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Phonological redeployment is the theoretical ability of language learners to utilize non-local phonological knowledge from known languages in the mapping and acquisition of novel contrasts in their target languages. The current paper probes the limits of phonological redeployment in a third language acquisition scenario. The phonological features [Advanced Tongue Root] and [Retracted Tongue Root] capture a range of phonological contrasts and harmony processes in both vowels and consonants of spoken languages across the world, including, but not limited to, vowel tensing and post-velar places of articulation (e.g. uvular). Kaqchikel (cak) exhibits both a tense-lax vocalic contrast in its vowels plus a velar-uvular Place contrast in its eight stop consonant phonemes. English (eng) exhibits a tense-lax vocalic distinction but no velar-uvular distinction among its six stop phonemes. Spanish (spa) exhibits neither of these contrasts in its vowels or among its six stop phonemes. How do multilingual learners of Kaqchikel already familiar with English and Spanish, but who differ in which is their first language (L1), compare in their categorical perception of Kaqchikel stop consonants? Despite English and Spanish having a three-way Place distinction among stops in common, in a phonemic categorization task, L1 English learners of Kaqchikel were better at correctly categorizing audio recordings of Kaqchikel uvular stops than L1 Spanish learners of Kaqchikel. To account for this surprising result, I propose that the L1 English group have easier access than the L1 Spanish group to the feature underlying English's tense-lax distinction. This access allows them to redeploy that phonological feature to accurately map out the novel four-way contrast of Kaqchikel's stop consonants, and the [±RTR] specified velar-uvular distinction in particular. Therefore, phonological redeployment must be considered in models of third language acquisition.
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1. Introduction

The phonological tongue root features [Advanced Tongue Root] (or [ATR]) and [Retracted Tongue Root] ([RTR]) capture a range of phonological contrasts and harmony processes in both vowels and consonants of spoken languages across the world (Beltzung et al., 2015). Among these are relatively less common vocalic contrasts such as /e–ɛ/ and /o–ɔ/, which are often involved in harmony processes, particularly among African languages, and the pharyngealization of oral consonants in Semitic and Salish languages (Davis, 1995; Shahin, 2002; Abo-Mokh and Davis, 2020). This relationship between tongue retraction and pharyngeals also implicates [RTR] in phonological contrasts among consonants articulated in and around the pharynx, including uvular, pharyngeal, and other post-velar consonants (Rose, 1996) along with harmony processes associated with those consonants (Sylak Glassman, 2014).

Kaqchikel (ISO 639-3: cak), a Mayan language used mostly by about 400,000 Kaqchikel people in the highlands of Guatemala and in diaspora across North America (Heaton and Xoyón, 2016), exhibits a contrast among its 10 vowels in which a series of 5 tense vowels is not specified for [RTR], while another series of (up to) 5 lax vowels is specified for [RTR]. This contrast is neutralized in unstressed syllables (the feature is lost), so that only tense vowels surface in those positions (Rill, 2013; Bennett, 2016). Among Kaqchikel's stops, there is also a velar–uvular contrast, which may similarly be derived by [RTR] (Shahin, 2002).

English (eng), a Germanic language used by billions of people across the world, similarly exhibits a contrast among its vowels in which two series are contrasted: one tense and one lax. While this contrast is typically attributed to a [tense] feature (Kim and Clements, 2015), Beltzung et al. (2015) notes that [tense] and [ATR] lead to nearly identical outcomes cross-linguistically. Moreover, some analyses have attributed this contrast directly to the feature [RTR] (Brown and Golston, 2006). However, unlike Kaqchikel, English only contrasts three places of articulation (PoA) among its stops: labial, coronal, and velar, each of which may be specified by just a single corresponding Place feature.

Spanish (spa), a Romance language used by hundreds of millions of people across the world, differs from both Kaqchikel and English by exhibiting only a single series of five vowels /i e a o u/, contrasting only on height and backness (Torres-Tamarit, 2019). No [tense] or tongue root feature is present in Spanish, and this can lead to difficulties learning vowel contrasts in other languages which do use those features, as examined in Escudero (2005), among many others. However, Spanish is similar to English in only contrasting three PoA among its stops, again differing from Kaqchikel's four-way contrast.

In this study of third language (L3) acquisition (L3A) of Kaqchikel by learners who already use English and Spanish, listeners were divided into groups based on their first language (L1), in order to investigate the effects of L1 on L3 phonological perception of stop consonant contrasts (Nelson, forthcoming).1 The primary research question of the current study asks whether these learner groups differ in their categorical perception of Kaqchikel stops based on differential access to the [RTR] feature in their known languages.



2. Background


2.1. Acquisition theory
 
2.1.1. Second vs. third language acquisition

Both subfields of L2A and L3A deal with the process of adding an additional language system to a person's repertoire of linguistic knowledge. Both ask questions about how previous knowledge impacts the implementation of new linguistic knowledge, and vice-versa: how new knowledge affects how previous linguistic knowledge is utilized. Both have various models and hypotheses within them that posit different causes for variable relative difficulty of language learning across different learners of the same language.

The two subfields differ as to which iteration of language acquisition the process is being studied. For L2A, the process being studied is an additional language learned later in life than the first language of that learner, usually after a certain point in the life of said learner. Therefore, a primary difference among learners is that first language. For L3A, on the other hand, the minimum prerequisite for the process being studied is the presence of multiple (minimally two, but, of course, there is the possibility for more) language systems in the linguistic knowledge of the learner. That is to say, for L3A there is additional complexity due to the increased number of potential sources and directions of influence between the multiple existing language systems and the new, target L3 system.



2.1.2. Second language acquisition
 
2.1.2.1. Basics of second language acquisition

The study of L2A has a relatively long history within modern linguistic inquiry, going back to at least the 1940s. A primary object of study in field of L2A is interlanguage, coined by Selinker (1972) to describe a speaker's L2 competence that was distinct from both that speaker's L1 competence as well as the competence of a native speaker of the target L2, though obviously being influenced by both. It is built upon three main processes: that of L1 transfer, overgeneralization of L2 patterns, and fossilization. According to the original theory of interlanguage, 95% of learners do not acquire native-like competence and thus continue to have an interlanguage after all learning has concluded (VanPatten and Benati, 2010), thus the expected result of L2A, or even L3A, cannot be native-like fluency.

Narrowing our focus, the interlanguage phonology of a given learner is influenced by a variety of factors, including similarities and differences between their known L1 and target L2 (see, e.g., Lado, 1957), markedness of features and structures they are learning (Eckman, 1977), their age (Flege, 1995), and their specific dialectal experience in both L1 and L2 (Best and Tyler, 2007).



2.1.2.2. Phonological segments in L2A

Following decades of L2A investigation, Flege (1995) proposed the Speech Learning Model (SLM)2 finding a correlation between a learner's age of learning (AoL) and their inability to “produce L2 vowels and consonants in a native-like fashion”(237). This segment-specific approach to the L2A of spoken languages' sound systems posits that foreign-accentedness arises from difficulty in learning, which in turn arises from acoustic similarity of L2 segments to known L1 segment categories. That is to say, L2 segments perceptually distinct from L1 segments are actually easier to identify, and therefore learn, than L2 segments perceived as being similar to L1 segments.

The Perceptual Assimilation Model-L2 (PAM-L2) of Best and Tyler (2007) contrasts with SLM, holding that perception of languages other than L1 is done within L1 categories, as opposed to the comparison of L2 segments to L1 segments in SLM. As such, according to PAM-L2, learners form their interlanguage by assimilating L2 segments into L1 categories, which may cause interference in the development of contrasts between L2 segments.

Best and Tyler (2007) predicted four possible cases of L1 assimilation for a set of contrasting segments in L2 (28–29):

1. Two-Category (TC): Only one L2 category is perceived as equivalent to a given L1 category.

2. Category Goodness (CG): Multiple L2 categories perceived as equivalent to the same L1 category, but one is a better fit than other(s).

3. Single Category (SC): Multiple L2 categories are perceived as equivalent to the same L1 category, but as equally good instances of it.

4. Uncategorized: No L1-L2 assimilation.

Best and Tyler (2007) ordered these in increasing order of difficulty, with TC Assimilations being easier to learn than CG Assimilations, which should be easier than SC Assimilations. Uncategorized contrasts, however, are subject to more variation, depending on the perceptual distance from each L2 category to known L1 categories. Long-term learning outcomes for the SC and unassimilated L2 segments would also depend upon lexical-functional differences among them.

Escudero (2005) proposed a model similar to PAM-L2 with L2 Linguistic Perception (L2LP), under which phonological L2A is initiated using L1 categories. However, mappings are made via auditory perception. L2LP predicts three scenario types, new, subset, and similar, and these scenarios range in the level of difficulty they present the learner from high to low, based on the nature of categorical remapping each requires. Thus, in both PAM-L2 and L2LP, the conflict that arises when L2 segments are categorized based on L1 categories using L1 cues is the primary contributor to interference in phonological L2A.

The SLM, PAM-L2, and L2LP were put to the test in the scenario of L1 English learners of Q'eqchi', a Mayan language related to Kaqchikel (the target language of the current study), in Wagner and Baker-Smemoe (2013), who compared L1 English to L1 Q'eqchi' participants in both perception and production of Q'eqchi' plain and ejective stops. They found that while none of the three models were perfect in their predictions of stop production based on perception results, they each “to some extent, predicted learning accuracy” (466).

According to Wagner and Baker-Smemoe (2013), SLM accurately predicted that L1 English learners would differ more from L1 Q'eqchi' speakers in their production of plain stops, relative to glottalized stops, but failed to predict their better ability in producing native-like cues for velars compared to other PoAs. PAM-L2 predicted the Laryngeal distinction at both velar and uvular PoAs to each be difficult to acquire SC categorizations, but the learners did not show difficulty with these pairs. PAM-L2 predicted ease of learning in the CG categorizations of the velar–uvular Place distinction, but Wagner and Baker-Smemoe (2013) found that this place distinction was more difficult than the laryngeal distinction. Similarly, L2LP made similar incorrect predictions as PAM-L2 regarding the relative difficulty of learning the Laryngeal distinction compared to the velar–uvular place distinction.

Wagner and Baker-Smemoe (2013) provide a possible explanation for the surprising results of the ease of learning distinctions among the velar and uvular stops in that the mapping of four categories onto a single L1 category forced learners to focus more intently on those contrasts, leading to better than expected learning outcomes for the velar and uvular stops of Q'eqchi' by L1 English learners. These results bear on the current study, as Kaqchikel, like Q'eqchi', contrasts uvular stops with velar stops. These outcomes should be replicated in the L3A scenarios of the current study.



2.1.2.3. Phonological features in L2A

Other models of L2A posit a filter effect that prevents some learners from developing adequate phonological mapping in their target language. This filter is caused by the supposed unlearnability of underlying features, the bundles of information that specify phonological contrasts of human language in theories of generative phonology (Chomsky and Halle, 1968). Building upon this, Clements (1985) and others developed an extension of feature theory called Feature Geometry, which holds that the underlying features exist in a hierarchical relationship to one another. Much of the work reviewed in the remainder of this background section depends on Feature Geometry, and I assume this theory for the current study as well.

Brown (1997, 1998, 2000) analyzes the relative difficulty of learning the English liquid contrast /l~r/ by L1 Japanese learners compared to L1 Mandarin Chinese3 learners. Brown claims that Japanese and Korean feature geometries lack the [Coronal] feature necessary to specify the distinction between the English liquids, while Mandarin does use this feature, so L1 Mandarin learners of English are able to use this feature in acquiring /l~r/, leading to differences in outcomes between learners differing in L1 language background (Brown, 2000).

LaCharité and Prévost (1999) hypothesized a weaker filter, in which only some features are unlearnable in L2A: those at intermediate, articulator nodes in the feature geometry. Terminal nodes projecting no dependent nodes, on the other hand, are learnable. Thus, it is unsurprising to observe that L1 Japanese learners of English seem unable to acquire the [Coronal] node in learning liquids, but L1 French learners of English more easily acquire English /θ/ compared to /h/ because /θ/ requires the addition of a terminal [distributed] node, while /h/ requires the addition of articulator [Pharyngeal] node. Moreover, LaCharité and Prévost (1999) predicted the acquisition of /ŋ/ by these same learners to be even easier than both /θ/ and /h/, as no new features need to be added to the feature geometry to specify /ŋ/.

Mah (2003) found the attribution of [Pharyngeal] to English /h/ to be unfounded as it “does not involve any constriction of the pharyngeal cavity”(24). Additionally, there is evidence that a [Pharyngeal] feature is in fact utilized in French, specifying its rhotic // (Mah, 2003). Instead, Mah (2011) followed Iverson and Salmons (1995) in specifying English /h/ with a Laryngeal node projecting the terminal node [spread glottis], which further problematizes the predictions and findings of LaCharité and Prévost (1999), as French stops use the Laryngeal node in representing voiceless and voiced obstruents. Thus, only the terminal node of the feature [spread glottis] would need to be added when francophones learn English /h/. Brown (2000) would predict this as impossible, but LaCharité and Prévost (1999) would predict this as possible but not as easy as other scenarios. Yet, Mah (2011) and Mah et al. (2016) again found that francophone learners of English are unable to perceive English /h/, despite being able to detect its acoustic cues in non-linguistic conditions. Therefore, Mah (2011) concluded that the learning problem arises due to francophones' inability to form a phonological representation for English /h/ in their interlanguage, missing the key feature [spread glottis], as Brown (2000) would predict.



2.1.2.4. Phonological redeployment in L2A

The filter hypotheses predict impossibility of learning based on what they assume to be irreconcilable disparities between underlying feature geometries. To account for the remarkable ability of some language learners to learn patterns and contrasts that these hypotheses and other theories of L2A predict as difficult, Archibald (2005) proposed that learners may dynamically redeploy previous linguistic knowledge to remedy their lack of the specific linguistic knowledge that L1 users of their target L2 have, including, but not limited to, phonological features.

González Poot (2011, 2014) offered redeployment as a potential facilitator in L2A of glottalized stops in Yukatek, another Mayan language distantly related to Kaqchikel. González Poot (2011) noted the differential use of the feature [constricted glottis] among Yukatek, English, and Spanish. In Yukatek, [constricted glottis] is distinctive, underlying the contrast between plain and glottalized stops. However, in Spanish, [constricted glottis] has no status whatsoever, while in English it may be used in word-final allophonic ejectives. González Poot (2011, 2014) did not investigate English learners of Yukatek, leaving open the possibility of redeployment of non-contrastive features, like [constricted glottis] in English, for future research. Nevertheless, González Poot (2011, 2014) found that the L1 Spanish L2 learners of Yukatek acquired its Laryngeal contrast, which González Poot (2014) credits to the ejectives' strong acoustic cues.

More recently, Yang et al. (2022) found that L1 Mandarin learners of Russian perceived Russian voiced stops as being highly similar to Mandarin voiceless unaspirated stops, which the SLM would predict would lead to difficulty in their L2A of Russian stops. Surely enough, in their productions of Russian-like nonce words, the learners did not produce a voice onset time (VOT) distinction between the phonemically voiced and voiceless stops, producing them both as short-lag stops, as if they all belonged to a single category of voiceless, unaspirated stops. They had no representation of the voicing distinction of Russian stops. Yang et al. (2022) interpreted these results as a refutation of redeployment theory. In their view of redeployment, the learners ought to have been able to redeploy [±voice] from Mandarin fricatives /ʂ/ and /ʑ/ in specifying Russian stops.4

In reviewing Yang et al. (2022) and Archibald (2023) clarified key points about redeployment. First, that redeployment is not phonetic, but rather phonological; it is embedded within learners' phonological systems. Second, that relatively robust cues to contrasts in the target language allow learners to better notice those contrasts, while contrasts with weaker cues may not get noticed. However, Archibald (2023) principal point was that noticing phonetic differences across languages is not the outcome of successful phonological learning. Instead it is an important preliminary step to phonological learning, which may be aided by redeployment of previous phonological knowledge and which may involve re-weighting of acoustic cues to account for the new contrasts they have begun to notice.




2.1.3. Third language acquisition
 
2.1.3.1. Basics of third language acquisition

Third language acquisition, when compared to L2A, is a younger field of study. While L2A has many decades of research behind it, L3A only has two or three decades of specific research, as it only arose out of the field of L2A in the 1990s. In addition to the L2A concept of interlanguage, an additional object of study in L3A is the concept of cross-linguistic influence: how the multiple different systems interact in the mind of the multilingual language user/learner (Hammarberg, 2001). Logically, any of a learner's language systems may interact and have cross-linguistic influence on any of their other language systems. However, theories differ as to the nature and amount of cross-linguistic influence possible in each direction of a given L3A scenario.



2.1.3.2. Phonological effects in L3A

As briefly discussed in §2.1.2, Mah (2003) investigated the filter effects proposed for phonological L2A. However, Mah (2003) did not find any differences in the perception of French vs. Spanish trills (// and /r/, respectively) by L1 English learners, concluding that these learners were unable to construct appropriate phonological representation for either. Mah (2003) also noted that L2 exposure to non-L1 segments may only affect processing of the segment in L3 only when that exposure was in a childhood L2 and sufficient enough to learn the features necessary for representing the segment, implicating the AoL effect in L2A on subsequent L3A.

Cabrelli Amaro and Rothman (2010), noting similar age-related effects of L2A on L3A, offered the Phonological Permeability Hypothesis (PPH) of L3A. Later expanded upon in Cabrelli Amaro (2013b, 2017), the premise of PPH lies in the AoL effect, that there exists a critical/sensitive period of phonological learning in pre-pubescence, and that languages learned during this period are fundamentally different than languages learned after it. Thus, PPH predicts similarities among languages learned in childhood, and a separate set of similarities among languages learned in adulthood. Evidence for PPH comes in the form of relative susceptibility to regressive transfer from L3 during L3A: L2 is more permeable to this cross-linguistic influence than L1 is (Cabrelli Amaro, 2017). This implicates the conceptual similarity between L2 and L3 being greater than that between L1 and L3, as well as the higher degree of phonological fossilization present in systems learned in childhood as compared to systems learned in adulthood. In short, languages learned during childhood are more entrenched in a person's greater phonological system than subsequently learned languages.

Wrembel et al. (2019), noting previous studies showed that L2A enhances auditory awareness in L3A, offered an extension of PAM to the domain of phonological L3A. In their study of the acquisition of Polish by teenagers who were multilingual in other European languages, Wrembel et al. (2019) found that learners did operate under the assumptions of PAM, and that pairs of L3 and L2 sounds (including both consonants and vowels) were assimilated more often than pairs of L3 and L1 sounds. Therefore the models of phonological L2A do seem to have some predictive power in L3A in that comparisons of L3 categories are made to known categories, but learner do prefer assimilating L3 categories into L2 categories rather than those of L1.



2.1.3.3. Selective transfer in phonological L3A

Most recently, Archibald (2022) analyzed the L3A of English by L1 Arabic, L2 French learners in Algeria and Tunisia (as presented by Benrabah, 1991 and Ghazali and Bouchhioua, 2003), arguing that phonological transfer in L3A comes from both/all known languages on a property-by-property basis (as opposed to wholesale) along the lines of the Linguistic Proximity Model (Westergaard et al., 2017). Specifically, the learners of L3 English were found to transfer the vocalic system from French, but their consonants, including pharyngealized stops, from Arabic. Furthermore, the Tunisian novice-level English learners in Ghazali and Bouchhioua (2003) seemed to transfer sentence-level prominences from French, but word-level stress rules from Arabic.

Archibald (2022) used the Contrastive Hierarchy of Dresher (2009) and Feature Geometry to show that learners select different sources for their phonological L3A transfer on a property-by-property basis. Learners do this based on the evidence available to them in their learning environments, the knowledge from the integrated I-grammar of their known languages, and the general constraints provided by Universal Grammar. In the end, learners tend to make the decision to transfer the phonological subsystem which most optimally accounts for the L3 contrasts they can observe. Note, however, that they still must be able to observe or notice the contrasts, as per Archibald (2023), before they begin to integrate them into their I-grammar's phonology.

As theories of phonological learning, especially those allowing for redeployment, depend on underlying specification of segments, the following subsection makes clear the featural specifications that I assume for each of the three languages of the current study.




2.2. Phonological background
 
2.2.1. Kaqchikel phonology
 

2.2.1.1. Kaqchikel vocalic phonology

Kaqchikel's vocalic phonology is typical of Mayan languages in its basis as a five-vowel inventory. However, it is atypical of Mayan languages in that it does not contrast these five base vowels for length, instead exhibiting a tense–lax contrast. The maximal ten-vowel inventory of Standard Kaqchikel is shown in Figure 1A. The tense–lax contrast of Kaqchikel vowels only surfaces in stressed syllables. Outside of stressed syllables, only tense vowels surface (Rill, 2013). In practice, due to the location of stress in Kaqchikel being fixed to the final syllable of the word, lax vowels may only surface in the final syllable of words (Brown et al., 2006).


[image: Figure 1]
FIGURE 1
 Monophthong vowel inventories: (A) Standard Kaqchikel vowel monophthong phonemes. (B) Guatemalan Spanish vowel monophthong phonemes. (C) Typical US American English vowel monophthong phonemes.


Most varieties of Kaqchikel, however, do not mark the tense–lax contrast for all five vowel archiphonemes, and exhibit mergers of the tense–lax distinction in some or even all vowels. However, this is subject to much community-based variation. The standardized orthography of Kaqchikel marks the tense–lax distinction for all five vowels, and the textbooks used at Oxlajuj Aj, the language school where the learners in the current study had enrolled, use the standardized orthography (Brown et al., 2006; Maxwell and Little, 2006). Furthermore, though the teachers at Oxlajuj Aj come from various Kaqchikel communities, they all accommodate to the standard in their teaching. Thus, the target language of all students is taken to be Standard Kaqchikel and its 10 vowel inventory, with the tense–lax distinction realized for all five vowel archiphonemes.

The featural specification for Standard Kaqchikel is as follows: There are four distinctive features that specify Kaqchikel's ten vowels: [±high], [±back], [±round], and [RTR]. The [+high] vowels are /i ɪ ʊ u/, while all other vowels /e ɛ a ə ɔ o/ are [−high]. The [+back] vowels are /u ʊ o ɔ/, while all other vowels /i ɪ e ɛ ə a/ are [−back]. The [+round] vowels include all [+back] vowels plus central vowels /a ə/5, leaving the front, unrounded vowels /i ɪ e ɛ/ as [−round]. Finally, the [+RTR] vowels are the lax vowels /ɪ ɛ ə ɔ ʊ/, while tense vowels /i e a o u/ are [−RTR].



2.2.1.2. Kaqchikel consonantal phonology

The consonantal inventory of Kaqchikel appears at the top of Table 1. Due to space constraints and the scope of the current study, I discuss only the phonology of this inventory's stops here. Broader consideration of the consonantal inventory is given in Nelson (forthcoming). All stops in Kaqchikel (and also Spanish and English) are [+consonantal], [−sonorant], [−continuant], and [−strident], differing from each other only in Place and Laryngeal specification.


TABLE 1 Consonant phoneme inventories of Kaqchikel, Spanish, and English.

[image: Table 1]

Kaqchikel stops exhibit a four-way place contrast. These four PoAs are, in order from the front of the mouth backwards: bilabial, alveolar, velar, and uvular. The distinction between the first three is usually specified under Feature Theory with a single Place feature for each: Labial for bilabials, Coronal for alveolars, and Dorsal for velars. However, the uvular distinction is less commonly made. Therefore, phonological systems that do contrast uvulars and/or other sounds articulated beyond the velum require more featural complexity to derive their Place contrasts.

Both of Kaqchikel's Labials /p ɓ ° / are specified for the Place feature [Labial], with no further Labial features/nodes necessary. Similarly, the Coronals /t t'/ are specified for the Place feature [Coronal]. However, Kaqchikel distinguishes between anterior and posterior coronal consonants. Therefore, these two anterior stops are specified [−posterior].

The four remaining Kaqchikel stops are all specified for the Place feature [Dorsal]. However, the velars /k k'/ must be distinguished from the uvulars /q ʛ ° /. Previous analyses of languages with velars and post-velars offer various features and specifications in order to derive these contrasts. Sylak Glassman (2014) provided a detailed history of the featural representation of velars, uvulars, and other post-velars, including [flat] (Jakobson, 1962), [±high] (Chomsky and Halle, 1968), tongue body features (Ladefoged, 1971), [guttural] (Hayward and Hayward, 1989), [pharyngeal] (McCarthy, 1994), and [RTR] (Rose, 1996). This final feature [RTR] is of primary interest to the current study, as it is already utilized for the tense–lax distinction of Kaqchikel vowels. Variably placed within Feature Geometry as a dependent of Pharyngeal, Dorsal, and Tongue Root (TR), I follow Davis (1995) and Shahin (2002) in assuming that post-velars are distinguished from velars via the feature [±RTR], projecting from a TR node, in turn projecting from the Dorsal node held in common between velars and uvulars (76: (45a) vs. (45c)). Acoustic evidence for these specifications of [±RTR, including lowering and backing of front vowels preceding uvulars, is forthcoming in Nelson (forthcoming).

Thus, I assume that Kaqchikel velars contain a Dorsal node, projecting TR, which in turn projects [−RTR] (Figure 2A), while Kaqchikel uvulars contain the same Dorsal and TR nodes, but with [+RTR] as the terminal projection (Figure 2B). In consideration of space, I assume all [±RTR] features are dependent of the articulator node TR, and thus omit the TR node from feature geometry diagrams in the current paper.


[image: Figure 2]
FIGURE 2
 Feature geometry for Kaqchikel Dorsal stops: (A) velars /k/ and /k'/, (B) uvulars /q/ and /ʛ ° /.


Kaqchikel stops6 show an additional contrast that other sound classes in the language do not: a Laryngeal contrast in which one series is glottalized via a closure/restriction of the glottis in addition to the closure made in the mouth at the stop's PoA. This typically results in an ejective, in which the glottal closure releases and forces the high pressure air upward and outward through the mouth. However, Kaqchikel glottalized labial and uvular stops are often realized as voiceless implosives (Bennett, 2016, p. 485), when, in addition to the oral closure, the vocal folds that form the glottis are closed and move downward without vibrating (Ladefoged and Johnson, 2015, p. 165). Regardless of their phonetic realizations, the glottalized stops contrast with plain, non-glottalized stops at each PoA. The plain stops are realized as voiceless, unaspirated stops in syllable- and word-initial positions (i.e., onset), but as voiceless, aspirated stops in syllable- and word- final positions (i.e., in coda).7

The contrast between plain stops and glottalized stops can be uncontroversially derived via specification of [constricted glottis]. The members of the glottalized series /ɓ ° t' k' ʛ ° / are specified as having [constricted glottis], while members of the plain series /p t k q/ are specified with an absence of the feature (represented by the null set symbol Ø). The underspecification of a Laryngeal feature for Kaqchikel plain stops allows them to take on the feature [spread glottis] in final positions, thereby surfacing as voiceless, aspirated stops (Nelson, 2023).




2.2.2. Spanish phonology
 
2.2.2.1. Spanish vocalic phonology

The five vowel inventory of Spanish is shown as Figure 1B. Following Barrios et al. (2016), these five vowels, /i e a o u/, can be specified by just three features, [±back], [±high], and [±low]. The vowels /u o a/ are specified [+back], while the two front vowels are [−back]. The high vowels /i u/ are [+high], leaving the remaining three non-high vowels as [−high]. The only vowel specified [+low] is /a/, while all other vowels are [−low].



2.2.2.2. Spanish consonantal phonology

The center of Table 1 shows the consonantal inventory of Guatemalan Spanish, which includes some phonemes not typically found in other Spanishes, such as /ʃ/. Our focus remains on the stops however, of which there are six phonemes in Guatemalan Spanish, /p t k b d ɡ/, divided among three PoAs and two Laryngeal series.

I assume Spanish stops to be specified for Place based on a feature geometry with three Place features (Clements and Hume, 1995; Halle et al., 2000; Padgett, 2002), a node for each of Labial, Coronal, and Dorsal place. The bilabials /p b/ have Labial Place. The dentals /t d/ have Coronal Place, and, with both stops being dental while post-alveolar coronals are distinguished in Spanish, the projection of terminal node for [−posterior] is necessary. Finally, the velars /k ɡ/ have Dorsal Place, with no further features projected from the Dorsal node. The feature geometry diagrams for the two Spanish velars are shown as Figure 3A.


[image: Figure 3]
FIGURE 3
 Feature geometry for Spanish and English Dorsal stops: (A) Spanish velars /k/ and /ɡ/, (B) English velars /°ɡ / and /kh/.


I follow Torres-Tamarit (2019) in assuming that, like other Romance languages, the two-way Laryngeal contrast in Spanish is derived by the feature [±voice]. Evidence for this feature lies in the acoustic cues associated with each series. The series /p t k/ exhibits positive, but short VOT in onset position, while the series /b d ɡ/ has negative VOT. Thus, I assume that the first series is a voiceless series specified as [−voice], while the second is a voiced series specified as [+voice].




2.2.3. English phonology
 
2.2.3.1. English vocalic phonology

Figure 1C shows the comparatively dense vowel inventory of English. Even within a single country, like the United States where all L1 English learners of Kaqchikel who participated in the current study were born and raised, there is considerable variation in the language's vowel inventory. Thus, my description of the inventory is general in that it consists of around 12 vowels.

English distinguishes these many vowels on dimensions of height, backness, rounding, and tenseness. To account for these many distinctions, more vocalic features are necessary than for the previous two languages. These features are: [±back], [±high], [±low], [±round], and [±tense]. I take all vowels to be specified for all features. The [+back] vowels are /u ʊ o ɔ ʌ ɑ/. The [+high] vowels are /i ɪ u ʊ/. The [+low] vowels are /æɑ/. The [+round] vowels are /ɝɔ o ʊ u/. Finally, the [+tense] vowels are /i e o u/ (Kim and Clements, 2015), though, as mentioned previously, Brown and Golston (2006) proposed that one of [ATR] or [RTR] capture this distinction (advanced or retracted in their model).



2.2.3.2. English consonantal phonology

The consonantal inventory of United States American English is shown at the bottom of Table 1. In English, there are six stop phonemes, just as in Spanish, with three PoAs on two Laryngeal series.

I take English to use the same specifications for Place as Spanish: the bilabials /ph b ° / are specified for [Labial], the coronal stops /th d ° / (which in English are alveolar) are specified for Coronal with a terminal node of [−posterior] projecting from it, and the velars /kh °ɡ / are specified for [Dorsal]. The feature geometry for English Dorsal stops is shown as Figure 3B.

Based on Laryngeal Realism (Honeybone, 2001), I take the operative Laryngeal feature in English to be [spread glottis] (Iverson and Salmons, 1995). The fortis (or aspirated) stops /ph th kh/ are marked in this respect, and thus bear the Laryngeal feature [spread glottis], while the lenis (unaspirated) stops /b ° d ° °ɡ / are unmarked and do not bear the feature. The lenis series being unmarked for a Laryngeal feature in turn makes them susceptible to intervocalic (passive) voicing in some environments, while in other environments, the [spread glottis] feature is suppressed so that fortis stops may surface as unaspirated (e.g., in sC- onset cluster).

Additionally, in multiple English varieties, word-final stops increasingly surface as ejectives, with at least 26% of such stops being realized as ejective in a corpus analysis by Price et al. (2020). However, MRI analysis in Price et al. (2022) showed that many English ejectives are produced without an elevated larynx, implicating an airstream mechanism distinct from the laryngeal egressive airstream typically ascribed to ejective production in languages like Kaqchikel. Could experience with these emerging allophonic glottalized stops provide learners of Kaqchikel with knowledge transferable to their acquisition of the Kaqchikel laryngeal contrast?




2.3. Learning problem

With these differences in stop phonology among these three languages in hand, we can now formulate the learning problem encountered by learners of Kaqchikel who have already learned and use both Spanish and English. Spanish contrasts voiced stops from voiceless stops, based on the Laryngeal feature [±voice], while English contrasts aspirated stops from unaspirated stops with the Laryngeal feature [spread glottis]. These contrasts, underlying features, and associated cues are neither equivalent to each other, nor equivalent to the Laryngeal contrast of Kaqchikel, a glottalization contrast between glottalized stops and plain stops based instead on [constricted glottis]. How can these learners use their knowledge of Laryngeal contrasts in Spanish and English to learn the new glottalization contrast of Kaqchikel? Adding to this learning problem of Laryngeal specification, Spanish and English both contrast their respective stop consonants at three PoAs: labials, coronals, and velars. Kaqchikel, on the other hand, adds uvulars to these three. Thus, learning the glottalization contrast cannot simply be an extension of the Laryngeal contrasts already known, as new cues must be learned for the uvulars and the contrast between them as well.



2.4. Research questions

The current paper investigates how learners manage to solve the learning problem presented by the new categories and contrasts among Kaqchikel stops by asking the following research questions.

1. Do Spanish-English multilingual learners differ in their perception of Kaqchikel stop consonants based on their L1 (i.e., their L1 Group)?

2. If so, which language is privileged in this regard?

3. Is any such privilege present across the whole stop subsystem, or restricted to individual parts, namely the Laryngeal contrast on one hand and Place contrasts on the other hand(s)?

4. Is there a difference in stop perception based on its Position within its word?

I hypothesize, based on the phonological differences between Spanish and English, that there will be differences between these two groups. These differences should arise in the groups' perception of the Laryngeal contrast of Kaqchikel, but not the place contrasts. English phonology offers a Laryngeal contrast based on [spread glottis], which is a better match than Spanish's [voice] for Kaqchikel's system based on [constricted glottis]. Therefore, based on the L2 Status Factor Model (Bardel and Falk, 2007) and the findings of Wrembel et al. (2019) that PAM in L3 prefers mappings of L3 on L2, the L2 English group (NSS) should outperform the L2 Spanish group (NES) in perception of Kaqchikel's stop contrasts.

On the other hand, if both groups select optimal mappings, as is predicted under redeployment models, no inter-group differences should emerge among the learners, as they should make similar mappings based on their shared knowledge of both Spanish and English. In this case, it may be more beneficial to consider individual cases of L3A of Kaqchikel rather than group-wise comparisons based on learners' L1s.

As there is no difference in Place phonology between English and Spanish stops, the decision to transfer the phonological structure from one language over that of another should not impact their perception. Therefore, I do not predict group differences based on PoA. Instead, the findings of Wagner and Baker-Smemoe (2013) lead me to predict relatively good uvular categorization by both learner groups.

However, I do hypothesize that there is an effect of stop's position that could interact with the potential Group effects, or overall effects of Laryngeal and Place contrasts on categorical perception of Kaqchikel stops. English stops regularly appear in a variety of syllabic positions, including at the beginnings of words and syllables and at the ends of words and syllables. Spanish stops do not regularly appear in domain-final positions. However, Spanish voiceless stops in initial position do map more closely to Kaqchikel plain stops in initial position, in both having unmarked phonological specification and in the acoustic cues associated with them. Therefore, based on property-by-property transfer (Westergaard et al., 2017; Archibald, 2022), knowledge of Spanish domain-initial voiceless stops could be transferred to account for Kaqchikel initial plain stops, while English domain-final stops could be transferred to account for Kaqchikel final stops.



3. Materials and methods



3.1. Participants

In order to investigate the stated research questions, I recruited 18 multilingual Kaqchikel–Spanish–English users to perform various tasks in those three languages. The first group were L1 users of Kaqchikel (heretofore labeled as “Native Kaqchikel SpeakersNKS), while the two other groups were L3 learners of Kaqchikel. The learner groups were divided according to the L1 of each participant, with 6 learners being L1 Spanish (receiving the identifier “Native Spanish Speakers”, NSS) and 7 learners being L1 English (“Native English Speakers”, NES), in a mirror-image design (Ortin and Fernandez-Florez, 2019).

One NES learner's (NES7) results were excluded due to their insufficient Spanish experience relative to other NES participants. This left 5 NKS, 6 NSS, and 6 NES. Each participant also gave a self-assessment of their Kaqchikel, Spanish, and English skill levels in listening and speaking using a three-point rating scale (1=“beginner”, 2=“intermediate”, and 3=“fluent”). The descriptive statistics for the groups' ages and their age of learning and self-assessments for each language appear in Table 2.


TABLE 2 Descriptive statistics of each group's ages (in years) at time of study plus their ages of learning (AoL, also in years) and listening and speaking self-assessment scores (out of 3) for each language. Group means (with standard deviations in parentheses).

[image: Table 2]



3.2. Categorization task
 
3.2.1. Materials
 

3.2.1.1. Stimuli

Stimuli for the categorization task were audio recordings of 160 Kaqchikel, Spanish, and English words as spoken by a female L1 Kaqchikel L2 Spanish, L3 English speaker. This speaker was born and raised in Guatemala, but had resided elsewhere at various points in her life, including the United States and Spain. As a Kaqchikel language researcher and teacher, she was able to produce the stimuli in a Standard Kaqchikel variety.

She recorded the stimuli into a Zoom H4N Handy Recorder equipped with a Sony ECM-44B condenser microphone attached to the her lapel, by reading aloud from wordlists with each target word placed within a carrier sentence that matched the language of the word. For Kaqchikel, this carrier sentence was Xinb'ij [word] la q'ij la' “I said [word] that day)”. For Spanish it was Dijo [word] la semana pasada “I said [word] last week”. For English words the carrier sentence was I said [word] last week. She also read from an additional Kaqchikel wordlist, recordings of which formed part of the category labels for the categorization task. She read each wordlist two times, with half of stimuli selected for presentation in the task coming from the first readings and half coming from the second readings. Recordings were trimmed down to just the target word using speech analysis and modification software, Praat.

In order to test for any differences in categorization based on the stops' positions within their respective words, the stimuli featured each of the three languages' six or eight stops in both initial/onset and final/coda positions. Additionally, each stop phone for all three languages appeared before each of the four vowels /i e o u/ in the initial condition and after each of the four vowels /i e o u/ in the final condition. Each stimulus word was presented twice giving a total of 320 trials for each participant. Of the 320 trials, only 128 presented Kaqchikel words; the remaining 192 presented Spanish or English words. For the purpose of the current study's analysis, the 192 Spanish and English trials were distractors that kept the listener in a trilingual mode of perception throughout testing. They would be cross-linguistically categorizing Spanish and English stops into Kaqchikel categories, but cis-linguistically categorizing Kaqchikel stops into Kaqchikel categories. The use of stimuli from three languages is based on the bilingual categorization task of Wagner and Baker-Smemoe (2013), in which English and Q'eqchi' stops were categorized into English categories. The list of Kaqchikel stimuli words presented to listeners is shown in Tables 3, 4.


TABLE 3 Categorization task stimulus words: Kaqchikel, initial stops only.

[image: Table 3]


TABLE 4 Categorization task stimulus words: Kaqchikel, final stops only.

[image: Table 4]

The categories that participants would be asked to sort each word into were the eight phonemic oral stops of Kaqchikel. These categories were represented visually by an icon that corresponded to a word which began with the stop phoneme it was serving as a label for. I give these eight category label words in Table 5.


TABLE 5 Categorization task category label word associations.

[image: Table 5]

In addition to categorizing words based on their initial and final stop consonants, participants also rated the goodness of each categorization. This rating was made on a scale with 5 discrete points. Ratings could be indicated by clicking a point on the scale or by pressing the corresponding number on the keyboard.



3.2.1.2. Equipment

The experiment was run on the same Dell Inspiron 13 7370 laptop computer for all participants. Participants listened to the stimuli at maximum volume through a pair of Sony MDRZX110 over-the-ear headphones wired to the laptop. The category and rating interface appeared on the laptop's display, allowing participants to indicate their responses using the laptop's track-pad or a wireless mouse connected to the laptop via Universal Serial Bus (USB) adapter. All equipment was wiped with rubbing alcohol before each participant used it.




3.2.2. Methods

The trilingual categorization and rating task was designed and blocked out using the PsychoPy software, which generated and ran Python code that presented stimuli to participants and recorded their responses in spreadsheet format. All participants completed the task during the summer of 2019, prior to the COVID-19 pandemic and any potential adjustments to methods that it would have forced.

Prior to any practice or testing trials, each participant was given unlimited time to familiarize themself with the experimental interface and category labels via a PowerPoint slide matching the interface they would see in test trials. This slide included clickable icons, each of which played an audio recording of the word associated with that icon. Each icon was a monochrome depiction of the meaning of its associated word. This training was necessary as the audio for each category label would not be playable during categorization trials. Therefore, participants would have to associate the initial stop of each category label word with the icons on the screen during this time.

The experiment was divided into two blocks, with 160 trials testing initial stops randomized within the first block, and 160 trials testing final stops randomized within the second block. Prior to each testing block, a screen displayed instructions for the task in both English and Spanish. Once participants read this screen and indicated they were ready, practice trials began. After completing four practice trials, which included a word from each of the three languages being studied, another screen reminding participants of their instructions was shown. Again, once participants read this screen and indicated they were ready, testing trials began.

For each trial an audio file of a word in either Kaqchikel, Spanish, or English played a single time. The categorization interface displayed eight black icons corresponding to the Kaqchikel stop category labels learned from the PowerPoint slide prior to the task. Once the participant clicked any of the icons, the screen would switch to the rating interface, where the participant would indicate how good of a match that word's stop was to the category they selected. There was no reminder of which categorization the participant made. Once the rating was confirmed, the next trial began. This repeated for all 160 test trials in the block. Between blocks there was a break. Once the participant indicated they were ready to continue, they saw a screen showing the instructions for the “Final” block, and the process was repeated focusing on the final stop of stimuli words. After they completed all trials, a final screen thanked the participant for their time. BN then debriefed the participant compensated for their time.



3.2.3. Measures

For each trial, every participant's response was recorded using the PsychoPy software. This included the Kaqchikel stop category selected as the best match for the played word's stop consonant (i.e., the categorization), the amount of time elapsed between the playing of the audio and the participant's categorization (Response Time, RT), the participant's rating of their categorization, and the amount of time elapsed between the initiation of the rating interface and the selection of the rating.

For the current analysis, rates of correct categorizations can also be calculated. These rates (or accuracy scores) could then be used to assess the accuracy of a participant's or group of participants' categorical perception of a given division of Kaqchikel's stop consonants: by Place feature, by Laryngeal feature, by word Position, or any combination of any of these three factors. Alternatively, for a logistic regression analysis, as is to be performed here, each response is coded as either correct (with a binary value of 1) or incorrect (0).

The category with the most selections for a given division of the sample (i.e., a listener, a language group, or the sample as a whole) for a given stimulus specification (i.e., a Kaqchikel stop phoneme with or without regard to its position in its word) was determined to be the modal categorization for that division for that stimulus specification. In the event that multiple categorizations are tied as a modal categorization, the categorization with the highest mean rating was determined to be the modal categorization. Modal categorizations can be used to compare different participants' or participant groups' performance on this task to each other.

When the categorization is done cross-linguistically, ratings show what types of assimilation or categorization scenario are occurring. Higher ratings indicate high category goodness, while lower ratings indicate low category goodness. Thus, even in the case where a learner selects the same category phoneme for multiple stimulus phones, relative goodness among their categorizations can be determined. Cross-language rating tasks of this type have been used in previous multilingual studies to show how multilinguals perceive sounds from both their known and target languages at different levels of similarity to sounds in one of those languages [e.g., a previously learned language in Wagner and Baker-Smemoe (2013) or the target language in Wrembel et al. (2019)].

The focus of the current analysis lies only on the accuracy of categorizations of Kaqchikel stops into Kaqchikel categories. I leave complete analysis of Categorizations and Response Times to future work [see Nelson (forthcoming)].




3.3. Other tasks

In addition to the categorization task, participants were asked to complete other tasks of perception and production. The first tasks all participants completed were production tasks. These tasks consisted of the reading of wordlists in all three languages of the study, Kaqchikel, Spanish, and English. The procedure for recording these wordlists matched the procedure for recording of the perception stimuli.

All participants also completed a language background questionnaire, responses of which informed the description of the participants in §3.1. Each participant completed this written questionnaire during a break in their AX Discrimination task. For all participants, the Categorization task described previously in this section was the final task completed as it was most revealing of the objective of the study as a whole: documenting perception and production of stop consonants in Kaqchikel, Spanish, and English.




4. Results


4.1. Raw accuracy results

Listeners were accurate in their categorization of Kaqchikel stimuli stops into Kaqchikel stop phoneme categories on 54.7% [[image: image], standard deviation (SD) = 29.8%] of all trials. For the NKS group, the overall accuracy rate was 68.1% ([image: image], SD = 20.6%). The learner groups had lower accuracy rates: NSS were correct on 40.2% ([image: image], SD = 18.0%) of trials, while NES were correct on 57.9% ([image: image], SD = 13.6%) of their trials. Note that performance at the level of chance is 12.5% accuracy, not 50%, as there are 8 potential categories, despite there only being two outcomes (correct or incorrect).8 Table 6 shows the accuracy of categorization for each group (as well as the standard deviations within each group) according to the levels of each of the factors Place, Laryngeal, and Position.


TABLE 6 Categorization accuracy by groups based on stop Laryngeal feature, position, and place of articulation.

[image: Table 6]

When trials are divided by the Place of the stop being categorized, the Place with the highest accuracy across all listeners was coronal, followed by labial, velar, and then uvular. As for how each group performed relative to each Place, NKS were most accurate with uvulars, followed closely by coronals, velars, and then labials, while NSS were most accurate on labials, followed by coronals, velars, and then uvulars. NES were most accurate in categorizing coronals, followed very closely by the other three Places: velars and uvulars, and then labials.

Dividing trials by the Laryngeal feature of the stimulus stop, across all participants, plain stops were categorized correctly on 51.4% of trials ([image: image], SD = 22.9%). This was slightly lower than glottalized stops, which had an accuracy of 58.0% (SD = 20.2%). This pattern held for each of the three language Groups as well.

When Laryngeal and Place features are considered together, the phoneme whose stimuli were most accurately categorized correctly across all listeners was the glottalized uvular /ʛ ° / (65.4%, [image: image], SD = 23.8%). This was followed in order of decreasing accuracy by the plain coronal /t/, the plain labial /p/, the glottalized velar /k'/, the glottalized labial /ɓ ° /, the glottalized coronal /t'/, the plain velar /k/, and finally the plain uvular /q/ (34.9%, SD = 33.0%).

Based on the Position of the stimulus stop, initial stops, with an accuracy rate of 58.0% ([image: image], SD = 20.0%), were categorized correctly more often than final stops (51.4%, SD = 21.4%) across all listeners. This was true within each L1 Group as well.

Pulling all factors together and considering a stop's Place, Laryngeal, and Position in determining its accuracy of categorization (as in Table 6, initial stops were categorized with greater accuracy than final stops for every stop phoneme (i.e., Place + Laryngeal combination), except the glottalized uvular /ʛ ° /, which had greater accuracy in final Position than when in initial Position. NKS deviated from this overall pattern in categorizing final glottalized coronal /t'/ with greater accuracy than initial /t'/. NSS deviated from the overall pattern in categorizing three of the four glottalized stop phonemes with greater accuracy in final Position than in initial Position, adding /t'/ and /k'/ to /ʛ ° / in that regard. Finally, NES also deviate from the overall pattern by having greater accuracy in categorizing final stops than initial stops for /ɓ ° / and /q/, in addition to /ʛ ° /.



4.2. Multiple logistic regression analysis
 
4.2.1. Logistic mixed effects model

I analyzed the participant's ability to correctly categorize Kaqchikel stops into Kaqchikel categories under a logistic mixed effects model9. I fitted a logistic mixed model [estimated using the Bound Optimization B Quadratic Approximation (BOBYQA) optimizer on the Akaike Information Criterion (AIC)] in order to predict Correct categorizations based on Group, Place, Laryngeal, and Position factors. Included in this model were three interaction factors: one between listener Group and stimulus Place feature, one between Group and stimulus Laryngeal feature, and one between Place and Laryngeal features. I also included a single random effect caused by individual difference among Listeners.

The formula for the optimized model in the lme4 package's glmer() function was:

Correct ~ (1|Listener) + Group + Place +

Laryngeal + Position +

Group*Place + Group*Laryngeal +

Place*Laryngeal.

As indicated by its conditional R2 of 0.33, the model's total explanatory power is substantial. The fixed effects part of the model carries a marginal R2 of 0.18. The model's results are listed in Table 7. Note that the contrasts within factors were made using sum contrast coding, with estimates representing deviations from the mean. For convenience, I list the effect of each level of every factor. In the rightmost column, I also give the observed accuracy rate for the portion of the sample corresponding to each effect. These can be compared to the model's predicted probabilities, which I give in the following paragraphs.


TABLE 7 Mixed effects logistic regression analysis of the factors' contribution to the probability of accurately categorizing a Kaqchikel stop. The rightmost columns give the number of observed that contributed to the model plus the accuracy rate of those observed trials.
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The logistic regression analysis of this model reveals several significant effects among each of the factors as well as two of the three interaction terms. This indicates that the factors and those two interactions are meaningful predictors of correct categorization of Kaqchikel stops. Figure 4 shows the predicted probability of a Kaqchikel stop being correctly categorized based on the L1 of the listener, its Place features, its Laryngeal features, and its Position at the beginning or end of its word.


[image: Figure 4]
FIGURE 4
 Predicted probability plot showing the model's predicted probability for each combination of the levels of Group, Place, Laryngeal, and Position.




4.2.2. Main effects
 
4.2.2.1. Group

Of the three listener Groups in the current study, the model reveals a significant effect of two of them. Unsurprisingly, NKS listeners are significantly more likely than average to provide a correct categorization of a Kaqchikel stop (β = 0.77, 95% CI: [0.15, 1.40];z = 2.42, p = 0.015). On the other hand, listeners of the NSS Group are significantly less likely to provide a correct categorization (β = −0.85, [−1.45, −0.25];z = −2.79, p = 0.005). The effect of a listener belonging to NES was found to be non-significant (β = 0.07, [−0.52, 0.66];z = 0.25, p = 0.809).

Figure 5A shows the predicted probability of a correct categorization10 for each Group. NKS has a predicted probability of 74% correct, NSS has 36%, and NES has 59%.


[image: Figure 5]
FIGURE 5
 Probability plots for the Group and Place factors based on the mixed effects logistic regression analysis. The horizontal line in each represents the mean to which each level of Group or Place was compared. Blacked out sections of these lines indicate that there was not a significant effect of that section's Group or Place: (A) Group, (B) Place.




4.2.2.2. Place

Two of the four Places are significant predictors of categorization accuracy. Coronal stops are significantly more likely to be categorized correctly by Kaqchikel-Spanish-English multilingual listeners (β = 0.21, 95% CI: [0.04, 0.37];z = 2.46, p = 0.014), while uvular stops are significantly less likely to be accurately categorized (β = −0.20, [−0.38, −0.02];z = −2.14, p = 0.032). The effect of labial Place is non-significant but positive (β = 0.10, [−0.06, 0.26];z = 1.18, p = 0.237), while that of velar Place is non-significant but negative (β = −0.11, [−0.27, 0.05];z = −1.31, p = 0.189).

The predicted probabilities for a correct categorization of a stop from each of the four Kaqchikel Places are shown in Figure 5B. Listeners are predicted to correctly categorize labial stops 60% of the time, while the predicted probability for coronals is 62%, velars 54%, and uvulars 52%.



4.2.2.3. Laryngeal

As there are two series of stops based on a Laryngeal feature in Kaqchikel, a positive effect of a stop being in one series would be accompanied by an equivalent negative effect of a stop belong to the other series. In this case, the plain stops of Kaqchikel are significantly less likely to be correctly categorized (β = −0.21, 95% CI: [−0.31, −0.11];z = −4.16, p < 0.001), while glottalized stops are significantly more likely to be correctly categorized (β = 0.21, 95% CI: [0.11, 0.31];z = 4.16, p < 0.001).

Figure 6A shows the predicted probabilities of a listener providing a correct response for a stop in each of the two Laryngeal series of Kaqchikel. Listeners are predicted to be correct on 52% of plain stop trials, while for glottalized stop trials the predicted probability is 62%.


[image: Figure 6]
FIGURE 6
 Probability plots for the Laryngeal and Position factors based on the mixed effects logistic regression analysis. The horizontal line in each represents the mean predicted probability to which each level of Laryngeal or Position was compared: (A) Laryngeal, (B) Position.




4.2.2.4. Position

Similar to the Laryngeal factor, the Position factor was measured at two levels, word-initial and word-final. As such, a positive effect of one Position is accompanied by an equivalent negative effect of the other. In the current model, initial Position has a significant positive effect on accurate stop categorization (β = 0.17, 95% CI: [0.07, 0.26];z = 3.47, p < 0.001), so final Position has a significant negative effect (β = 0.17, 95% CI: [−0.26, −0.07];z = −3.47, p < 0.001).

Figure 6B shows the predicted probabilities for correct categorization of a stop based on its word Position. The model predicts that listeners provide a correct categorization on 61% of initial stop trials, but only 53% of final stop trials.




4.2.3. Interactions
 
4.2.3.1. Group by place

For the two-way interaction term between listener Group and stimulus Place, the model shows significant effects at two of the four Places. At labial Place, there is a negative effect of NKS Group (β = −0.45, 95% CI: [−0.69, −0.21];z = −3.62, p < 0.001), accompanied by a positive effect of NSS Group (β = 0.59, [0.36, 0.81];z = 5.04, p < 0.001). At uvular Place, on the other hand, there is a positive effect of NKS (β = 0.63, [0.36, 0.91];z = 4.51, p < 0.001), with a negative effect of NSS (β = −0.85, [−1.12, −0.59];z = −6.26, p < 0.001). NES again has no significant effect, never differing significantly from the expected mean (p>0.071 at all three Places).

The predicted probability of a correct response for each Group × Place combination is shown in Figure 7. NKS listeners have a predicted probability of 67% correct for labials, 78% for coronals, 69% for velars, and 82% for uvulars. For NSS, these are 53% for labials, 46% for coronals, 36% for velars, and 17% for uvulars. For NES, the predicted probabilities are 58% for labials, 60% for coronals, 59% for velars, and 60% for uvulars.
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FIGURE 7
 Probability plot for the Group by Place interaction based on the mixed effects logistic regression analysis. The horizontal line within each Group's plot represents that Group's mean predicted probability, to which each level of Place was compared. Blacked-out sections of these lines indicate that there was not a significant interaction for the respective levels of Group and Place.




4.2.3.2. Group by Laryngeal

The model shows that none of the two-way interactions between listener Group and stimulus Laryngeal are significant (p>0.058 for each). A listener from each Group is predicted to exhibit the main effects of their Group and of the stop's Laryngeal feature. Thus, NKS listeners have significantly higher than average accuracy, while NSS listeners have significantly lower than average accuracy, while they are significantly less likely than average to correctly categorize a Plain stop, but are significantly more likely than average to correctly categorize a Glottalized stop. For space considerations, I do not show the probability plot for this non-significant interaction term.

The predicted probability for a NKS listener to correctly categorize a plain stop is 69%, but 79% for a glottalized stop. NSS listeners are predicted to correctly categorize plain stops on 30% of trials, but for Glottalized stop trials this is 43%. NES listeners are predicted to correctly categorize 57% of plain stop trials and 61% of glottalized stop trials.



4.2.3.3. Place by Laryngeal

Finally, for the two-way interaction term between stimulus Place and Laryngeal features, the model shows significant effects of Laryngeal at three of the four levels of Place: labial, coronal, and uvular. Plain labials are more likely to be categorized correctly than average (β = 0.29, 95% CI: [0.13, 0.45];z = 3.49, p < 0.001) while glottalized labials are less likely (β = −0.29, 95% CI: [−0.45, −0.14];z = −3.49, p < 0.001). This is also true for coronals, with plain /t/ more likely to be categorized correctly (β = 0.39, [0.22, 0.55];z = 4.64, p < 0.001) and glottalized /t'/ less likely (β = −0.39, [−0.55, −0.22];z = −4.64, p < 0.001). However, plain uvulars are less likely to be categorized correctly (β = −0.70, [−0.88, −0.51];z = −7.44, p < 0.001), but glottalized uvulars more likely (β = 0.70, [0.51, 0.88];z = 7.44, p < 0.001). Velar accuracy does not significantly differ from its predicted mean for either of its two Laryngeal specifications (z = ±0.28, p = 0.782).

Figure 8 shows the predicted probability of a correct response for each Place × Laryngeal combination. The predicted probability of a correct response for plain labials is 61%, but for glottalized labials it is 58%. For plain coronals this predicted probability is 66%, compared to glottalized coronals' 58%. For plain velars, the predicted probability of a correct categorization is 50%, while for glottalized velars it is 59%. Finally, the plain uvular predicted probability of a correct categorizations is 31%, but for glottalized uvulars it is 73%.
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FIGURE 8
 Probability plot for the Place by Laryngeal interaction based on the mixed effects logistic regression analysis. The horizontal line within each Place's plot represents that Place's mean predicted probability, to which each level of Laryngeal was compared. Blacked out sections indicate that there was no significant interaction for the respective levels of Place and Laryngeal.







5. Discussion


5.1. Significance
 
5.1.1. Research answers

Answering the research questions in §2.4, the results indicate that:

1. L1 Spanish, L2 English multilinguals differ from their L1 English, L2 Spanish counterparts in their ability to correctly categorize some of Kaqchikel's stop consonants.

2. L1 English appears privileged, as when differences were significant, L1 English, L2 Spanish multilinguals are more accurate than L1 Spanish, L2 English multilinguals.

3. The difference is limited to the Place contrast, and specifically the categorization of uvulars.

4. Positional differences are minimal, but not insignificant. Closer investigation of the effects of positional allophony on both L1 and learners' categorization accuracy is warranted.



5.1.2. Group differences

In the mixed effects logistic regression model there is a significant interaction between the L1 Group and the Place of the stimulus stop on accuracy. Specifically, NSS accuracy is significantly lower for uvulars compared to both other L1 Groups. NSS do particularly well at categorizing labials, as there is a significant positive interaction between NSS and labial Place, showing they aren't failing the task outright. They are simply poor at categorizing uvulars.

Meanwhile, the NES group never differ significantly from predicted mean accuracy. They are not involved in any significant Group by Place interaction effects. Their predicted accuracy is always well above chance, and always lies between NKS above them and NSS below them. However, the difference between NES and NSS predicted probabilities is significant only at uvular Place.



5.1.3. Uvular categorization

Examining the NSS group's uvular categorizations, the proximity to floor performance (in terms of both observed accuracy and predicted probability), especially with plain uvulars, is a major contributor to this effect. In short, NSS listeners are much less able to identify and categorize /q/ than are the other two groups. I did not predict greater confusion, and therefore difficulty, for either learner group compared to the other for any Place of articulation. I had made this prediction because the relevant Place specifications are virtually identical in Spanish and English. Both systems exhibit a three-way contrast between bilabials, coronals, and velars. Neither system seemed to provide an advantage (or disadvantage) over the other if it was selected for transfer into the L3 system. Therefore, the current results showing such a difference between learner groups would seem quite surprising. However, the patterns observed here need not be so surprising!

Phonological redeployment, as discussed in §2.1, is the L2A process proposed by Archibald (2005) by which learners of a language utilize components of phonological knowledge to account for differences between their known language and their target language. I did predict that NES would be able to redeploy their Laryngeal feature [spread glottis] or potential non-contrastive uses of [constricted glottis] to account for Kaqchikel's Laryngeal distinction. While that result is not as apparent, there is still a potential case of redeployment at play in the present results, specifically in the differences in uvular categorization. While there is no major difference in the Place features of stop consonants in Spanish and English, English does use more distinctive phonological features to specify its vowels than Spanish uses for its vocalic inventory.

Spanish requires fewer features to specify its vowels than does English. Those features are [±high], [±back], and [±low]. English, on the other hand, requires more features, adding [±round] and [±tense]. [±tense] behaves remarkably similar to [±ATR] cross-linguistically, especially in regards to vocalic specification (Beltzung et al., 2015). Thus, if [±tense] and [±ATR] make equivalent specifications, and [±ATR] has an inverse feature in [±RTR], then a relationship between [±tense] and [±RTR] exists. This relationship allows for redeployment of the English vocalic feature in specifying Kaqchikel dorsal stops, which are specified by [±RTR]: velars with [−RTR] and uvulars with [+RTR] (Davis, 1995; Shahin, 2002). Analyses of English that attribute its tense–lax distinction directly to the critical feature [±RTR], such as Brown and Golston (2006), avoid the need to establish any analogical relationships between [±tense], [±ATR], and [±RTR]. Representation matters!

Based on the differences in their self-assessment of English speaking skills (Table 2), I assume that these NES learners have more solidified knowledge of English phonology than the NSS learners. I therefore propose that multilingual NES are more likely to redeploy English phonological features than multilingual NSS are. Specifically, this involves taking the vocalic feature used to specify the distinction between tense and lax vowels, whether it be [±tense], or one of the related tongue root features [±ATR] and [±RTR], which they may already be using in specifying the tense–lax contrast of Kaqchikel, and applying it to the novel consonantal contrast between velars and uvulars.



5.1.4. Laryngeal categorization

Shifting the lens of analysis to the laryngeal contrast, the main effect of Laryngeal suggests there is a difference in how listeners, regardless of their L1, categorize plain versus glottalized stops in Kaqchikel. Against my prediction, there is no evidence that either learner Group used knowledge of allophonic glottalized stops in English more than the other Group in their categorization of Kaqchikel glottalized stops. Based on the theory of phonological redeployment in Archibald (2022), this is unsurprising: that would be learners redeploying phonetic rather than phonological knowledge.

However, the significant interaction effects between Place and Laryngeal, particularly as visualized in Figure 8, shows that a primary contributor to higher accuracy of categorizing glottalized stops (both predicted and observed) is the extremely high accuracy of categorizing glottalized uvular stops. A likely explanation for this is the relatively robust acoustic cues associated with the release burst of the uvular implosive /ʛ/ ° . As explained by González Poot (2014) and Archibald (2023), such robust cues help the learners notice, and then better account for, contrasts for which they lack explicit phonological knowledge.



5.1.5. Position-dependent cues

Once more, I return to the modest, but significant effect of Position on Kaqchikel stop categorization. The model predicts slightly higher accuracy for categorization of stops in initial position relative to stops in final position, as visualized in Figures 4, 6B. Again, I refer to Archibald (2005); González Poot (2014), and Archibald (2023), who also predicted that onset stops (including initials) would have more robust cues than coda stops (including finals). That prediction is borne out here.

Flege and Bohn (2021) presented a revised version of Flege (1995) SLM, with many changes to its scope, methods of analysis, and predictions. Although phonetic categories and learning remains its focus, the revised SLM de-emphasized effects directly related to the listener's age. Instead they keep open the possibility for continuous learning across the learner's life-span, including re-weighting of perceptual cues, just as Archibald (2023) would later suggest as a primary language learning task along the journey to adequate phonological representations.



5.1.6. Toward an integrated model of L3A

Finally, Rothman (2011, 2015) Typological Primacy Model offers a potential alternative explanation for these results, with a caveat. Under that model, the learner transfers one of their known language systems to serve as the initial state of L3A. After this initial state, additional L3 experience could lead the learner to adjust their L3 interlanguage via cross-linguistic influence (González Alonso and Rothman, 2017; Rothman et al., 2019), potentially via redeployment.

If a learner of Kaqchikel, and perhaps these NSS learners, had selected Spanish, with its relatively few vocalic features, redeployment of [tense]/[RTR] would not be an option. Only after they adjust their interlanguage to allow for the influence of English and its [tense]/[RTR] feature would they then be able to redeploy that feature in optimally mapping both the tense–lax and velar–uvular distinctions of Kaqchikel. However, as these learners are not at the initial stage of their L3A, the source of transfer cannot be determined here and is therefore left to future work that analyzes learners closer to, or at, the initial stage of Kaqchikel L3A.

The main limitations to the results I have presented here are related to this inability to determine the source of initial transfer. These learners represent a very particular subset of learners of Kaqchikel. In order to build the best picture of L3A, both generally and of Kaqchikel, the effects observed here should be investigated in other subsets of learners [a methodological concern going back to at least Cabrelli Amaro (2013a)]. Additionally, as noted by a reviewer, the phonological status of the tense–lax distinction among these NSS is not probed here. This is a notorious learning problem for L1 Spanish learners of L2 English [examined, e.g., in Escudero (2005)]. If a NSS has not acquired this English contrast, then it logically follows that its underlying feature is unavailable for redeployment in L3 Kaqchikel.




5.2. Conclusion

In this study, I examined a case of L3A, in which multilingual learners already familiar with English and Spanish are learning Kaqchikel, a Mayan language of Guatemala. The phonological structures of primary interest were the stop consonants, particularly the glottalization contrast and the distinction of a uvular/post-velar PoA.

Learners, which were grouped based on which of the two known languages was their L1, as well as a comparison group of multilingual L1 Kaqchikel users, completed a audio perception task in which they categorized Kaqchikel's stop consonants into the eight phonemic categories of Kaqchikel. All listeners performed well above chance. However, several effects emerged in their performance on this task. One of these effects was an interaction between L1 Group and Place of articulation: NSS listeners were less accurate in categorizing uvulars than both NES and NKS, indicating they had not yet formed the category of uvular PoA and were unable to contrast them with other places, and particularly velars.

I propose that NES listeners were more accurate than NSS due to having relatively easier access to knowledge of English phonology, which contains more material that can be redeployed when learning an additional language's phonology, and in this case Kaqchikel's. The key feature that the NES listeners have better access to is the vocalic feature [±tense], or alternatively [±RTR] or [±ATR]. Whatever this feature is, its status as a distinctive feature among English vowels allows it to be redeployed to capture the novel category of Kaqchikel uvular stops. NES learners of Kaqchikel redeployed an English feature specific to vowels in order to capture a Place contrast among Kaqchikel stops. NSS learners, on the other hand, do not appear to be able to do this yet.

However, hope is not lost for L1 Spanish L2 English learners of L3 Kaqchikel, or of any order of language learning between these languages or languages with similar distinctions across them. NES appear able to redeploy English's vocalic feature thanks in part to English being their L1, with better access to its underlying phonology. Nevertheless, these NSS learners should still have access to phonological knowledge of English. It may simply be just a matter of time and practice with L2 English and L3 Kaqchikel before they too make the connections between English lax vowels and Kaqchikel lax vowels and uvular stops already made by their NES counterparts. Thus phonological redeployment, in the L3A context, is a tool available for all to use in language learning, and not one restricted to those who happen to have a L1 with more phonological material available to be redeployed in a given L3A scenario.



5.3. Resource identification initiative

The following resources were used in the creation and presentation of experimental materials or the analysis and visualization of experimental results:

• Adobe Photoshop (RRID:SCR_014199)

• Overleaf (RRID:SCR_003232)

• Praat (RRID:SCR_016564)

• PsychoPy (RRID:SCR_006571)

• Python Programming Language (RRID:SCR_008394)

• R Project for Statistical Computing (RRID:SCR_001905)

• R package: Companion to Applied Regression (RRID:SCR_022137)

• R package: dplyr (RRID:SCR_016708)

• R package: ggeffects (RRID:SCR_022496)

• R package: ggplot2 (RRID:SCR_014601)

• R package: Harrell Miscellaneous (RRID:SCR_022497)

• R package: lme4 (RRID:SCR_015654)

• R package: Regression Modeling Strategies (RRID:SCR_023242)

• R package: tidyverse (RRID:SCR_019186)
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Footnotes

1This study constitutes a part of a larger study investigating the acquisition of the Place and Laryngeal contrasts of Kaqchikel stops in various syllabic and word Positions by Spanish-English multilingual learners. The other parts of this study are briefly discussed in §3.3.

2SLM was later revised in Flege and Bohn (2021). Though not immediately relevant here, I return to this in §5.1.5.

3Alternatively called Standard Chinese, as a specific standardized variety of Mandarin. For consistency, I refer to this language as Mandarin, as Brown (2000) and later Yang et al. (2022) do.

4The status of [±voice] as a distinctive feature in Mandarin /ʂ/ and /ʑ/ is not straightforward, however. Duanmu (2007) and Lin (2007), both cited in Yang et al. (2022), offered differing accounts of the contrast. Lin (2007) transcribed Yang et al. (2022)'s /ʑ/ as /r/, describing it as a voiced approximant, and later a liquid sonorant that “tends to become a voiced fricative”(47). Duanmu (2007) transcribes this segment as /ʑ/, but did not definitively describe its distinction from /ʂ/ as one of voicing, but rather of aspiration (24). Thus, I arrive at the same conclusion as Archibald (2023): there is no solid motivation for the distinctive status of [±voice] in Mandarin.

5Evidence for this perhaps unintuitive specification comes from a vowel harmony process in which the vowel of a verbal suffix /-Vʔ/ matches the [±back] specification of the vowel of the verb root /CVC/ but the suffix's vowel is always [+round] and [+tense]: /i ɪ e ɛ a ə/ harmonize to /a/, while /o ɔ/ harmonize to /o/ and /u ʊ/ harmonize to /u/ (Brown et al., 2006, p. 172). An alternative analysis would have the central vowels specified [+back] and [−round] with this process matching the [±round] specification of the root vowel and instead requiring [+back] and [+tense] in the suffix. Given the phonetic variability of /ə/ that allows for fronted [e], raised [ɨ], and rounded [ʌ] (Patal Majzul et al., 2000), I analyze the central vowels as [+round] rather than [+back]. This choice has no direct implications on the current study.

6Affricates, which fall outside the scope of the current analysis due to their articulatory complexity, also show this contrast.

7See Nelson (2023) for a detailed discussion and analysis of aspiration and related word-final processes in Kaqchikel.

8Accuracy of classification could be analyzed at a featural level, with one accuracy score for choosing a category that shares its Place with the correct phoneme and one score for choosing a category that shares its Laryngeal feature with the correct phoneme. I do not make that level of analysis here.

9I had initially analyzed these data under mixed Analysis of Variance design. At the urging of a reviewer, I analyzed the data using this model design.

10[image: image], where Prob is the predicted probability, e is Euler's number, and β is a coefficient of the model.
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