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1 Introduction

Research demonstrates that phonetic transfer is widespread in bilingual speech production
(Bullock and Gerfen 2004; Baker and Trofimovich 2005; Mayr et al. 2015). In particular, phonetic
convergence is predicted in similar sounds (Flege 1987), with the direction and degree of
convergence mediated by a variety of sociolinguistic factors (Guion 2003; Nance et al. 2016;
Kasstan 2019). Furthermore, in circumstances of widespread and long-term bilingualism,
individual instances of phonetic transfer can result in community-wide sound change (Nagy and
Kochetov 2013; Yao and Chang 2016). However, studies that simultaneously analyze synchronic
and diachronic convergence, especially in minority Indigenous languages, remain rare. This paper
examines whether English-Diné Bizaad (Navajo) bilinguals show evidence of phonetic transfer
and intergenerational change, in their production of Diné [kx, tx], sounds with English counterparts
[kP, t"] that are similar in certain, but not all, respects.!

1.1 Similarity and phonetic transfer

Within multilingual populations, language contact is a source of novel variants, as speakers import
features from one language into another (Thomason 2001). One prominent mechanism proposed
to explain which features will be transferred is “interlingual identification”: the process by which
bilingual speakers equate units across languages, due to perceived similarity, resulting in
borrowing (Weinreich 1953). In the case of pronunciation, bilinguals may link similar phonemes
and apply phonetic specifications of one language to an associated phoneme in a second language.
Relatedly, phonetic convergence and phonemic substitution of similar sounds from a majority
language are commonly documented in endangered languages (Campbell and Muntzel 1989;
Goodfellow 2005; Babel 2009; Chang 2009).

Accordingly, similarity plays a central role in the Speech Learning Model (SLM) of
bilingual speech production (Flege 1995). The SLM predicts that bilingual phonetic systems will
interact through category assimilation and dissimilation based on equivalence; when sounds in a
second language are sufficiently distinct from the first language, speakers establish a new phonetic
category and maintain pronunciation distinctions, or phonetically diverge between sounds in their
languages (Flege and Eefting 1987). However, when sounds are perceived to be identical or similar
across languages, speakers associate sounds in their second language with an existing first
language category. Such categorization results in non-native accents, as speakers pronounce
second language phonemes with phonetic characteristics of their first language. Over time, with
continued exposure to the second language, initial categorization may shift.

Regarding bilingual production of stops, timing cues are a frequent locus of transfer
(Fowler et al. 2008). Studies report that, when compared to monolinguals, bilinguals produce stops
with voice-onset times (VOTs) that are closer to sounds in their other language (Flege 1991;
Maclagan and King 2007; Sleeper 2020). Attested effects are bidirectional; timing cues may be
transferred from a first to a second language, or vice versa, even after a relatively short period of
exposure (Chang 2010). However, stops that are presumed to be similar do not uniformly exhibit
VOT convergence (Flege and Eefting 1987), and transfer may be constrained by sociolinguistic

'Research is supported by the National Science Foundation (GRFP 2014178334; DDIG
1713793; SPRF 1907948). Thank you to the Diné participants, to Barsine Benally, Louise
Ramone, and Melvatha Chee for their help in recruiting, and to Marianne Mithun, Matthew
Gordon, Eric Campbell, and Lorene B. Legah for feedback on earlier versions of this analysis.
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factors (Newlin-Lukowicz 2014). Based on previous findings, phonetic transfer of timing cues
between similar stops is predicted, though not inevitable.

1.2 Diné Bizaad-English bilingualism

Diné Bizaad (Navajo, Navaho, ISO nav) is a Southern Dene (Athabaskan, Athabascan,
Athapaskan) language spoken primarily in and around the Navajo Nation in the present-day
American Southwest. Though Diné Bizaad maintains an active speaker population, ongoing
settling of non-Native people on Indigenous land is causing shift, and bilingualism is widespread
(House 2002; Spolsky 2002; Benally and Viri 2005). As is typical in communities undergoing
shift, language usage tends to be age-graded: bilinguals over 60 predominantly identify as Diné
Bizaad-dominant, bilinguals between 40—60 often consider themselves to be equally proficient in
their languages, and many under 40 understand, but do not speak much Diné Bizaad (Lee 2007,
Jacobsen 2017). Despite shift, speakers of all ages continue to value and use Diné Bizaad in a
variety of domains (Lee and McLaughlin 2001).

The targeted sounds are Diné [kx, tx] and English [k", t"]. For alveolar and velar stops in
syllable-initial position, English speakers contrast voiced unaspirated [g, d] with voiceless
aspirated [k", t"], while Diné speakers contrast voiceless unaspirated [t, k], voiceless
aspirated/affricated [kx, tx], and voiceless ejective [k, t’] (McDonough 2003). Although they have
been referred to as phonemically aspirated sounds in some publications (e.g., McDonough and
Ladefoged 1993), subsequent phonetic analyses describe Diné [kx, tx] as affricates (McDonough
2003; McDonough and Wood 2008). Other sources report variation in the phonetic quality of the
release periods [kx ~ k"] and [tx ~ t"] (Sapir and Hoijer 1967; Reichard 1945; Reichard 1951;
Saville-Troike and McCreedy 1980), or between places of articulation, with [tx] described as an
affricate and [k"] as an aspirated stop (Young and Morgan 1987).

Table 1 displays mean VOTs for the Diné and English alveolar and velar stops. The Diné
Bizaad measurements, published in 1993, come from 119 words, mostly monosyllabic nouns,
produced by seven native speakers who use the language daily. English measurements come from
stops in word-initial position produced by four speakers. I omit cases of negative VOTs in English.
While speakers of both languages use VOT, or duration of the affricated release, as a cue to
contrast unaspirated and aspirated/affricated stops, release durations of Diné [kx, tx] are
significantly longer than English [k, t].

Table 1. Mean VOT(ms) of syllable-initial stops

Unaspirated  Aspirated/Affricated Ejective
Diné Bizaad (McDonough and [t] 6 [tx] 130 [t’] 108
Ladefoged 1993:153) [k] 45 [kx] 154 [k’] 94
English (Lisker and Abramson [d] 5 [th] 70
1964:394) [g] 21 [k"] 80

Though there are no empirical studies establishing a perceptual linkage between Diné [kx,
tx] and English [k", t"], the sounds are similar in several ways.? First, the sounds are produced at

2VOTs of Diné ejectives are closer to those of English aspirated stops, but ejectives are quite
different from the English stops in other phonetic qualities. Most notably, they are produced with
strong pulmonic releases (McDonough and Wood 2008). Such differences are expected to prevent
equivalence classification from taking place.
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the same places of articulation: velar and alveolar respectively (McDonough 2003). Second, the
sounds phonemically contrast with unaspirated stops. Third, evidence from stereotypes of Navajo
English suggest that speakers interchange these sounds. A famous example is the song “Rita”,
performed by Diné comedian, Vincent Craig (Jacobsen 2017). In a clip of him introducing the
song he says, “[People] always come up and say, “Mr. Craig, would y’all sing that song Rita?”
And I said “No, no, no it’s not Rita, it’s Rithaaa.” I said. “You got to add that little last push that’s
the way we say it, Rithaaa.” (retrieved from https://www.youtube.com/watch?v=8YxeJ§HD-FU).
In this example, Mr. Craig’s pronunciation of English /t/ in [1it"a] or [1ira] with a long, affricated
Diné [tx] is a central part of his humorous portrayal of strongly Navajo-accented English.

In view of this presumed similarity, the present analysis reports measurements of release
period durations, updated from McDonough and Ladefoged (1993), to determine whether
bilinguals show phonetic convergence—realized as shortening of Diné releases—to shift towards
the VOTs of English [k", t"]. Given an increase in community English usage since McDonough
and Ladefoged (1993), if equivalence classification occurs between Diné [kx, tx] and English [k"
t"], effects of synchronic and diachronic convergence towards English are expected. The analysis
focuses on changes in timing and does not address any phonetic transfer in the quality of the release
periods. Phonetic convergence is examined through the testing of three hypotheses: 1) Participants
will produce Diné [kx, tx] with shorter, more English-like releases than reported in McDonough
and Ladefoged (1993); 2) Younger speakers will produce Diné [kx, tx] with shorter releases than
older speakers; 3) Younger speakers will produce Diné [kx, tx] and English [k", t"] with more
similar release durations than older speakers.

2 Data and methods

Tokens come from interviews with self-identified bilingual participants.® No proficiency metrics
were used; recruited participants were asked that they be comfortable recounting a short story in
Diné Bizaad. Measures of proficiency were intentionally avoided due to the sensitivity of this issue
for many speakers of Indigenous languages, especially those who have experienced or inherited
linguistic trauma in government run boarding schools. Table 2 presents the distribution of
participants by age group and gender.

Table 2. Participants by age group and gender

Factors Levels Number

Gender Men n=20
Women n=31

Age Younger (18-38) n=14
Middle-aged (39-58) n=22
Older (59-78) n=15

3The study was approved by the Office of Research Human Subjects Committee at the University
of California, Santa Barbara. Signed consent forms were collected from all participants. A
statement of support was also obtained from the Navajo Nation Historic Preservation Department.
Interviews and analyses are shaped by my position as a non-Indigenous linguist who has worked
with Din¢é bilinguals since 2009. Interviews are accessible through the Alaska Native Language
Archive.
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Because of community-wide sociocultural changes, the designated age groups tend to share
similar language backgrounds. The older participants acquired Diné Bizaad as a first language,
grew up in Diné Bizaad-speaking homes, and did not speak English until beginning school at
around age six. Most middle-aged participants similarly acquired Diné Bizaad as a first language
in the home, while two learned the language later in school. Among the younger participants, all
were raised by, or spent significant time with, their Diné Bizaad-speaking grandparents, though
not all participants spoke Diné Bizaad at home as children. Half of the younger participants
attended Diné Bizaad immersion schools for some of their K-12 education.

Targeted sounds were measured in elicited words and connected speech. First, an oral
translation task was used to elicit stem-initial [kx, tx], repeated twice, before different vowels. The
employed wordlist was similar to the previous study (see McDonough 2003:194), and words were
checked against dictionary citations (Young and Morgan 1987), and through consultation with a
bilingual speaker, linguist, and instructor (Lorene B. Legah p.c). Seven speakers participated in a
pilot study in 2016, while the remainder were interviewed in 2017. Elicited words differed slightly
between interview sets, and some individual variation occurred in all interviews. Next, stem-initial
[kx, tx] were extracted from discourse: a Pear Film retelling (Chafe 1980) and personal narrative,
both transcribed by Kendralyn Begay, a bilingual speaker trained in linguistics and Din¢ literacy.

After transcription was completed, release periods of [kx, tx] were manually segmented in
Praat (Boersma and Weenink 2017) using waveforms and wide-band spectrograms. Release
durations were measured from the release of the stop closure until the beginning of voicing in the
following vowel; this measurement is equivalent to voice-onset time in McDonough and
Ladefoged (1993). For instances with multiple bursts, release periods were measured from the first
burst. Due to variability between aspiration and affrication, release periods/VOTs were
consistently measured, regardless of the quality of the fricative release; release periods may
include periods of no aspiration or frication. After compiling the duration measurements,
observations were annotated for predictors shown in Table 3.

Table 3. Annotated predictors

Predictors Levels [kx] n= [tx] n=
SEGMENT kx 1133 -
tx - 1792
SOURCE Words 896 1405
Discourse 237 387
FOLLOWING a 302 482
VOWEL e 392 344
1 265 428
0 174 538
PHONETIC Word-initial 373 467
ENVIRONMENT V.V 372 682
C_ 388 643
AGE GROUP Y ounger 298 514
Middle-aged 474 725
Older 361 553

Additionally, tokens of Diné [k] (n=133) and [t] (n=181) were elicited in the same oral
translation task and then measured to determine the updated duration contrasts between the
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unaspirated and affricated stops. Comparable tokens of the ejectives were not available in this
sample, though future work should include these measurements. Finally, to provide a coarse
comparison with English [k", t"], the VOT of 98 tokens of [k"] and 466 tokens of [t"] were measured
in word-initial, stressed syllables, occurring in English discussions during the interviews. The
appendix includes examples of measured sounds.

3 Results

Results address the aforementioned hypotheses. First, to determine whether release periods of [kx,
tx] have shortened since McDonough and Ladefoged (1993), new measurements are presented.
Second, statistical modeling is used to assess whether age groups significantly differ with respect
to release durations of [kx, tx]. Third, measurements from English and Diné sounds are reported,
to determine if speakers produce interlingually similar sounds with similar release durations.

3.1 Duration measurements

Table 4 presents mean release durations of Diné [kx, tx, k, t] in elicited words. Means are organized
by phonetic environment and compared with earlier reported measurements. Standard deviations
are shown in parentheses. A comparison limited to intervocalic segments—the focus of
McDonough and Ladefoged (1993)— reveals that the mean release of [kx] is 49ms shorter than
the earlier mean VOT, while the mean release of [tx] is 4ms shorter. Figure 1 presents boxplots of
measured durations, along with measurements of [kx, tx] from discourse. Consistent with earlier
descriptions, release periods of [kx, tx] are significantly longer than [k, t]. Based on these
measurements, the first hypothesis is partially confirmed: participants produce Diné [kx], but not
[tx], with a shorter release than reported in McDonough and Ladefoged (1993).

Table 4. Mean Diné release durations (ms)

[kx] [tx] [k] [t]

Overall 92(31)  118(28)  26(10)  14(6)
Word-initial 84(27)  111(28) 27(11)  14(6)
C_ 92(29)  113(25)  30(2) 13(7)
V_V (present study) 105(35)  126(28)  24(9) 13(5)

V_V (McDonough and Ladefoged 1993) 154(43) 130(29) 45(9) 6(2)
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Figure 1. Release durations of Diné segments

3.2 Age group differences

Duration measurements of [kx, tx] were analyzed using mixed-effects linear regression. The
model, fit with Ime4 (Bates et al. 2014) in R (R Core Team 2017), includes random intercepts for
Speaker and Word. A maximal model was constructed with all predictors from Table 3 and two-
way interactions. Then, following Winter (2019), likelihood ratio tests were calculated using afex
(Singmann et al. 2016), and non-significant interactions removed. The final model includes all
tested fixed effects and four significant interactions.* Regression models calculate predicted values
based on input data; thus results are reported as predictions. The appendix contains the complete
model output.

The interaction between Age and Segment (shown in Figure 2) addresses whether age
groups significantly differ in release durations of each segment. This interaction was significant
due to younger speakers producing [kx] with a shorter release period than older and middle-aged
speakers. There are no significant age differences in the release durations of [tx]. Because
differences in speech rate were not taken into account, it is possible that age group effects are a
product of group differences in speech rate. However, because distinct patterns emerge between
[tx] and [kx], I contend that these results can not solely be due to speech rate differences. These
results confirm the hypothesis in part: younger participants produce Diné [kx], but not [tx], with
shorter release periods than middle-aged and older speakers.

“Besides Age*Segment, the other significant interactions control for linguistic factors that impact
duration. Phonetic environment*Source is significant because duration is longest intervocalically
and shortest word-initially, especially in discourse. Age*Source is significant because younger
speakers produce shorter releases than middle-aged speakers in both tasks. Age*Following vowel

is significant because younger speakers produce shorter releases than middle-aged speakers before
/a/ and /e/.
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3.3 Interlingual comparisons

Table 5 presents release durations of English and Diné sounds in discourse. Means are displayed
for each age group with standard deviations in parentheses. Figure 3 shows the accompanying
boxplots. Measurements reveal that speakers from all age groups produce Diné [kx] and English
[k"] with more similar release durations than Diné [tx] and English [t"]. As observed in 3.2,
younger speakers produce Diné [kx] with a shorter release than other speakers. This pattern also
renders their release durations of Diné [kx] and English [k"] the most similar. These findings
somewhat support the third hypothesis: younger speakers produce Diné [kx] and English [k"], but
not Diné [tx] and [t"], with more similar release durations. Again, a caveat in interpreting these
results is that speech rate was not analyzed, and bilinguals from different age groups may speak
one of their languages consistently faster or slower than the other.

Table 5. Mean interlingual release durations (ms)

Older Middle-Aged Younger n=
English [t"] 74(27) 74(20) 67(24) 466
Diné [tx] 117(24) 117(23) 115(27) 387
English [k"] 64(23) 68(25) 65(10) 98
Diné [kx] 105(33) 101(31) 85(25) 237
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4 Discussion

Together, findings support the hypotheses for velar sounds. When compared with earlier
measurements, updated values suggest that Diné [kx] has undergone subphonemic shortening.
Consistent with the Speech Learning Model, it is presumed that speakers have equated Diné [kx]
with English [k"], leading to phonetic convergence, in which speakers have shortened their release
period durations to align more with English VOT targets. The younger participants, who are the
most exposed to English, produce [kx] with the shortest releases, and with releases most similar to
their English velar stops. Convergence is unidirectional: Diné [kx] has converged with English
[k"], but English [k"] shows no evidence of simultaneous convergence towards Diné [kx].
Convergence has taken place despite the fact that Diné [kx] is phonemically characterized as an
affricate, and English [k"] a stop.

However, results for the alveolar sounds disprove the hypotheses. Present measurements
of [tx] resemble those reported in McDonough and Ladefoged (1993), younger speakers do not
produce [tx] with significantly shorter releases than other speakers, nor do they produce Diné [tx]
with release durations that are more similar to English [t"] than those produced by other
participants. Given the recorded asymmetry in the literature (see Section 1), whereby [tx] is
described as being more strongly affricated than [kx], I propose that equivalence classification has
not taken place between Diné [tx] and English [t"]. In line with the Speech Learning Model, these
results appear to demonstrate that the alveolar sounds are categorized as dissimilar by bilinguals,
and therefore are not expected to phonetically converge. Perceptual work is needed to confirm
these explanations.

S Conclusions
Overall, results are consistent with predictions of the Speech Learning Model and attested phonetic
transfer in minority languages. Due to increased contact with English, effects of diachronic and
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synchronic phonetic convergence are documented in similar sounds: Diné [kx] and English [k"].
Studies of this nature that link research on Indigenous languages to broader research on bilingual
populations have the potential to inform community-based teaching of pronunciation and to
contribute to knowledge about language contact effects, in contexts beyond more widely discussed
larger languages.
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Appendix

1 Examples®

(1) Diné [tx] [audio-1.wav]

Sétal. [stxal]

sé-tat

I SINGULAR.PERFECTIVE-PERFECTIVE.kick.it

‘I kicked it.

(2) Diné [t] [audio-2.wav]

Seda. [sita]

sé-da

1 SINGULAR.PERFECTIVE-PERFECTIVE.Sit

‘I sit.’

(3) English [t"] [audio-3.wav]
for some time [fo1 sam thaim]
(4) Diné [kx] [audio-4.wav]

"Atoo’ naa deeshkadt. [?atho:? na: te:[kxa:1]

atoo’ n-aa  deesh-kaat
stew  you-to 1SINGULAR.FUTURE-FUTURE.carry.open.container

‘I will bring you stew.’ (Elsie Whitehorse Walck Interview 00:15:31)
(5) Diné [K] [audio-5.wav]

gah [kah]

gah

‘rabbit’ (Elsie Whitehorse Walck Interview 00:08:59)
(6) English [k"] [audio-6.wav]

of where they come from [ov ujewr der k"am fiam]

(Elsie Whitehorse Walck Interview 00:42:01)

> Citations refer to Variation in Diné Bizaad, an archived collection at the Alaska Native
Language Archive. Examples 1-3 are left anonymous per interviewee request.
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457 2 Statistical model output

458
459 Table 1. Random effects output
Group Name Variance Standard
deviation
Words (intercept) 102.7 10.13 n=94
Speaker (Intercept) 229.3 15.14 n=51
Residual 496.9 22.29
460
461 Table 2. Fixed effects output
Estimate | Std. df t-value
Error
(Intercept) [kx], C_, Following 99.44 4.46 | 177.62 22.28
vowel a, middle-aged,
discourse
Segment [tx] [tx] 2291 3.10 | 66.85 7.38
Phonetic environment | Word-initial -15.58 3.39 |2021.42 |-4.60
V.V 10.08 2.61 | 1469.06 | 3.86
Age Older -2.92 5.67 190.36 -0.52
Younger -21.43 432 |897.04 -4.96
Source Words 1.32 2.61 1922.35 10.50
Following vowel e -5.19 4.02 |60.28 -1.29
i 0.51 4.24 | 58.77 0.12
0 1.38 439 |103.67 0.32
Segment*Age [tx]:Older -3.26 2.10 |2851.76 |-1.55
[tx]:Younger 5.89 2.20 | 2844.74 | 2.68
Age*Source Older:Words -6.62 2.65 |2865.08 |-2.50
Younger:Words -0.55 2.88 12896.20 |-0.19
Phonetic environment | Word-initial: Words 7.89 344 | 2485.40 |2.30
*Source
V_V*Words -5.56 297 |2054.81 |-1.87
Age*Following vowel | Older:e 4.59 2.81 |2852.75 |1.63
Younger:e 5.44 3.02 | 2851.02 |1.80
Older:i 5.29 2.88 [2846.08 | 1.84
Younger:i 9.07 298 |2854.45 |3.04
Older:o 4.44 2.85 [2854.09 |1.56
Younger:o 11.97 3.06 |2842.52 |3.91

462



