods provided more 

reliable acoustic measurements multinomial logistic regression analyses 

were conducted for both methods, with the acoustic measurements as 

factors and “phonemic category” as the outcome variable. The analyses 

suggested that the researcher-led method produced more reliable results 

and these measurements were used in all future analyses.

The approximant variants within each consonant (vocalic, open and closed approximants) do show 

acoustic values in line with expectations (see Figure 7), inasmuch as “degree of openness” 

correlates positively with intensity and F1, and negatively with duration. Overall, the results indicate 

that duration, intensity and F1 are good correlates of degree of lenition, but not necessarily of 

phoneme category (especially for /b/ versus /d/̪ distinction).

While this general pattern holds true for all varieties of Spanish, recent 

evidence shows that some dialects have plosive variants in a wider range of 

phonetic contexts (Carrasco, Hualde & Simonet, 2012), whilst others manifest 

a higher degree of lenition and elision, as in the case of Chilean Spanish 

(Cepeda, 1991; Pérez, 2007).

If this is the case, it would be expected that the reconstruction of highly lenited and elided units would be aided by 

complementary linguistic and non-linguistic cues (Ernestus, Baayern & Schreuder, 2002; Mitterer & Ernestus, 2006).

This evidence suggests that duration, intensity and formants may not be reliable cues to consistently 

identify and distinguish the approximant consonants from /b/ and /d/̪. Moreover, when it comes to the 

weight of these cues (see Francis, Kaganovich & Driscoll-Huber, 2008; Holt & Lotto, 2006), it is likely 

that they weight relatively low in comparison to other linguistic cues such as morphological, semantic 

and syntactic context.

By carefully varying the amount of acoustic and linguistic information available to the listener we can 

explore the conditions required to attain lexical access.

Results:

Twenty-nine participants completed the online experiment in which they identified 144 VCV sequences. 

Overall identification accuracy across the 3 conditions was good (72.05%), although identifiability 

dropped significantly as a result of the synthesis and manipulation processes (original stimuli: 82.76%; 

copy-synthesized: 71.12%; manipulated: 62.28%; see Table 1 for details)*.

* A generalized mix-model analysis for binomial data showed a significant effect of type of stimuli on identifiability of /b/, /d/̪ and /g/ (F(2) = 124.279, p > .001), a significant 

effect of phoneme (F(2) = 81.527, p > .001) and a significant interaction between type of stimuli and phoneme (F(4) = 84.754, p > .001).

Expectations are that perceptual boundaries between perception of the approximant consonant and 

elision in the continua will shift towards elision as more non-segmental variables such as lexical and 

syntactic information are added as cues.

If these predictions are confirmed, the results could be interpreted in the light of hybrid models of lexical 

access (e.g., McClelland & Elman, 1986; Goldinger, 2007; Smits, 2011), where both top-down and 

bottom-up sources of information are used by listeners to achieve lexical access.

Continua from approximant consonants of /b, d,̪ g/ to elision will be inserted between vowels and 

presented to listeners in different conditions: (a) isolated and manipulated; (b) isolated and natural; (c) 

natural sequences in word and nonsense word contexts; and (d) as in “c” but in sentence contexts (see 

Figure 9, below, for more details).

Figure 9: Schematic representation of the four conditions to be included in the perception experiments. As shown above, the 

continua from approximant to elision for /b, d,̪ g/ will be presented in conditions with an increasing availability of segmental and 

linguistic cues.

Figure 1: Chilean Spanish word fatídico (“fateful”)

with elided [ð]̞ between two [i] vowels. Intensity is

shown as a continuous blue line (30-65 dB).

Figure 2: Example of segmentation carried out 

with the researcher-led method. Formant 

trajectories are shown as grey dotted lines and 

intensity as a blue line (30-65 dB).

Elision 27%

VA 26%

OA 27% CA 6%

Others 13%

Figure 3: Percentage of the variants of the 

approximant consonants measured in the 

corpus. Key: “VA” – vocalic approximants, 

“OA” – open approximants, and “CA” –

closed approximants.

Figure 7: Duration, intensity and F1 values 

for the vocalic (VA), open (OA) and closed 

approximants (CA) from /b/, /d/̪ and /g/ (all 

differences within consonant and acoustic 

dimension are statistically significant, 

except for the duration values between OA 

and CA for /d/̪).

More open approximants display lower 

duration, but higher intensity and F1 values, 

whereas more closed variants show the 

opposite pattern.

Figure 4: Intensity values 

for the approximant variants 

of /b, d,̪ g/.

Figure 6: Normalized and scaled F1 

and F2 values for the approximant 

variants of /b, d,̪ g/.

Figure 5: Duration values 

for the approximant variants 

of /b, d,̪ g/.
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