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Abstract

:

In Eastern Andalusian Spanish, consonants are deleted in syllable-final position, triggering regular gemination of a following consonant, even across word boundaries. This paper investigates five underlying phonemic contexts involving /t/, including singleton /t/ and four different underlying /C+t/ sequences that typically surface as [t:], by analyzing how durational and formant differences vary depending on the presence and identity of the preceding underlying consonant. Following the acoustic and statistical analyses of 444 instances of /ˈeta/, /ˈesta/, /ˈekta/, /ˈepta/ and /ˈeksta/, a Discriminant Function Analysis shows that differences in the total duration of /t/ and in the duration of the closure of /t/ are the strongest cues to distinguishing singletons from geminated consonants, with 91.9% and 90.6% accurate classifications, respectively. Cues indicating which specific consonants have been deleted before /t/ are much less robust and more varied in nature. It is unclear, however, whether this outcome is due to different compensation strategies in each case or whether they are affected by some kind of underlying coarticulatory effect. Given that gemination in this language variety is the result of regular /C1C2/ to [Cː] assimilation, and that its underlying phonemic status has not been demonstrated, Eastern Andalusian Spanish is unusual amongst languages studied with respect to gemination, making this study typologically interesting.
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1. Introduction


The present study aims to investigate whether the deletion of different word-medial codas (/s/, /k/, /p/ or /ks/) triggers the regular gemination of a following /t/ in Eastern Andalusian Spanish (henceforth EAS). It also aims to identify potential covariants of gemination in EAS. Another objective of the present paper is to determine the relative predictive weight of each covariant in identifying not only singletons and geminates, but also the underlying consonant in each case.



EAS is a variety of Spanish spoken in the southeast of Spain, mainly in the provinces of Almería, Granada and Jaén (Herrero de Haro and Hajek 2022). Although EAS shares many characteristics with neighboring Western Andalusian Spanish (henceforth WAS), one important difference is that, in EAS, vowels are regularly opened or lowered before a deleted syllable-final /s/, e.g., dos /dos/ [image: Languages 08 00099 i001], ‘two’ (e.g., Villena Ponsoda 2000); vowel opening, to the extent described for EAS, has not been noted in other varieties of Spanish (Henriksen 2017). In this paper, the term deletion is used as a cover term for when a phoneme does not surface directly in the phonetic output, even though it may leave some other assimilatory trace, e.g., esta /ˈesta/ [image: Languages 08 00099 i002] ‘this one’. The term Andalusian Spanish is used to refer to both EAS and WAS. More information regarding the differences between these two varieties of Spanish can be found in Jiménez Fernández (1999), Villena Ponsoda (2000), Moya Corral (2010) and Valeš (2014).



With respect to conditioned vowel lowering, which has been a major focus of research on EAS to this point, some scholars have argued that only /e/, /a/ and /o/ lower before an underlying /s/ (e.g., Navarro Tomás 1938, 1939; Henriksen 2017), whereas others have claimed that all five Spanish vowels do (/i/, /e/, /a/, /o/, and /u/) (e.g., Peñalver Castillo 2006). Other studies have found evidence that EAS vowels lower before other underlying consonants (e.g., Herrero de Haro 2016, 2017a). As a consequence, different scholars have proposed surface vowel systems for EAS that vary from eight vowels (e.g., Navarro Tomás 1938, 1939) to fourteen vowels (Herrero de Haro 2019c). More information on EAS vowel opening can be found in Herrero de Haro (2017b, 2023) and Herrero de Haro and Hajek (2022).



For the purposes of the present discussion, a consonant is considered geminated in EAS if it appears immediately after an underlying consonant that does not surface, even across a word boundary. Therefore, /t/ is considered a geminate in esta [image: Languages 08 00099 i002], ‘this one’, and in es tuyo ‘[image: Languages 08 00099 i003], ‘it is yours’, and is considered a singleton in cometa [koˈmeta], ‘kite’, and in alto [ˈalto], ‘tall’, in which the underlying /l/ is not deleted.



Previous studies on gemination in EAS have focused on relatively few features, most typically durational differences and in no more than three underlyingly phonemic /V(C1)C2V/ contexts (e.g., in /st/, /pt/ and /kt/ by Gerfen and Hall 2001 or Bishop 2007). However, this paper aims to develop a more detailed analysis of gemination that takes into account the discrete classification of gemination and of covariants of gemination in a series of five different contrasts (listed below) to see whether the identity of the underlying consonant can also be detected, or at least to see to what extent this can be established using different measurements.



Conservative varieties of Spanish, which do not reduce or delete codas, only have singleton consonants; innovative varieties of Spanish, which delete codas, typically have a singleton–geminate surface contrast, e.g., /VCV/ > [VCV] v /VC1C2V/ > [VC:2V]. We consider this surface contrast to be phonetic and not underlying, because, for example, in highly normative production, influenced by the written standard, the underlying cluster can potentially surface. This approach is consistent with descriptions of EAS and other geminating varieties of Spanish by other scholars, e.g., Monroy and Hernández-Campoy (2015) on Murcian Spanish or Torreira (2012) on WAS. Furthermore, we still do not have a detailed picture of what other covariants exist in the singleton–geminate contrast. It should be noted that, while consonant duration is considered the main cue to gemination, vowel duration is a covariant. Although this study does not explore perception, a greater understanding of phonetic features could help clarify which cues are the most likely ones to act or not at a perceptual level, thus also providing clues to the potential phonologization of the singleton–geminate contrast in EAS and other innovative varieties of Spanish. Evidence from Spanish would in turn also contribute to the increasing body of research on gemination across languages (e.g., Hamzah et al. 2016; Hedia and Plag 2017; Kubozono 2017; Ridouane and Turco 2019).



In other languages, such as Japanese and Italian, research has shown that gemination (i.e., increased consonant duration) is usually accompanied by other acoustic cues or predictable covariants, such as shortening the vowel preceding the geminated consonant in Italian (e.g., Esposito and Di Benedetto 1999). Idemaru and Guion (2008) identified the following covariants of consonant gemination in Japanese: (a) vowels preceding a geminated consonant are longer in duration, whereas vowels following a geminate are shorter; (b) F0 and intensity changes between these vowels are greater in geminates; and (c) there is more creaky voicing in vowels following geminates. Idemaru and Guion (2008, p. 183) also concluded that vowel duration, F0 and intensity changes have “fairly strong categorization power” for Japanese. In Pattani Malay, amplitude is greater in syllables after geminates, and this helps the perception of the contrast (Abramson 1992). Languages also differ in the function and directionality of covariance. Bengali shows greater levels of intensity in words that contain a geminate, whereas Turkish does not (Idemaru and Guion 2008). The reasons for cross-linguistic variation, such as different vowel duration effects before geminates in Italian, Japanese and other languages, remain unknown (see also Maddieson 1984; Khattab and Al-Tamimi 2014). However, it should also be noted that, although studies investigating gemination usually focus on well-established lexical or phonemic contrasts, as is the case of gemination in Japanese and Italian, the current paper analyzes phonetic gemination occurring as a result of /C1C2/ to [Cː] assimilation. EAS is particularly unusual when compared to other languages studied with respect to gemination, as EAS does not have an established underlying or lexical consonant length contrast, but a phonetic one resulting from synchronic consonant cluster reduction. The status of EAS gemination makes this particular study therefore typologically interesting because it also seeks to cast light on the process of the phonologization of gemination on the path to underlying contrastivity, e.g., /ˈpakto/ > [ˈpakto] > [image: Languages 08 00099 i013] pacto, ‘pact’, in EAS is in contrast, for instance, to Italian, in which all trace of the original non-homorganic consonant (seen in Latin PACTU) is lost at all levels of representation, hence having only /ˈpat:o/ > [ˈpat:o] patto, ‘pact’.



1.1. Background


EAS gemination was first identified by Schuchardt (1881) as a result of the assimilation of the historical /s/ through an intermediate phase of articulatory reduction, referred to traditionally as ‘aspiration’, i.e., /sC/ > /hC/ > /Cː/ giving, for example, pasta, ‘pasta’, [ˈpasta] > [image: Languages 08 00099 i014] > [image: Languages 08 00099 i015]. However, all EAS consonants assimilate to the following consonant in word-medial clusters except /l/, /n/ and /r/, which only do so under more limited conditions (Herrero de Haro and Hajek 2022). As a result, the surface geminate inventory is large in EAS.



The realization of the lenited /s/ is itself highly variable synchronically. The underlying phonological sequences /sp/, /st/ and /sk/ are of particular interest because, in addition to a lengthened stop closure at the surface, they have also been found to be produced with pre-aspiration preceding the stop closure, for example, casta, ‘caste’, [ˈkahtːa] ~ [ˈkahtːa] in some studies (Gerfen 2002; O’Neill 2010) and with post-aspiration after the stop closure in other studies, for example, casta, ‘caste’ [ˈkatːha] (Torreira 2007a, 2012; Parrell 2012).



EAS gemination has also been identified as the primary cue to distinguishing minimal pairs. Bishop (2007, p. 1765) concluded that, when /s/ is produced as [h] word-medially in EAS, the lengthening of the stop consonant, rather than [h], acts as a “a strong, disambiguating cue to listeners in making phonemic decisions as to an underlying coda”.



Going even further, EAS gemination can mark other contrasts apart from an underlying coda versus zero. According to Gerfen and Hall (2001, p. 2), there is a “subtle yet consistent production pattern distinguishing forms derived from an underlying /s/ and those derived from an underlying voiceless stop (/p/ or /k/)”, such as in casta /ˈkasta/ ‘caste’ and capta /ˈkapta/ ‘he/she captures’. Gerfen (2002) found that consonant lengthening increases in the context of an underlying /s/, whereas the duration of the preceding vowel decreases. It has also been posited that, in EAS, consonant gemination is a more reliable indicator than vowel lengthening to mark an underlying /s/ (Gerfen and Hall 2001; Gerfen 2002; Bishop 2007; O’Neill 2010), although Carlson (2012) proposed the opposite. Additionally, Bishop (2007) found that an increase in the closure duration of the stop following a deleted /s/ made his listeners perceive hasta, ‘until’, as apta, ‘capable’.



Gemination has also been widely studied in the closely related variety of Western Andalusian Spanish (WAS) (e.g., Torreira 2012). Consonant deletion or assimilation triggers pre- and/or post-aspiration of the following consonant, but this is much more common in WAS than it is in EAS. In addition, the former also presents higher duration values for pre- and post-aspiration than those in the latter variety (e.g., Herrero de Haro 2017b). Lenited tokens also present longer VOT values in WAS than those in the Spanish spoken in central Spain (Henriksen and Harper 2016). In WAS, underlying /sp/, /st/ and /sk/ are produced with longer VOT at the surface than that of simple intervocalic voiceless stops (Torreira 2007a, 2012; Parrell 2012; Ruch and Harrington 2014; Henriksen and Harper 2016). The sequence /st/ can surface as [st] (when reverting to a normative pronunciation based on more formal Standard Spanish), [ht] or [th] in WAS, but it is most common with post-aspiration. Torreira (2012), Parrell (2012) and Ruch and Harrington (2014) believed that WAS post-aspiration is of a coarticulatory nature, arising when glottal spreading is produced at the same time as the closure of the voiceless stop, rather than before. Torreira (2012) hypothesized that any articulatory causes of lengthening in the articulation of /t/ or of a vowel are dialect-specific, as “extensive overlap and consonantal lengthening do not occur in the [hC] clusters of other [non-Andalusian] Spanish varieties” (Torreira 2012, p. 49). In WAS, segmental sequences formed of a vowel, an underlying /s/ and a voiceless stop are longer when pre-aspiration is present than when there is no pre-aspiration but there is a lengthened VOT (O’Neill 2010). Younger WAS speakers produce words such as lista, ‘list’, with aspiration following a long stop closure (i.e., [ˈlitːha]). In WAS, there is a trading relationship between pre-aspiration on the one hand and VOT, and closure duration on the other, which seems to indicate that any variation found in pre- and post-aspiration is due to the timing of glottal and supraglottal gestures (O’Neill 2010). Similar links between gemination, pre-aspiration and post-aspiration have also been found in other languages, such as in Italian (e.g., Stevens and Hajek 2007). As posited above, overlapping can account for a wide variety of alternations depending on gestural overlap. It should also be noted that the type of pre- and post-aspiration noted in Andalusian Spanish is different from that which appears in languages such as Icelandic or Scottish Gaelic, in which these phenomena occur segmentally and are not related to reductions in an adjacent segment (Ruch and Peters 2016). Moreover, in Andalusian Spanish, (pre-)aspiration is not limited to /s/ preceding voiceless stops but can occur in all contexts (including before sonorants) in which a syllable-final /s/ is debuccalized (e.g., isla, ‘island’, [ˈihlːa]; mismo, ‘the same’, [ˈmihmːo]; etc.).



Although previous studies on EAS gemination have studied occlusion, the pre- and post-aspiration of the consonant and the duration of the first vowel (V1), no study to date has considered other possible covariants, such as the duration of the second vowel (V2), or F1 and F2 values for V1 and V2. Examining cues other than duration could help us better understand the precise nature of EAS gemination in a word context. Even if consonant length is the primary cue to distinguishing between singleton and geminated consonants in EAS, such as in, e.g., Italian, Japanese and Hindi (Esposito and Di Benedetto 1999; Pickett et al. 1999; Payne 2005; Turco and Braun 2016), additional secondary cues might also be at play.




1.2. Aims and Research Questions


The aim of the present paper is to analyze the complex relationship between consonant deletion and the gemination of the following /t/ in EAS. In the first instance, this study examines whether the deletion of a word-medial coda (/s/, /k/, /p/ or /ks/) triggers the regular gemination of a following /t/ in EAS. It also aims to identify the potential covariants (durational and non-durational) of gemination in EAS through a series of acoustic and statistical analyses before proceeding to determine by means of a Discriminant Function Analysis (DFA) the relative predictive weight of individual covariants, both overall and also according to the identity of the underlying deleted consonant. Finally, it explores the reasons that might explain any different phonetic realizations that arise due to consonant deletion.



This study is motivated by previous findings for other languages (e.g., Idemaru and Guion 2008 for Japanese) as well as for EAS (e.g., Gerfen 2002). For this, we investigate the durational and non-durational differences of gemination of /t/ in a series of related structures, i.e., the underlying sequences of the segments /ˈeta/, /ˈesta/, /ˈekta/, /ˈepta/ and /ˈeksta/ embedded in actual lexical contexts, to see if the singleton–geminate distinction in these words in EAS is solely dependent on: (a) whether or not /t/ in these forms is preceded by any deleted consonant, regardless of its underlying identity, or (b) whether, in turn, some features present different values depending on what the preceding underlying consonant is. It was decided to focus on /t/, given how rich and frequent the context of /ˈe(C)ta/ is in EAS, which allows us to investigate real words rather than pseudowords and to control for the place and manner of articulation. Likewise, studies on EAS and WAS gemination usually focus on voiceless stops, and this allows for a better comparison between the present study and past ones. Further research on other geminated EAS consonants is, of course, still needed.



Based on the /ˈe(C)ta/ frame of words, such as /ˈeta/ and /ˈesta/, the acoustic features studied in the present study are the (a) F1 (in Hz) of /e/, (b) F2 of /e/, (c) duration of /e/ (in ms), (d) closure duration of /t/, (e) VOT of /t/, (f) F1 of /a/, (g) F2 of /a/ and (h) duration of /a/. The variables Closure duration and VOT are added to obtain the variable Total duration of /t/ (as in Idemaru and Guion 2008). Duration of /e/, Closure duration, VOT, and Duration of /a/ were added to obtain the variable Total duration of the sequence. It was decided to investigate consonantal occlusion, VOT and the duration of the vowels, as they have been investigated in gemination studies in other languages (e.g., Esposito and Di Benedetto 1999 on Italian); vowel formants are included in the analysis, as research has shown that specific F1 and F2 values can be used to identify underlying consonants in EAS (e.g., Herrero de Haro 2017c).



The present study investigates the following research questions:




	
Does the deletion of /s/, /k/, /p/ or /ks/ in the word-medial coda position trigger the gemination of a following /t/ in EAS? We expect so, because coda deletion has been shown to trigger gemination in EAS, although no experimental study has investigated this in all of these phonetic contexts.



	
Does the closure duration or VOT of /t/ vary consistently depending on whether it follows an underlying /s/, /k/, /p/ or /ks/? We expect so, because some studies have found durational differences in closure and VOT in EAS depending on the underlying consonant, although this has been studied in sequences that are different from the ones investigated here.



	
Are there other covariants of gemination? If so, do these vary depending on the underlying preceding consonant, and what is their relative predictive weight? We expect other covariants of gemination to be present because this is the case cross-linguistically, and phonetic changes usually do not occur in isolation. We are unsure regarding their predictive power, as durational differences and vowel formants have both shown to be very reliable cues for identifying underlying consonants in EAS.



	
What explains any different phonetic realizations that may arise due to consonant deletion? We believe that some coarticulatory processes might still be at play because some studies have shown evidence that supports underlying consonant-specific coarticulation in EAS. A trading relationship might also explain the patterns of variation of certain features, such as an increase in the duration of a feature being accompanied by a reduction in the duration in another one, because this has been reported for EAS and cross-linguistically.



	
What pattern of variation do gemination and covariants of gemination display in a language variety in which gemination is the result of consonant assimilation and the phonemic status of gemination has not been demonstrated? Because surface gemination is the norm in EAS, we anticipate patterns of EAS gemination and covariants of gemination to be similar to those of languages with fully phonemic gemination.



	
What cross-linguistic implications derive from the research in this paper? We are interested in knowing to what extent the findings we report follow similar patterns in other languages, perhaps showing a higher degree of similarity with typologically similar languages, such as Italian.










2. Materials and Methods


2.1. Protocol and Speakers


The first author visited his native town of El Ejido (Almería) in Eastern Andalusia and neighboring towns to gather audio data. The participants were asked to name a series of objects presented in photographs on a printed PowerPoint presentation. Carrier phrases were not used to avoid coarticulatory effects and to reduce fatigue in the participants. The elicitation task only started after a few minutes of informal conversation in order to make the participants as relaxed as possible and to encourage speaking in their normal EAS accent. This methodology was motivated by the fact that Andalusian speakers can present more normative pronunciation when their speech is being analyzed, and various studies have identified the need to elicit data that are as authentic as possible for the study of regional variation by local interviewers (e.g., Martínez Melgar 1986; Henriksen and Willis 2010). As explained by Herrero de Haro and Hajek (2022), coda consonants are more likely to be produced by EAS speakers when they adopt or move toward a more normative pronunciation. More formal conversations or settings can trigger the pronunciation of codas in EAS and fewer instances of regional variation in general (e.g., Ruch and Peters 2016; Tucker and Ernestus 2016; Hedia and Plag 2017). Picture identification in an informal setting was chosen as a mid-point between laboratory pronunciation and spontaneous speech because free speech would not produce the necessary number of tokens for each context of /t/, and controlled settings such as reading usually result in hypercorrection. The first author, the interviewer, is a local, and his accent and trivial topics of conversation made the participants feel at ease when using their vernacular accent. Using photographs to elicit words with the desired phonemic contexts also aimed to help control speech rate, which has been found to have an effect on aspiration (e.g., Parrell 2012; Ruch and Peters 2016). The samples analyzed for the present paper were provided by ten speakers from Western Almería (five males and five females) between the ages of 25 and 45. We have no reason to believe that the results from this paper cannot be generalized to Eastern Andalusia as a whole, but this could be investigated in a future paper.




2.2. Data Collection


The phonemic contexts analyzed in this paper are /ˈeta/, /ˈesta/, /ˈekta/, /ˈepta/ and /ˈeksta/, which, as seen below, are embedded in native lexical items. Coda reduction or the assimilation of consonants other than /s/ has received little attention in EAS (cf. Gerfen 2002). As explained in several earlier studies (e.g., Gerfen 2002; Herrero de Haro 2018), the sequence /ˈeta/ is pronounced [ˈeta] in EAS, whereas the other four sequences are generally pronounced [image: Languages 08 00099 i002]. All the items used in this study have the structure /ˈe(C)ta/ to control for stress position and vowel category.



Photographs were used to elicit as many words as possible; however, on some occasions, it was necessary to include a definition to elicit a particular word, such as cuarta, quinta y…, ‘fourth, fifth and…’, to prompt sexta [image: Languages 08 00099 i004], ‘sixth’. To avoid any bias, the researcher never modelled the word but defined it so that each speaker drew the pronunciation from their linguistic memory. Tokens were discarded if a participant did not know a particular word and if the researcher said it before the participant. Each speaker was asked to say each word five times, but to minimize any possible listing effect, as identified in Khattab and Al-Tamimi (2014), only the first four repetitions were analyzed. The recordings were made in local schools, at the participant’s house or in the local library, but the process was always the same.



Tokens were discarded for any one of the following reasons: (1) if the typical features of EAS were not apparent, such as a speaker producing the sequence /st/ as the normative Standard Spanish [st], which is not normal or expected in vernacular EAS; (2) if there was no visible pause between repetitions; and (3) if one of its features (e.g., F2 of /e/) could not be reliably measured.



The words that the participants were asked to produce are included in Table 1; limited lexical options in particular contexts explain the imbalance in the dataset. We are not aware of research on the effect of word frequency on the production of geminates, and we are unable to account for any effects of the word frequency of target tokens.



With a total of 15 words, 10 participants and 5 repetitions for each word, a total of 750 words were recorded. As previously explained, the fifth repetition of each word was discarded to avoid issues created by the listing effect (150 words). Out of the remaining 600 words, 156 were discarded for the reasons outlined above. A total of 444 tokens were analyzed for the present study. We understand that a bigger data set would have been preferred; however, it is worth noting that other recent studies of gemination have analyzed similar data sets (e.g., Hedia and Plag 2017 had 314 tokens, and Strycharczuk and Koen 2018 had 500 tokens). Our corpus includes nouns, adjectives and verbs, but it is important to state that previous studies focusing on gemination have not found links between phonetic features and lexical status (Idemaru and Guion 2008). It is believed that lexical status acts mainly at the perceptual level rather than at the production level (Walley and Flege 1999). A breakdown of the number of tokens is included in Table 2.




2.3. Acoustic Analysis


There is some disparity among methodologies used to classify vowel duration in different varieties of Spanish. For example, Gerfen (2002) and Torreira (2007b) reported that, when an underlying /s/ is produced as [h], vowels are longer than vowels in open syllables only if the period of aspiration is considered as part of the vowel. Alternatively, if the period of aspiration is not considered part of the vowel preceding [h], vowels are shorter in this context than those in open syllables. Different methodologies can yield different results, and this outcome must be considered when comparing our results to previous studies.



The examination of pre- and post-aspiration was an initial aim of the present study, but pre-aspiration was only found in 56 out of 444 tokens (12.6%), and post-aspiration was found only in 14 of them (3.2%). This contrasts with the findings of Gerfen (2002), who found that /sC/ and /C/ differ in the presence of aspiration preceding the stop closure, but this difference could be due to the fact that both studies focus on different geographical areas where EAS is spoken. Therefore, although the acoustic cues to identify pre- and post-aspiration were used in segmentation in the present study, given their respective low frequencies, pre-aspiration was combined into closure duration, and post-aspiration was combined into VOT, in a similar fashion to Stevens and Hajek (2010) and Henriksen and Harper (2016). It should be noted that the co-occurrence of pre- and post-aspiration with the same consonant is rare cross-linguistically (Helgason and Ringen 2008; Torreira 2012).



As in Herrero de Haro (2017c, 2019b), the first and second vowel formant frequencies were measured from the stable section closest to the peak of intensity. Vowel stability is characterized by minimal movement in F1 and the F2. This coincides to a high degree with the center of the vowel and reduces the impact of possible coarticulation caused by neighboring segments. Praat’s LPC algorithm (Boersma and Weenink 2016) was used to measure formant values. Taking the average formant value from a section of the vowel rather than measuring a specific point also reduces the impact created by formant fluctuation and transitions (Warren 2018). A comparison of different methods to measure vowel formants (e.g., values at a single point or averaged over the entire vowel) concluded that the different results obtained from the various methods are marginal and that all methods give essentially the same outcomes (Van Son and Pols 1990, p. 1962). Following Torreira and Ernestus (2011), vowel formants were not normalized, and the present analysis was based on raw formant values in Hz. Speaker differences were accounted for by coding speakers as random factors in the statistical analysis.



All Praat settings were set to default (Boersma and Weenink 2016) except for the maximum formant (Hz), which was set at 5000 Hz for male speakers and 5500 Hz for female speakers, as recommended by Wikström (2013).



The onset and offset of different features were identified using cues from both the spectrogram and the waveform, although waveforms were used to mark specific points because they have been reported to allow for a better resolution than that of spectrograms (Torreira 2007a). Figure 1 illustrates how the audio was segmented; F indicates where F1 and F2 were measured, P means pre-aspiration, O stands for occlusion, and V stands for VOT. The criteria used for segmentation are explained below.



	(a)

	
The onset of /e/ was determined at the last zero-crossing before an intense increase in energy in the F2 and F3 of the vowel; using the F2 and F3 of vowels to identify cut points for segmentation as has also been done in other studies (e.g., Torreira 2012). The offset of /e/ was marked at the zero-crossing of the last harmonic cycle before the occlusion of /t/ or, if there was aspiration present, before the period of a breathy voice.




	(b)

	
Aspiration before the occlusion of /t/ (if present) was marked at the offset of /e/, as in Stevens and Hajek (2010). Following Torreira (2007a, p. 115), the offset of /e/ was defined as “the point where F2 showed a clear decrease in energy, regardless of whether the following aspiration period displayed some sort of breathy voicing or plain aspiration”. Using a clear decrease in F2 energy to mark the offset of a vowel is common in the literature (e.g., Henriksen and Harper 2016). The offset of pre-aspiration (if present) was marked at the first zero-crossing after the abrupt decrease in energy following the breathy voice period. Following Torreira (2007a) and Henriksen and Harper (2016), the offset of aspiration was identified based on the presence of frication noise in high frequencies (4000–5000 Hz).




	(c)

	
Following Henriksen and Willis (2010, p. 118), “the acoustic cues leading to the determination of an ‘occlusion’ were a reduction or cessation of formant structure and reduced waveform amplitude”. The onset of the occlusion of /t/ was marked at the offset of /e/, at the first zero-crossing after an abrupt decrease in amplitude on the waveform, which (typically) manifested on the spectrogram as a decrease in energy in the F2 and F3 regions of the previous vowel (Torreira 2012), as a decrease in its formant intensity (Henriksen and Harper 2016); and as lack of (Gerfen and Hall 2001) or an abrupt decrease in energy in the waveform (Gerfen and Hall 2001; Hedia and Plag 2017). The offset of occlusion was identified at the beginning of the release of /t/, as in Henriksen and Harper (2016). This release can be easily identified in the waveform as a small increase in amplitude and in the spectrogram as a sudden burst of energy (Gerfen and Hall 2001).




	(d)

	
The onset of the VOT of /t/ was marked at the offset of occlusion. The offset of the VOT of /t/ was identified according to the appearance of the clearly defined F1 and F2 of /a/ (if no post-aspiration present), and it was marked at the last zero-crossing before an abrupt increase in energy was first detected after the onset of the VOT. If there was post-aspiration of /t/, the offset of the VOT was marked at the ending point of the VOT at the downward zero-crossing before a whole first cycle could be perceived in the signal (Torreira 2007a); the criteria to identify post-aspiration were the same as those used for pre-aspiration. Using waveforms to identify the VOT has also been done in other studies analyzing varieties of Andalusian Spanish (e.g., Torreira 2007a). As Torreira (2007a, p. 115) stated, “even though this method cannot be considered entirely faithful to the events in the speaker’s glottis, the signal being the result of overlapping supraglottal and glottal gestures, it appeared to be a consistent way of measuring VOT in the absence of articulatory data”. Citing Stevens (1998, p. 456), Torreira (2007a) explained how the stop release, a period of supraglottal frication, and post-aspiration overlap in the signal.




	(e)

	
The onset of /a/ was marked at the offset of the VOT. The onset of the vowel was defined as the first zero-crossing of the first oscillation of the waveform following the burst (Turk et al. 2006; Nadeu 2016). If there was post-aspiration, the offset of post-aspiration was identified according to the appearance of the clearly defined F1 and F2 of /a/. Although F2 is more reliable when identifying the onset of a vowel after a stop (e.g., Idemaru and Guion 2008), both F1 and F2 were used to minimize any potential errors. Although voicing has been used in other studies of WAS to mark the onset of a vowel (e.g., Torreira 2012), using voicing in that way was avoided in the present paper, as breathy voice can be voiced in Spanish (e.g., Torreira and Ernestus 2011), and some of our samples showed that aspiration can be voiced in EAS. This phenomenon has been reported before (e.g., Navarro Tomás 1939; Alarcos Llorach 1958). Moreover, some of our samples presented voicing of the stop closure. This phenomenon has been documented in other varieties of Spanish spoken in Spain and Latin America (O’Neill 2010; Torreira and Ernestus 2011 and references therein; Ruch and Peters 2016), but the voicing of voiceless stops is more frequent in Almería than it is in other Andalusian provinces, such as Granada, Seville and Cádiz (O’Neill 2010). Therefore, all measurements were taken manually, as automatic procedures could not be relied upon (e.g., segmenting using pitch trackers based on ESPS/Waves as in Scheffers 1983). Furthermore, lenition is linked to a higher percentage of voicing as a coarticulatory effect of the glottis having to adapt to conflicting configurations (Hoole 1999).




	(f)

	
The offset of /a/ was marked at the first zero-crossing in the waveform after an abrupt decrease in energy in the F2 of the vowel, as per Torreira (2007a). Using changes in energy levels in the F2 has also been used to delimit the offset of vowels by other researchers (e.g., Turk et al. 2006; Nadeu 2016).




	(g)

	
As with /e/, the F1 and F2 of /a/ were measured from the stable section closest to the peak of intensity.








2.4. Statistical Analysis


The statistical analyses were performed using SPSS version 27. It was divided into two parts: standard inferential testing in the first instance (Section 3.2, Section 3.3, Section 3.4, Section 3.5, Section 3.6, Section 3.7, Section 3.8, Section 3.9, Section 3.10 and Section 3.11), followed by a DFA in which this was relevant (see Section 3.12). The bar graphs of means with 95% confidence intervals were inspected first to compare the effects of phonemic contexts, gender and order on the dependent variables (the acoustic features measured). Due to lexical limitations, the phonemic contexts of /ˈeta/, /ˈesta/, /ˈekta/, /ˈepta/ and /ˈeksta/ could not be investigated entirely just in disyllabic words; longer words had to be used in some cases. However, some studies on gemination have controlled for word duration and have found it to be non-significant (Hedia and Plag 2017). It could be argued that the relative rather than absolute duration of durational features should be used in a statistical analysis to account for differences in word length, so a series of linear mixed-effects models were built to explore this. The durational features of our study (Duration of /e/, Closure duration, VOT, Total duration of /t/ and Duration of /a/) and the durational features divided by the duration of each syllable were used as the dependent variable. The phonemic context was coded as the independent variable, and the speaker was entered as a random variable, with random intercepts and slopes. Following Field (2018, p. 966), the covariance structure Unstructured was used. The duration of /e/, closure duration, VOT, total duration of /t/ and duration of /a/ were identified as significant or non-significant by the linear mixed-effects models in the same cases regardless of whether the dependent variable was an absolute measure or a relative measure (durational measure divided by syllable length); in other words, using absolute or relative measures yielded the same results. With this in mind, we focused on absolute duration rather than on relative duration in EAS geminated /t/ because studies on geminates have shown that the absolute duration yields more powerful models (Oh and Redford 2012; Hedia and Plag 2017). A mixed ANCOVA with each acoustic measure as its own dependent variable and phonemic context as the independent variable was run; this test was chosen because it can compare one variable between groups while controlling for covariates (Field 2018, pp. 745–46). All assumptions of the ANCOVA were tested as per Field (2018, pp. 574–603), and these were met. In order to control for speaker variability, the order (first, second, third or fourth repetition of a word), gender and speaker were entered as random variables; as per Eddington (2015, p. 110), these are factors that we wanted to account for but whose differences in results were not of interest to the study. If the ANCOVA was significant, a complex contrast based on the maximized contrast for phonemic context (specific to each ANCOVA) was run. If this was significant, a complex contrast was carried out. Scheffé rather than a Tukey post hoc test was used to determine significance because the Scheffé test does not assume an equal number of scores for each group (Eddington 2015, p. 66). It should be noted that simplifying statistical analyses by excluding non-significant predictors is standard practice (Baayen 2008; Turco and Braun 2016; Hedia and Plag 2017). If a complex contrast has an F score above 11.69, then it is considered significant (p < 0.05) (Wallenstein et al. 1980). An effect size measure (ηp2) is also given because this is more reliable than a p value when measuring significance (Eddington 2015, pp. 19–20). Finally, a DFA was performed as per Field (2018, pp. 974–83) to identify which dependent variables discriminate phonemic contexts better; all assumptions for the DFA were tested for and met, as per Burns and Burns (2008, pp. 589–606). Covariants’ effects can overlap, but a DFA “provides categorisation power of a specific factor regardless of whether that effect/contribution overlaps with other factors” (Idemaru and Guion 2008).




2.5. Inter-Rater Reliability Test


To ensure that appropriate coding was followed and to avoid rater bias, the audio was segmented by two different raters. An inter-rater reliability test was conducted to identify any possible variation with respect to the segmentation of the data.



Rater 1, a native speaker of English, analyzed 301 out of the 444 tokens in this study, and Rater 2 (the first author), a native speaker of Spanish, analyzed the remaining 143 tokens. An inter-rater reliability (henceforth IRR) test was carried out to see whether these data could be merged.



Rater 2 analyzed 41 tokens of the 301 analyzed by Rater 1 (13.6%); this percentage is similar to that used in similar studies (e.g., 12.4% in Henriksen and Harper 2016; 13.4% in Regan 2017). A minimum of 12.5% of samples were analyzed for each of the five independent variables (i.e., 15/113 for /ˈeta/, 7/49 for /ˈesta/, 9/66 for /ˈekta/, 7/51 for /ˈepta/ and 3/22 for/ˈeksta/). Tokens were also spread as equally as possible amongst all the speakers. IRR was undertaken via a series of intra-class correlation (ICC) tests on SPSS. This type of test can be used to estimate IRR quantitative data and has been identified as the most appropriate for the type of data analyzed in our study.



Following methodologies outlined in Hallgren (2012), Landers (2015) and Koo and Li (2016), the necessary restrictions and assumptions were examined and met for our data (e.g., an equal number of ratings per rater). Following Landers (2015), the ICC coefficient model was set as “two-way mixed” on SPSS, because both raters rated all participants that were compared in the inter-rater reliability test. Following Hallgren (2012) and Landers (2015), “Type” was set as “absolute agreement”, as it was important for the measurements of both raters to be similar in absolute value.



Table 3 includes the results of the ICC. In each of the five data columns, the results on the left are single measures (index for the reliability of one rater), and the ones on the right are average measures (index for the averaged reliability of different raters). An ICC estimate of 1 indicates perfect agreement, and 0 only indicates random agreement (Hallgren 2012). There is, however, no agreement regarding how to interpret ICC coefficients. For example, Hallgren (2012) (citing Cicchetti 1994), provided the following classification for qualitative ratings of agreement: IRR is poor if under 0.40, fair if between 0.40 and 0.59, good if between 0.60 and 0.74 and excellent if between 0.75 and 1.0.



Following Koo and Li (2016) and Hallgren (2012), the IRR was analyzed via SPSS using a two-way mixed, 95% confidence interval, absolute agreement ICC (McGraw and Wong 1996) to examine the consistency of the acoustic analysis between both raters.



According to the criteria outlined in Cicchetti (1994), the ICC average measures present excellent agreement in all cases except in the case of the duration of /e/ for /ˈesta/, which has good agreement. The agreement in single measures is excellent for all variables, except in the F1 of /a/ and duration of /a/ for /ˈepta/ and the VOT of /t/ for /ˈeta/, which have good agreement, and in the duration of /e/ for /ˈesta/, which shows fair agreement. Overall, there is a high degree of agreement between the raters, and merging the data from Rater 1 and Rater 2 is justified.





3. Results


3.1. Acoustic Analysis


Average values for the results from the acoustic analyses are presented in Table 4. Values in brackets are the ratios of the duration of /e/, /t/ and /a/ in geminates compared to singletons. Although analyzing differences between genders is not a focus of this study, we include some information for readers’ interest.



The data from Table 4 are easier to appreciate in Figure 2, Figure 3, Figure 4 and Figure 5. Formants and durational variables are grouped to allow for better interpretation (e.g., F1 and F2 values are not grouped together, as the variation in F1 is difficult to appreciate when the Y-axis extends to over 2000 Hz).




3.2. F1 of /e/


The mixed ANCOVA reveals a significant effect for phonemic context (F (4, 29) = 3.28, p = 0.025, ηp2 = 0.310). A post hoc strategy was undertaken in which, first, the maximized contrast was constructed, and then a complex contrast that was most likely to reach significance was constructed. The maximized contrast is simply a contrast in which the coefficient for each group in the contrast is the deviation between its mean and the mean of all groups combined (grand mean). The sequences /ˈeta/ and /ˈekta/ present a lower F1 of /e/ compared to the grand mean, and /ˈesta/, /ˈepta/ and /ˈeksta/ are above average. A complex contrast comparing the phonemic contexts /ˈeta/ and /ˈekta/ to /ˈesta/, /ˈepta/ and /ˈeksta/ was run, which resulted in non-significance (F (1, 270) = 9.30, p > 0.05, ηp2 = 0.033). This means that, when /ˈeta/ and /ˈekta/ are compared to /ˈesta/, /ˈepta/ and /ˈeksta/, there is no appreciable difference in F1. Phonemic context has a significant effect on F1 only when considering all phonemic contexts together, but comparisons across phonemic contexts are not significant.




3.3. F2 of /e/


The mixed ANCOVA reveals a significant effect for phonemic context (F (4, 27) = 10.4, p < 0.001, ηp2 = 0.607). A maximized contrast was performed to understand where the differences in F2 lie among the five contexts. The results suggest that /ˈeta/ and /ˈepta/ have a much higher F2 than the grand mean, whereas /ˈesta/ and /ˈeksta/ have one that is much lower. The complex contrast is significant (F (1, 270) = 91.18, p < 0.05, ηp2 = 0.252), with the F2 of /ˈeta/ and /ˈepta/ found to be 158 Hz higher than those of /ˈekta/ and /ˈeksta/ (/ˈesta/ is not included in the comparisons of the means because it has a negligible difference compared to the grand mean).




3.4. Duration of /e/


The mixed ANCOVA reveals a significant effect for phonemic context (F (4, 27) = 6.44, p = 0.001, ηp2 = 0.484). The maximized contrast shows that /e/ is longer in /ˈeta/ and /ˈepta/ than it is in /ˈesta/, /ˈepta/ and /ˈeksta/. The complex contrast is significant (F (1, 270) = 32.56, p < 0.05, ηp2 = 0.108), with the duration of /e/ in /ˈeta/ and /ˈepta/ being 9.72 ms longer than it is in /ˈesta/, /ˈekta/ and /ˈeksta/.




3.5. Closure Duration


The mixed ANCOVA is significant for phonemic context (F (4, 27) = 133.3, p < 0.001, ηp2 = 0.950) and has a very large effect size. The maximized contrast confirms that the closure duration in /ˈeta/ is much shorter than those of the rest. The complex contrast is significant (F (1, 270) = 716.67, p < 0.001, ηp2 = 0.726). The results indicate that the closure duration is 72.2 ms shorter in /ˈeta/ than it is across the other four phonemic contexts.




3.6. VOT of /t/


The mixed ANCOVA reveals a significant effect for phonemic context (F (4, 26) = 3.43, p = 0.022, ηp2 = 0.350). The maximized contrast shows that /ˈeta/ and /ˈeksta/ should be compared to the other three phonemic contexts (/ˈesta/, /ˈekta/, and /ˈepta/). The complex contrast is significant after applying the Scheffé method (F (1, 270) = 54.46, p < 0.05, ηp2 = 0.168). The complex contrast indicates that the VOT of /t/ is 3.8 ms shorter in /ˈeta/ and /ˈeksta/ than it is in /ˈesta/, /ˈekta/ and /ˈepta/.




3.7. Total Duration of /t/


Closure duration and VOT are combined to obtain the variable Total duration of /t/ (as in Idemaru and Guion 2008). The mixed ANCOVA is significant for phonemic context (F (4, 28) = 138, p < 0.001, ηp2 = 0.952). The maximized contrast shows that the total duration for /t/ is shorter than the average duration of /t/ across the five contexts in the case of /ˈeta/, and it is greater for the other four phonemic contexts. The total duration for /t/ in /ˈeta/ is 77.4 ms shorter compared to the average duration of /ˈesta/, /ˈekta/, /ˈepta/ and /ˈeksta/, which is shown to be significant in the complex contrasts (F (1, 270) = 812.2, p < 0.001, ηp2 = 0.751).




3.8. F1 of /a/


The mixed ANCOVA is not significant for phonemic context (F (4, 27) = 1.72, p = 0.175, ηp2 = 0.204), so no further post hoc tests are carried out.




3.9. F2 of /a/


The mixed ANCOVA is non-significant for phonemic context (F (4, 27) = 2.72, p = 0.05, ηp2 = 0.288). No further post hoc analyses are carried out.




3.10. Duration of /a/


As the mixed ANCOVA is non-significant for phonemic context (F (4, 27) = 1.39, p = 0.265, ηp2 = 0.168), no follow-up post hoc analysis is performed.




3.11. Overall Duration of Sequence


The mixed ANCOVA is significant for phonemic context (F (4, 28) = 41.5, p < 0.001, ηp2 = 0.854). The maximized contrast shows that the total duration of the sequence for /ˈeta/ is much shorter compared to the other four phonemic contexts. The complex contrast for this is significant (F (1, 270) = 228.8, p < 0.001, ηp2 = 0.459), suggesting that the total duration of the entire sequence is 67.8 ms shorter for /ˈeta/ compared to those of /ˈesta/, /ˈekta/, /ˈepta/ and /ˈeksta/.




3.12. Identification of Phonemic Contexts from Acoustic Measures


A separate Discriminant Function Analysis (DFA) is performed for features with significant differences (F1 of /e/, duration of /e/, closure duration of /t/, VOT of /t/, total duration of /t/ and total duration of the sequence). As in Idemaru and Guion (2008), this is performed to investigate exactly how well phonemic contexts can be predicted from differences in acoustic measures.



Table 5 shows the percentage of correct classification for each phonemic contrast. As the percentage becomes higher, it becomes easier for the model to accurately identify a phonemic context from a measured feature.



As Table 5 shows, the features are ordered in the following way regarding the level of accuracy of identifying /ˈeta/ and, hence, for distinguishing between singletons and geminates: total duration of /t/ (91.9%) > closure duration (90.6%) > total duration of the sequence (72.5%) > VOT of /t/ (65.1%) > F1 of /e/ (64.4%) > duration of /e/ (52.3%). It is important to remember that, although the percentage of identification for /ˈeta/ is the percentage of the classification of singletons vs. geminates, the percentage of identification for each of the other four sequences is the percentage of identification of a specific context (i.e., the underlying consonant); the value of 6.7% for the closure duration of /ˈekta/ means that the closure duration identifies the sequence /ˈekta/ correctly amongst the five phonemic contexts in 6.7% of cases. It should be noted that, although other studies in gemination have studied the contrast between singletons and geminates (e.g., Hedia and Plag 2017) or even different clusters causing gemination in EAS (e.g., Gerfen 2002), the present study includes five different phonemic contexts.





4. Discussion


The results of the acoustic and statistical analyses show that a singleton–geminate category is reliably present in EAS, at least at the surface level.



4.1. Formant Values


Overall, the F1/F2 measures for /e/ and /a/ vary very slightly according to phonemic context or gender. Although our analysis shows that /e/ opens before an underlying consonant in EAS, as has been widely reported for EAS (Herrero de Haro and Hajek 2022), there is no appreciable difference between the F1 of /ˈeta/ and /ˈekta/ compared to those of /ˈesta/, /ˈepta/ and /ˈeksta/. However, contextual differences for F2 are more evident. The statistical analysis shows that the F2 of /e/ in /ˈeta/ and /ˈepta/ is 158 Hz higher than that of /ˈekta/ and /ˈeksta/. This could indicate that, even though there is no indication of any gestures remaining from the underlying /k/ or /ks/, the vowel backs as though it is still affected by coarticulatory forces of a velar consonant; this phenomenon is described as underlying coarticulation by Herrero de Haro (2019a). This is a complex issue, as “underlying representations cannot be the sole base for articulation” (Hedia and Plag 2017). On the other hand, a higher F2 of /e/ in /ˈeta/ and /ˈepta/ could be explained as contact by /e/ with front consonants. No statistical difference is found for the F1 or F2 of post-consonantal final /a/, and it seems that the phonemic context has no effect on the acoustic measures of the vowel in question.




4.2. Durational Features


The closure duration, VOT, total duration of /t/ as well as overall duration of the sequence show that /ˈeta/ has the shortest duration out of the five phonemic contexts. Gender and order seem to have a very small effect on these four dependent variables.



Duration measures related to /t/ are found to be the most reliable cues. Constriction is known to be the most reliable cue for gemination across languages (Hamzah et al. 2016), and it predicts gemination with an accuracy of 90.6% in our study. Closure duration is, on average, 72.2 ms shorter in /ˈeta/ than it is in the other four contexts, and it follows this scale in the contexts with the following underlying consonants: /ˈepta/ > /ˈekta/ > /ˈeksta/ > /ˈesta/. This does not replicate the pattern assumed by Ruch and Peters (2016) for pre-aspiration in /s/ + voiceless stop sequences in EAS and WAS, who predicted that it would be longer in velar than it is in dental stops and shorter before a bilabial stop.



The complex contrast shows that the VOT of /t/ is 3.8 ms shorter in /ˈeta/ and /ˈeksta/ than it is in /ˈesta/, /ˈekta/ and /ˈepta/. The appearance of /ˈeksta/ in the first group shows that gemination is not always accompanied by a longer VOT. The percentage of identification is 65.1% for VOT of /t/, which has previously been identified as a strong cue for a preceding underlying consonant in clusters in EAS gemination (e.g., O’Neill 2010). It follows the following declining scale: /ˈepta/ > /ˈeksta/ > /ˈekta/ > /ˈesta/. Henriksen and Harper (2016), however, in their study of lenition in south-central Peninsular Spanish, found that dorsal consonants produce the highest VOT, followed by coronal and labial consonants. It should be noted, however, that the present paper studies EAS and that differences in results with Henriksen and Harper (2016) could be due to analyzing different varieties of Spanish. Furthermore, any difference in the results between studies could be due to geographical differences. One should be cautious believing that any findings in a specific EAS location apply to all EAS territory, as stated by Herrero de Haro and Hajek (2022). As explained by Ruch and Peters (2016), results on Andalusian gemination vary considerably between studies, and, as already noted, some researchers have found that different sociolinguistic features such as age cause differences in VOT in Andalusian Spanish. For example, Henriksen and Harper (2016) found fricatives to be longer before /k/ than those before /p/ or /t/, contra Méndez Dosuna (1985). The present study, however, identifies a trading relationship between closure duration and VOT, similar to what Henriksen and Harper (2016) suggested, with /s/ deletion causing the shortest occlusion and longest VOT in /t/ and /p/ deletion causing the longest occlusion and shortest VOT of /t/.



It should be noted that, for Torreira (2007a), even though post-aspiration in voiceless stops following aspirated /s/ in related WAS is regarded as the “acoustic consequence of a gestural reorganization at the onset of the syllable”, with some evidence also of post-aspiration previously reported for EAS (Ruch and Peters 2016), only 56 out of 444 (12.6%) tokens in the present corpus presented evidence of post-aspiration. Although Torreira (2007a) and Ruch and Peters (2016) concluded that there is a sound change in progress from pre- to post-aspiration in WAS and in EAS, there is not strong evidence of this for EAS in the present study.



The total duration of /t/ is the most reliable variable regarding identifying /ˈeta/ correctly and, as a result, for distinguishing short /t/ ([t]) in /ˈeta/ from geminated /t/ ([tː]) in all other contexts. This finding supports a similar claim by Gerfen (2002) and Bishop (2007), and it confirms that the deletion of /s/, /k/, /p/ and /ks/ in word-medial codas triggers the gemination of a following /t/ in EAS. Although studies such as Idemaru and Guion (2008) concluded that consonant duration can categorize singletons in 100% of cases and geminates in over 95% of cases in Japanese, the categorization power for the identification of singletons vs geminates in EAS is slightly lower at 91.9%. This could be due to the fact that EAS gemination is the result of an active process of regular /C1C2/ to [Cː] assimilation, as well as to the fact that five phonemic contexts are investigated in the present paper, instead of just singletons vs. geminates. Although the closure duration and total duration of /t/ can reliably identify /ˈeta/ with an accuracy of over 90%, the correct identification of a specific phonemic context is much lower when there is an underlying consonant before /t/. In sharp contrast to /ˈeta/ (72.80%), the overall values for correct identification show that the phonemic context with the highest percentage is /ˈesta/ (30.38%), followed by /ˈeksta/ (26.95%), /ˈepta/ (18.72%) and /ˈekta/ (7.28%). Interestingly, /s/ is the most frequent coda consonant in Spanish and the one with the highest functional load (Gerfen 2002); it is possible, subject to further investigation, that these two factors explain the higher rates of identification for /s/.



Regarding vowel duration, both /e/ and /a/ show some variability depending on the phonemic context, and males produce shorter vowels. Order, however, is usually very similar across phonemic contexts. The vowel /e/ is 9.72 ms longer in /ˈeta/ and /ˈepta/ than it is in /ˈesta/, /ˈepta/ and /ˈeksta/, but further research is required to understand whether this leads to any differentiation at a perceptual level. Although this difference is statistically significant, it is much smaller than the suggested just noticeable difference threshold of 25 ms identified by Klatt and Cooper (1975) and may not therefore provide a reliable perceptual cue. Furthermore, it has been shown that languages that do not have elastic vowels tend to have vowel length as a contrastive feature, such as Japanese (Takeyasu and Giriko 2017), and other research has also shown that vowel duration can vary significantly between Spanish varieties (Morrison and Escudero 2007). Therefore, a possible phonologization of the duration of /e/ is not very likely.



The total duration of the sequence is shortest in /ˈeta/ contexts by 67.8 ms when compared to those of /ˈesta/, /ˈekta/, /ˈepta/ and /ˈeksta/. The sequence /ˈeksta/ has the lowest overall duration of all the /Ct/ contexts, and the total duration of /t/ is shorter for /ˈeksta/ than it is for /ˈekta/. This indicates that having two underlying consonants in /ˈeksta/ does not per se trigger greater lengthening, as may have arguably been expected.



In the case of EAS, we believe that gemination can be seen as a very efficient way of maintaining the /t/ versus /Ct/ contrast once /C/ is deleted. Gemination is a feature that is very simple in terms of articulatory effort and is perceptually salient (Vihman and Majorano 2017). Furthermore, the presence of various covariants with seemingly redundant information enhances perception (Esposito and Di Benedetto 1999; Idemaru and Guion 2008).




4.3. Relevance of Covariants in Gemination Cross-Linguistically


The nature and relevance of covariants in gemination are known to be to a large extent language-specific, although cross-linguistic tendencies often emerge. In EAS, the vowel preceding /t/ (i.e., /e/) is shorter before a geminate; this tends to be the case across languages, for example, in Italian (Esposito and Di Benedetto 1999; Turco and Braun 2016), in Hindi (Shrotriya et al. 1995) and in Kannada and Tamil (Maddieson 1985). However, there have been reports of languages in which there is no durational difference of vowels depending on whether they precede a singleton or a geminate, as is the case for Tarifit Berber and Taqbaylit Berber (Bouarourou et al. 2018). Idemaru and Guion (2008), on the other hand, found that vowels are longer before geminates in Japanese. Likewise, although Idemaru and Guion (2008) concluded that a vowel after a consonant is longer in singletons, the data from the present study suggest that /a/ is longer after geminated /t/, with the exception of /ˈeksta/, which is the only geminated context with a duration of /a/ shorter than that for /ˈeta/. According to Esposito and Di Benedetto (1999), the only significant differences between singleton and geminate consonants are related to the duration of a previous vowel and closure duration, as is also the case in Hindi geminates (Shrotriya et al. 1995). Sadakata and McQueen (2013) reached similar conclusions for Japanese geminates versus singleton consonant contrasts, although vowel duration is greater before geminates. On the other hand, Esposito and Di Benedetto (1999) believed that the perception of timing is based on rhythm, not on sound segments, which then accounts for compensation processes between vowel and consonant durations. Similar compensation processes may be in operation in EAS.



Furthermore, our paper contributes to developing a more nuanced understanding of cross-linguistic patterns related to gemination. /e/ does not shorten as much in EAS when it precedes a geminated /t/ triggered by a deleted /p/. Although /e/ before geminates shows a shortening pattern that is statistically significant, /a/ after geminates does not reach statistical significance. As in other studies, such as Idemaru and Guion (2008) or Local and Simpson (1999), in contrast to Abramson (1992), V2 has not acted as a major cue for distinguishing singletons from geminates.



Whereas the Japanese singleton to geminate ratio is 1:3 (Idemaru and Guion 2008), the EAS ratio seems to be between 1:1.56 and 1:1.85, depending on the underlying consonant that triggers gemination. These values are similar to those reported for Italian (1:1.85 cited in Idemaru and Guion 2008). Our results fit with Ham’s (2001) observation that mora-timed languages such as Japanese display singleton–geminate durational ratios that are more robust than those of syllable-timed languages, such as Italian and, in our case, Spanish. Furthermore, as Idemaru and Guion (2008) explained, languages with a robust difference in consonant duration tend to have longer vowels before geminates, and this is the opposite for languages with a less robust durational distinction; our results also fit with this typological observation. This pattern, however, does not seem to apply equally across the four geminated contexts in our study, because /ks/ is the phonemic context with the shortest gemination of /t/, and it is also the context with the shortest duration of /e/ before a geminated consonant.



Fernández Sevilla (1980, pp. 456–505) argued that, in the case of Spanish, regarding coda final deletion in words such as más, ‘more’, mar, ‘sea’, mal, ‘bad’, hasta, ‘until’, acta, proceedings’; or apta, ‘capable’, speakers have lost conscience of the underlying consonant. Instead, they maintain a contrast in their minds based on the consonant versus zero, i.e., they decode a message by identifying (or not) that a coda consonant is deleted. This seems to assume that, once speakers identify that a consonant is deleted, they use contextual information or other cues to identify what the deleted consonant is and, based on that, identify the uttered word. Therefore, the main contrast in EAS speakers’ minds is /ˈeta/ versus /ˈeCta/, without focusing on additional contrasts based on different underlying consonants. Whether EAS speakers can identify specific underlying consonants based on durational and other differences linked to surface geminate segments and the cognitive mechanisms behind such identifications falls outside the remit of the present paper (however, see also below). It is interesting to note, however, how EAS gemination and covariants of gemination show similar patterns in a number of respects to those reported in some languages with fully phonemic or lexical gemination, e.g., Italian. This is noteworthy, because EAS gemination is triggered by the assimilation of a consonant in the phonetic output, and the omitted consonant is still present in the underlying structure. By the same token, it may be pertinent that, although Italian has inherited the geminate contrast from Latin, it has also greatly expanded the lexical frequency of underlying gemination through a historical process of cluster assimilation, e.g., Latin PACTU > Italian /ˈpatto/, ‘pact’.




4.4. Review of the Research Questions


Regarding research question 1 and the effect of medial coda consonant deletion on the duration of the following /t/, the statistical tests show that, as expected, the deletion of /s/, /k/, /p/ and /ks/ triggers the gemination of a following /t/ in EAS. The ANCOVA test suggests that occlusion is 72.2 ms shorter in /ˈeta/ when compared to that in environments in which a consonant is deleted. This feature can distinguish /ˈeta/ from /ˈeCta/ in 90.6% of cases, according to the DFA test. Likewise, the VOT of /t/ is also consistently longer if /t/ is preceded by an underlying consonant, and this can accurately identify singletons or geminates in 65.1% of cases. The DFA test suggests that the duration of /t/ can classify a consonant as a singleton accurately in 91.9% of cases. This is consistent with research in other languages that also point to the durational properties of consonants as the main cues to differentiating singletons from geminates, (e.g., Al-Tamimi and Khattab (2015) for Arabic; Hamzah et al. (2016) for Kelantan Malay).



Regarding question 2 and the effect of different coda consonants on closure duration and VOT, even though, as expected, there are differences between the means of occlusion or VOT of /t/ depending on what consonant is deleted (Table 4), these are not always statistically significant. According to the ANCOVA test, the occlusion of /t/ is significantly shorter for /ˈesta/ than it is for /ˈekta/, /ˈepta/ and /ˈeksta/. These last three phonemic contexts present very similar closure durations, although it is the shortest for /ˈeksta/, followed by /ˈekta/ and then /ˈepta/. With regard to the VOT of /t/, it is the longest in /ˈesta/, followed by /ˈekta/, /ˈeksta/ and, finally, /ˈepta/. Furthermore, although according to the DFA test, the occlusion and VOT of /t/ can identify an underlying /s/ in 54.8% and 52.1% of cases, respectively, these percentages are 45.2% and 5.5% for an underlying /p/ and only between 3.3% and 15.1% for /k/ and /ks/. Although closure duration and the VOT of /t/ can more reliably distinguish some underlying consonants, particularly /s/, from others, it does not allow discrimination between the four contexts analyzed with underlying consonants. This indicates that /ˈesta/, /ˈekta/, /ˈepta/ and /ˈeksta/ are well on the path to merging fully into [image: Languages 08 00099 i002]. However, the precise stage of evolution of these potential mergers and their implications for EAS and language evolution in general also need further consideration.



In response to question 3 and the identification of covariants, according to the ANCOVA test, the only covariants whose differentiation is statistically significant (other than the closure duration, VOT and total duration of /t/) are the F1 of /e/, duration of /e/ and total duration of the sequence. This is in line with what was expected. The F1 of /e/ is higher when /e/ is followed by an underlying consonant, which indicates the lowering of the vowel. The lowering of the vowel, however, is very mild when /k/ is deleted, and there is no difference in lowering when the deleted consonant is /s/, /ks/ or /p/. The vowel /e/ shortens when it precedes a geminated consonant, and it does so less when /p/ is deleted. The DFA results suggest that the duration of /e/ can reliably identify underlying /ks/ in 60% of cases, but this is only 11% or below for underlying /s/, /k/ or /p/. According to the ANCOVA test, the overall duration of the sequence (duration of /e/ + total duration of /t/ + duration of /a/) is 67.8 ms shorter when there is no underlying consonant. When there is an underlying consonant, /ˈepta/ presents the longest overall duration, followed by /ˈekta/, /ˈesta/ and, finally, /ˈeksta/. The total duration of the sequence can be used to classify singleton /t/ accurately in 72.5% of cases according to the DFA results, but the percentage of identifying the specific underlying consonant falls below 26.7%. The relative weight of covariants varies according to the point of articulation but is not consistent nor equally weighted. These results provide further evidence that durational differences might be the main cues to distinguish singletons from geminates cross-linguistically and that covariants of gemination are language specific, as explained in Section 4.2 and Section 4.3, respectively.



Regarding question 4, the reasons that may explain different phonetic realizations depending on the underlying phonemic context are varied. As expected, a trading relationship is at play because the consonant that causes the longest occlusion of /t/ is the one that causes the shortest VOT, and vice versa; this kind of relationship has been reported before in the literature (e.g., Henriksen and Harper 2016). The closure duration increases depending on the preceding underlying consonant in the following ascending order: /s/ < /ks/ < /k/ < /p/, and the VOT of /t/ increases in the following order: /p/ < /ks/ < /k/ < /s/. A shorter closure duration in the sequence with an underlying /s/ can be explained by the similar place of articulation of /s/ and /t/; any coarticulatory movement that might lengthen the occlusion of /t/ in the phonetic realization of /kst/, /kt/ or /pt/ seems to be still somewhat present when the consonant is deleted before /t/. This is what Herrero de Haro (2019a) refers to as underlying coarticulation. A longer VOT of /t/ following an underlying /s/ can be explained by the fact that a longer VOT compensates for a shorter occlusion period while still maintaining a consonant /t/ which is distinguishably longer than a singleton /t/. The lowering of /e/ before a deleted consonant has been consistently reported in EAS before (e.g., Herrero de Haro 2017b), and although some research has found different levels of lowering depending on the underlying consonant (e.g., Herrero de Haro 2016), there is no acoustic analysis of vowels before a deleted /k/ or /ks/ to date. The statistical analysis shows that /e/ backs when it precedes an underlying /k/ or /ks/, and it seems that the backing of /e/ prevents it from lowering more. Finally, in terms of the duration of preceding /e/, the gemination of /t/ triggers /e/ shortening. The shortening of /e/ appears to be a compensatory phenomenon allowing /t/ to become longer without increasing the overall length of the word. The fact that /e/ shortens less when /p/ is deleted than it does when /s/, /k/, or /ks/ are deleted could be because less of the time fraction of /e/ is used when the tongue backs toward the place of articulation of consonants pronounced further back, perhaps as part of a possible underlying coarticulation. There are other possible explanations for the shortening of /e/ before a geminate in EAS. This shortening could be due to differences in phonological representations, such as syllabic affiliations; vowels in closed syllables are shorter (Maddieson 1985). Vowel shortening may also be produced in order to enhance the length contrast on a geminate segment (Kluender et al. 1998). There could also be perceptual issues at play: (1) the closure duration, VOT of /t/ and total duration of /t/ are the strongest cues to identify an underlying /s/ before /t/ in EAS; (2) the F1 of /e/ is the most reliable feature to identify an underlying /k/; (3) the closure duration and total duration of /t/ are the best features to identify an underlying /p/; and (4) the duration of /e/ is the strongest cue to identifying an underlying cluster /ks/ before /t/ in EAS. It is also possible that frequency and functional load, as well as the fact that /s/ is the only consonant with morphological value at the word boundary, explain differences in identification rates. /s/ yields higher identification rates than the other underlying consonants do, and it is also the more common consonant and the one with the highest functional load out of all the consonants analyzed in this study.



With respect to question 5, although research on gemination has been based on languages in which gemination is a phonemic feature, the present study analyzes gemination and covariants of gemination in a language variety in which gemination is the result of consonant assimilation and the phonemic status of gemination has not been demonstrated. As expected, patterns of gemination and covariance in EAS seem to be similar to some languages with a fully phonemic gemination, such as Italian. EAS only displays gemination when a consonant is deleted, and although gemination is the most frequent pattern, it is not present in EAS when speakers revert to more formal pronunciation and syllable-final consonants are pronounced. However, we have not found evidence of reliable differences in gemination or in covariants of gemination between fully phonemic gemination, e.g., in Italian, and deletion-triggered EAS gemination.



Finally, regarding question 6 and the cross-linguistic implications from this study, there are various points to mention. Vowels are shorter in EAS before geminated consonants, as in languages such as Italian, Hindi, Kannada and Tamil. V1 seems to be a stronger cue of gemination than V2 in EAS; this also seems to be the case cross-linguistically. The five contexts investigated in the present study show that gemination might be a gradual category, rather than a binary one consisting only of singleton and geminate consonants. As Esposito and Di Benedetto (1999) proposed for Italian, timing perception in EAS might be based on rhythm; this can explain compensation processes between vowel and consonant length. Last, the singleton to geminate ratio in EAS is similar to the one reported for Italian but is much shorter than the one reported for Japanese; this seems to fit, as we have already noted, Ham’s (2001) belief that mora-timed languages, such as Japanese, have more robust singleton–geminate duration ratios than those of syllable-timed languages, such as Italian.





5. Conclusions


Two of the aims of the present paper were to investigate whether the deletion of a word-medial coda (/s/, /k/, /p/ or /ks/) triggers the regular gemination of a following /t/ in EAS and to identify potential covariants of gemination in EAS. Another aim was to investigate the relative predictive weight of each covariant in identifying not only singletons and geminates, but also the underlying consonant in each case.



The present article identifies patterns specific to EAS patterns of variation in the singleton–geminate contrast. The data do not indicate that there are different degrees of consonant lengthening linked to a specific deleted consonant. However, it is clear that EAS now incorporates a new category of geminated consonants, at least at a phonetic level. Thus, /t/ vs. /Ct/ is now distinguished on the surface as /t/ vs. /tː/ when the first consonant in the cluster is deleted. Although the /t/ vs. /Ct/ contrast is still present once a coda is deleted, more specific contrasts seem to have merged (e.g., /kt/ vs. /pt/). Covariants differ across languages; however, the covariants of gemination in EAS that are analyzed in this paper allow for the identification of underlying codas. However, they do not consistently distinguish between different underlying consonants. Furthermore, our analysis shows strong similarities between the patterns of variation of deletion-triggered EAS gemination and those in some languages with fully phonemic gemination, such as Italian. These findings help to answer the question of how contrasts may be retained or neutralized cross-linguistically. However, further research, especially across languages, is needed to answer this more comprehensively. This study also raises relevant questions regarding what differences there are, if any, in geminated consonants depending on the path along which gemination has developed.
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Figure 1. Segmentation of the word recta [image: Languages 08 00099 i006], ‘straight’, pronounced by a 38-year-old male speaker. 
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Figure 2. Mean F1 of /e/ and mean F1 of /a/ for each phonemic context. 
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Figure 3. Mean F2 of /e/ and mean F2 of /a/ for each phonemic context. 
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Figure 4. Mean duration of /e/, closure duration, VOT and duration of /a/ for each phonemic context. 
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Figure 5. Mean duration of /t/ and duration of the whole sequence for each phonemic context. 
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Table 1. List of words that the participants were asked to produce.
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Phonemic Context

	
Word

	
Expected Phonetic Realization in EAS

	
Meaning






	
/ˈeta/

	
cometa

	
[koˈmeta]

	
‘kite’




	
zeta

	
[ˈθeta]

	
‘zed’




	
chaqueta

	
[tʃaˈketa]

	
‘jacket’




	
maleta

	
[maˈleta]

	
‘suitcase’




	
/ˈesta/

	
honesta

	
[image: Languages 08 00099 i005]

	
‘honest, feminine’




	
resta

	
[image: Languages 08 00099 i006]

	
‘subtraction’




	
cesta

	
[image: Languages 08 00099 i007]

	
‘basket’




	
/ˈekta/

	
secta

	
[image: Languages 08 00099 i008]

	
‘cult’




	
recta

	
[image: Languages 08 00099 i006]

	
‘straight line’




	
arquitecta

	
[image: Languages 08 00099 i009]

	
‘female architect’




	
/ˈepta/

	
inepta

	
[image: Languages 08 00099 i010]

	
‘inept, feminine’




	
acepta

	
[image: Languages 08 00099 i011]

	
‘she accepts’




	
adepta

	
[image: Languages 08 00099 i011]

	
‘affiliated, feminine’




	
/ˈeksta/

	
sexta

	
[image: Languages 08 00099 i008]

	
‘sixth’




	
decimosexta

	
[image: Languages 08 00099 i012]

	
‘sixteenth’
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Table 2. Number of analyzed tokens (speaker n = 10).
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	Male
	Female
	Total





	/ˈeta/
	74
	75
	149



	/ˈesta/
	29
	44
	73



	/ˈekta/
	44
	45
	89



	/ˈepta/
	45
	28
	73



	/ˈeksta/
	30
	30
	60



	Total
	222
	222
	444
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Table 3. Two-way mixed, absolute agreement ICC (95% confidence interval) calculated on SPSS. Single measures are on the left, and average measures are on the right of each column.
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	Variable
	/ˈeta/
	/ˈesta/
	/ˈekta/
	/ˈepta/
	/ˈeksta/





	F1 /e/
	0.689/0.816
	0.802/0.890
	0.922/0.959
	0.959/0.979
	0.986/0.993



	F2 /e/
	0.954/0.976
	0.944/0.971
	0.986/0.993
	0.953/0.976
	0.994/0.997



	Dur /e/
	0.799/0.889
	0.441/0.612
	0.812/0.896
	0.800/0.889
	0.987/0.993



	Closure duration
	0.821/0.902
	0.825/0.904
	0.796/0.887
	0.896/0.945
	0.884/0.938



	VOT /t/
	0.619/0.765
	0.957/0.978
	0.821/0.902
	0.844/0.916
	0.928/0.963



	Dur /t/
	0.831/0.908
	0.789/0.882
	0.776/0.974
	0.848/0.918
	0.510/0.676



	F1 /a/
	0.828/0.906
	0.975/0.988
	0.755/0.860
	0.728/0.842
	0.996/0.998



	F2 /a/
	0.939/0.968
	0.910/0.953
	0.959/0.979
	0.986/0.993
	0.989/0.994



	Dur /a/
	0.842/0.914
	0.796/0.887
	0.763/0.866
	0.694/0.819
	0.921/0.959



	Duration sequence
	0.870/0.930
	0.924/0.960
	0.875/0.933
	0.755/0.860
	0.978/0.989
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Table 4. Average value of measurements (with ratio values in brackets for the same factor in relevant long and short contexts).
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F1/e/

(Hz)

	
F2/e/

(Hz)

	
Dur /e/

(ms)

	
Closure (ms)

	
VOT

(ms)

	
Dur /t/

(ms)

	
F1 /a/

(Hz)

	
F2 /a/

(Hz)

	
Dur/a/

(ms)

	
Total dur

(ms)






	
/ˈeta/

	
Male

	
450

	
1945

	
99.01

	
101.98

	
17.1

	
119.08

	
663

	
1407

	
159.96

	
378.06




	
Female

	
489

	
2268

	
101.73

	
85.01

	
15.87

	
100.88

	
728

	
1640

	
106.71

	
309.33




	
Both

	
470

	
2108

	
100.38

	
93.44

	
16.48

	
109.92

	
695

	
1524

	
133.16

	
343.46




	
/ˈesta/

	
Male

	
474

	
1870

	
84.16

(0.85)

	
160.52

(1.57)

	
25.10

(1.47)

	
185.62

(1.56)

	
679

	
1307

	
162.37

(1.02)

	
432.14

(1.14)




	
Female

	
509

	
2240

	
98.77

(0.97)

	
145.51

(1.71)

	
27.15

(1.71)

	
172.66

(1.71)

	
794

	
1631

	
124.39

(1.17)

	
395.82

(1.28)




	
Both

	
495

	
2093

	
92.97

(0.93)

	
151.47

(1.62)

	
26.34

(1.6)

	
177.81

(1.62)

	
748

	
1502

	
139.48

(1.05)

	
410.25

(1.19)




	
/ˈekta/

	
Male

	
465

	
1851

	
82.28

(0.83)

	
177.03

(1.74)

	
20.97

(1.23)

	
198.00

(1.66)

	
672

	
1344

	
155.01

(0.97)

	
435.29

(1.15)




	
Female

	
507

	
2143

	
91.14

(0.89)

	
158.27

(1.86)

	
24.29

(1.53)

	
182.56

(1.81)

	
741

	
1639

	
119.95

(1.12)

	
393.65

(1.27)




	
Both

	
486

	
1999

	
86.76

(0.86)

	
167.54

(1.79)

	
22.65

(1.37)

	
190.19

(1.73)

	
707

	
1493

	
137.28

(1.03)

	
414.24

(1.21)




	
/ˈepta/

	
Male

	
467

	
1938

	
89.44

(0.90)

	
175.46

(1.72)

	
18.51

(1.08)

	
193.97

(1.63)

	
693

	
1350

	
156.36

(0.98)

	
435.07

(1.15)




	
Female

	
533

	
2293

	
100.26

(0.99)

	
162.95

(1.92)

	
23.29

(1.47)

	
186.24

(1.85)

	
783

	
1599

	
122.56

(1.15)

	
409.06

(1.32)




	
Both

	
492

	
2074

	
93.59

(0.93)

	
170.66

(1.83)

	
20.34

(1.23)

	
191

(1.74)

	
727

	
1446

	
143.39

(1.08)

	
425.09

(1.24)




	
/ˈeksta/

	
Male

	
471

	
1816

	
85.85

(0.87)

	
163.25

(1.6)

	
18.90

(1.11)

	
182.15

(1.53)

	
651

	
1372

	
131.57

(0.82)

	
399.57

(1.06)




	
Female

	
524

	
2055

	
85.65

(0.84)

	
159.43

(1.88)

	
23.88

(1.5)

	
183.31

(1.82)

	
755

	
1646

	
109.98

(1.03)

	
377.95

(1.22)




	
Both

	
498

	
1936

	
85.25

(0.85)

	
161.34

(1.73)

	
21.39

(1.3)

	
182.73

(1.66)

	
703

	
1509

	
120.77

(0.91)

	
388.75

(1.13)
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Table 5. Percentage of correct classification by the Discriminant Function Analysis for each factor. Highest values for each cue and context are in gray.
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	Factor
	/ˈeta/
	/ˈesta/
	/ˈekta/
	/ˈepta/
	/ˈeksta/
	Average





	F1 of /e/
	64.4%
	2.7%
	10.1%
	2.7%
	48.3%
	25.6%



	Duration of /e/
	52.3%
	1.4%
	5.6%
	11%
	60%
	26.1%



	Closure duration
	90.6%
	54.8%
	6.7%
	45.2%
	15.1%
	42.5%



	VOT of /t/
	65.1%
	52.1%
	6.7%
	5.5%
	3.3%
	26.54%



	Total duration of /t/
	91.9%
	56.2%
	9.0%
	43.8%
	8.3%
	41.84%



	Total duration of sequence
	72.5%
	15.1%
	5.6%
	4.1%
	26.7%
	24.8%



	Average
	72.80%
	30.38%
	7.28%
	18.72%
	26.95%
	31.23%
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