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ABSTRACT
This dissertation explores the social and linguistic factors that condition minority populations’
adoption of language changes underway in the local majority community. Specifically, I analyze
Philadelphia Puerto Ricans’ adoption of three sound changes in-progress in the greater
metropolitan area—filling a curious lacuna in an otherwise well-studied speech community.
Conversational and read speech data were collected in the field alongside sociodemographic
information, permitting a detailed description of the usage patterns of this longstanding
minority population and an assessment of their linguistic production relative to the larger
(predominately white) majority community.
Each of the three sound changes analyzed has a distinct level of social awareness in the
majority community and is at a distinct point along the typical trajectory of language change.
Ey-Raising, where /eɪ/ raises in closed syllables to make fate sound more like feet, lies under the
level of social awareness and is geographically restricted to Philadelphia. Raising of /aɪ/ before
voiceless codas (‘Canadian Raising’), where the vowels in price and prize cease to be
homophonous, is a marker present in many areas of the northern United States, which in
Philadelphia shows style shifting but no clear independent effects of socioeconomic status.
Finally, /ɔ/ lowering is a stereotype wherein a raised mid-high or high variant of /ɔ/, which is
also present in New York, has reversed its trajectory and is lowering toward its original
height—likely driven by a desire to distance oneself from stigmatized, working-class speech.
The social and linguistic conditioning of the Puerto Rican data are analyzed using generalized
additive mixed modeling, a relatively new and powerful statistical tool for investigating trends
over time. The spectral variability of /ɔ/ relative to /ɑ/, a reference vowel, is assessed using the
Pillai score, a metric derived from MANOVA that approximates the degree of spectral
overlap. Trends in Puerto Rican production patterns are then interpreted within the context
of the changes in-progress described for white Philadelphians and with respect to principles
of language change more generally. Additionally, a social network analysis is conducted that
utilizes graph-theoretic metrics of embeddedness and betweenness to explore the importance
of one’s social connections on the adoption of the target changes in-progress.
Despite limited contact with white Philadelphians, the common belief that they speak poor,
accented English, and the general folk wisdom that minorities don’t participate in majority
sound change, Puerto Ricans have in general adopted the sound changes-in-progress in greater
Philadelphia—both in overall rates and in linguistic conditioning. Of note is that while
speakers show trends in line with white Philadelphians in their vocalic production, their usage
patterns represent trends present on a larger scale than Philadelphia per se. There is evidence
that they are more advanced than whites in Canadian Raising, which is geographically prevalent
in the northern US, and younger Puerto Rican men appear to be using the geographically
ubiquitous COT-CAUGHT merger to avoid the stigmatized /ɔ/ vowel.
Furthermore, the data suggest that minority speakers, who may have weaker ties to the
majority speech patterns, are more adaptable to changes in-progress in their surroundings than
majority speakers. While participation in the Philadelphia-centric Ey-Raising increases with
social network density, the geographically widespread Canadian Raising shows a negative
relationship between graph metrics, suggesting that weaker ties to the social network advance
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this change. Finally, no network effect was found for /ɔ/, suggesting that adjustments to the
community-wide stereotype are not strongly influenced by network structure. This is an
important finding for the fields of language change and sociolinguistics, because it raises
questions for several long-held assumptions regarding the role of minority groups in advancing
sound change.
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Chapter 1
Minority adoption of majority sound change

L

anguage is inextricable from one’s identity and membership in a community, but
for centuries grammarians and often educators, journalists, and politicians have
attempted to regulate language use and eradicate all but only a select subset of
variations that a small, erudite sector of society deems desirable. But neglecting the
inherent variation in language leads to tangible, more undesirable consequences: prejudice,
discrimination, diminished social mobility, and a lack of confidence in one’s own linguistic
knowledge. A silver lining to this inconvenient reality is that it is precisely those minority
speakers, who represent a distinct subculture and potentially distinct ways of speaking from
the standard norms, who are essential to uncovering the factors that lead languages to vary
and change in the first place. Speakers from these groups stand on the threshold between two
or more ways of speaking that often have radically different social evaluations. How are these
multiple varieties integrated in their phonology? Which factors lead an individual to adopt
standard variants rather than their native, nonstandard variants, and in which communicative
contexts are these employed? Which factors lead them to adopt variants from other minority
populations in the same community whose language use is equally nonstandard? How are
those variants transmitted to these speakers, and how do those changes diffuse through their
speech community?
Language change and the evolution of social and stylistic stratification
A socially-grounded timeline of sound change
Based on work in Martha’s Vineyard and New York, Labov (1965, pp. 110–112) posits a
timeline for sound change which draws on social interaction and community-level valuation
of changes in-progress; this model is later supported by decades of work in Philadelphia (e.g.,
Labov, 1994). Most sound changes are changes from below, meaning that they begin under
the level of social awareness (cf. Labov, 1994, pp. 78–79, 2001, p. 279). Such sound changes
typically originate in some isolated sub-group of a community (e.g., working class whites),
spreading and generalizing to all members of that group; this gives the variable observable
stratification in socioeconomic status. In general, internal social groups (e.g., production or
service workers) show the highest rates of use of this variable relative to more peripheral
groups, leading to a curvilinear pattern of change (Labov, 1994, p. 49). At this point, the
novel variant of the variable spreads widely along a given phonetic context, but speakers have
no apparent social awareness of the variant. The lack of social awareness is evidenced by a
lack of stylistic stratification; that is, rates of use are not impacted by speaking casually versus
formally. At this stage, the variable is an indicator, because it indicates a change in-progress
may be underway.
In early sound change, apparent time analyses often demonstrate gradual, approximately linear
adoption of the sound change by birth year. That is, younger speakers tend to show higher
rates of the novel variant or higher magnitudes along the dimension of change. The visible
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linear trend is a product of underlying nonlinear effects. Children adjust and exaggerate the
variation present in their parents’ speech in an approximately logistic pattern until that
variation stabilizes in their own speech, at which point they are less likely to adopt novel forms
(Labov, 2001, p. 446). Thus, while language change follows an s-shaped curve, this is
approximately linear in apparent time (see also Labov, Rosenfelder, & Fruehwald, 2013, fig.
6).
Once the sound change has spread to all members of a given social group, it is transmitted
from parent to child, the latter increasing their use of the novel variant in response. This leads
to stratification by year of birth, since younger speakers show greater usage of the novel variant
than speakers in their parents’ generation. After this, echoes of the change in-progress can be
observed in other social groups and sub-communities. Once the change has expanded
completely throughout a given speech community, it becomes a shared feature of that
community (i.e., a marker). Consequently, all speakers in the community respond similarly,
and stratification by socioeconomic status ceases to be easily discernible. At this stage, the
variable exhibits stylistic stratification, even if it has no overt social awareness (e.g., Labov,
2010, pp. 250, 370).
In the frequent cases where the sub-community originating the change is not representative
of the highest social classes in the community (see Labov, 1994, pp. 300–301), the social elite
may react to the change and attempt to suppress it via stigmatization and standardization.
By chastising the novel variant spoken in lower social classes, or claiming that their way of
speaking is nonstandard, the social elite attempt to enforce change toward their variety, which
they deem as standard and prestigious. These efforts rarely make sweeping changes to the
phonology but do influence how speakers from lower social classes react to their speech; these
are called changes from above. This leads to sporadic, incomplete shifts toward the speech
of the upper classes, particularly in formal or careful speech. At this stage, the variable exhibits
strong social and stylistic stratification. In some cases, speakers from lower classes exaggerate
their use of standard forms even beyond the rates used by speakers of the upper classes; this
is called hypercorrection. When the variable becomes the topic of discussion or is identified
as a shibboleth of a given variety, it becomes a stereotype (cf. Labov, 1994, p. 78, 2010, pp.
185–186). At this point, the variable recedes. This creates a curvilinear pattern in apparent
time, where the change appears to progress and then suddenly recede—either toward the
original level or beyond; eventually, the variant may disappear.
Women as a leading force in language change
In changes from below, which represent the lion’s share of sound changes, women typically
lead men by a generation or more (Labov, 2001, pp. 279–284). Once the variable becomes
stable and is assigned social value, however (i.e., after it becomes a marker), women tend to
be more conservative in their use of nonstandard variants. This effect is independent of style
shifting but does interact with social class: women of all but the lowest social classes have
lower rates of use than men. That women of the lower classes do not avoid nonstandard
variants may be described by them having less access to those variants, which typically
originate in higher social classes (Labov, 2001, p. 271).
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In changes from above, women are also in the lead: they are the first to shed novel forms that
do not represent the more prestigious varieties characteristic of the social elite. This interacts
with social class, such that women of upper middle class also show the highest rates of
hypercorrection overall. This is referred to as the Gender Paradox (Labov, 2001, pp. 292–
293). Alternatively, this interrelationship can be restated as a Conformity Paradox: “Women
deviate less than men from linguistic norms when the deviations are overly proscribed, but
more than men when the deviations are not proscribed.” (Labov, 2001, p. 367).
Various scholars have attempted to account for sex-linked differences in language use, to
varying degrees of success. Power differentials, biological differences in linguistic and social
sensitivity, and differences in the workplace environments have all been argued (see Cheshire,
2003, inter alia). Though the verdict is undecided regarding why women and men behave
differently in their adoption of sound change, the observation that there are differences is what
is crucial for assessing whether a change in-progress is adopted by minority speakers or not.

Dē īgnōtō: Do minority speakers participate in majority sound change?
A language change lacuna
While synchronic sociolinguistic research has focused on speakers from a diverse range of
ethnicities and backgrounds, research specifically on language change in-progress has centered
almost exclusively on systemic changes in the speech patterns of whites and, to a lesser extent,
black speakers. A longstanding assumption in this line of research has been that minority
speakers, whose language use differs from that of the local majority, are unlikely to participate
in the sound changes affecting speakers of the dominant, majority variety, or are likely only to
approximate majority usage patterns (e.g., Labov, 2001, p. 506, 2014, p. 18). However, this
assumption is based primarily on research regarding black participation in sound changes in
progress in white speakers in the same community (e.g., Henderson, 1996; Labov, 2014)
Moreover, a small, yet growing body of work on several visible minority groups has found that
these speakers adopt the language changes-in-progress—albeit not always with the same
conditioning factors (cf. Fought, 1999, 2003; Hall-Lew & Starr, 2010; Hoffman & Walker,
2010; Samant, 2010; Sharma & Sankaran, 2011; Wagner, 2013; Wong, 2010; Wong & HallLew, 2014).
Minority ethnicity, or at least visible minority status, may influence one’s adoption of linguistic
variation. Hoffman and Walker (2010) analyzed sociolinguistic interviews from Canadians of
Italian and Chinese backgrounds representing multiple generations of residence in Toronto,
comparing their participation in a stable variable (t/d deletion, where word-final /t/ or /d/ in
consonant groups are variably deleted) to their participation in an ongoing sound change (the
Canadian Vowel Shift, where /i/ and /ɛ/ lower and back to approximately [ɛ] and [æ],
respectively). While first-generation speakers showed evidence of language transfer, secondgeneration Italian-Canadians and Chinese-Canadians both adopted the change in-progress—
with women apparently more advanced than men. However, the Italian-descendent group
more faithfully adopted the constraints influencing variation in the majority community (e.g.,
manner of the following consonant) than did the Chinese-descendent group (Hoffman &
Walker, 2010, p. 56). The effect of ethnic orientation was complex and not particularly reliable,
but the researchers point to the possibility of the confluence of two factors for the differences
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observed between the Italian- and Chinese- descended Canadians. First, Chinese immigration
is much more recent in Toronto than Italian immigration, which began following the second
World War, and may thus lead to a lower likelihood of participation in ongoing sound change.
Second, while Italians are phenotypically very similar to the British/Irish settlers of Canada
and their descendants, the visible minority status of Chinese Canadians continually broadcasts
their ethnic background (Hoffman & Walker, 2010, pp. 56–58). While the exact role of visible
minority status in the acquisition of majority patterns of linguistic variation remains unclear,
one might reason that having a noticeably distinct appearance from speakers of the majority
variety may lead to increased reluctance to assimilate those patterns of speech.
While not as physically distinctive as Chinese-descendant Canadians relative to Anglodescendent Canadians, Hispanics in the US are also visible minorities. In contrast to the
Chinese Canadians in Hoffman and Walker’s (2010) work, Fought (1999, 2003, pp. 88–92)
finds that Chicanos, or Mexican-descendant Americans, have adopted /u/-fronting, a changein-progress occurring in the California Anglo community. However, their usage patterns
appear to be influenced by a complex interaction among sex, socioeconomic status, and gang
membership. Fought found that the variable is differentially employed (reallocated) by men
and women in the community to index ‘toughness.’ For women, /u/ was more strongly fronted
in non-gang members than for gang members, but /u/ fronting increased as did socioeconomic
status solely within the gang members. For men, /u/ is also more fronted in the gang members,
but there is no effect of socioeconomic status. Outside of gangs, however, there was an effect
of socioeconomic status. Fought explains this discrepancy by suggesting that the /u/ variable
in Chicano English has taken on an indexical meaning of ‘toughness,’ where gang-affiliated
women more easily dissociate from the gang in their speech (1999, p. 20).
Wagner (2013) investigated differences in Canadian Raising (the raising and/or backing of /aɪ/
before voiceless codas) among Irish- and Italian-descendant females at a Catholic high school
in South Philly. Even though speakers from both groups are Caucasian, and thus are not visible
minorities in the greater Philadelphia community like blacks or Hispanics are, Wagner found
that backing was differentially employed within the two ethnic subgroups. As was the case
with Fought’s argument (cf. Eckert’s [1989] classic study on ‘jocks’ and ‘burnouts’), Wagner
claims that backing indexes gender vis-à-vis ‘toughness,’ but that this attribute is differentially
valued in Irish and Italian females: Irish females showed higher rates of advanced /aɪ/ than did
Italian females, which correlated to several other sociolinguistic (e.g., socioeconomic status)
and non-linguistic (e.g., fashion choices) features (2013).
To investigate the influence of language attitudes and interethnic contact on the adoption of
sound change, Labov and Fisher (2015) analyzed corpus data from 36 black speakers, focusing
on this group’s adoption of the complex, traditionally white split-a system (where /æ/ variably
tenses to [əe]). In general, black speakers did not adopt any semblance of the split-a system,
but those with extensive contact with white speakers adopted some features of the system
(e.g., the nasal system, which characterizes younger white speakers; cf. Henderson, 1996;
Labov & Fisher, 2015; Labov, Fisher, Gylfadottír, Henderson, & Sneller, 2016). Along a
complementary vein, Sneller (2014) analyzed South Philadelphian white speakers’ adoption of
the traditionally African-American TH-fronting (/θ/→[f]/ __σ). Curiously, speakers with the
most negative attitudes toward blacks were precisely those who fronted /θ/ the most; Sneller
interprets this as appropriation of a minority variable by the majority population to index
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‘street smarts’ (arguably commensurate with ‘toughness’; 2014, pp. 176–177). These two
studies suggest that inter-ethnic contact may lead to bidirectional influence, but it appears that
it is much more likely for features from the majority variety to diffuse to the minority variety
than vice-versa.
Minority representation in models of transmission and diffusion
The actuation and propagation of language change are often described as a combination of
transmission (i.e., how the new variable moves from adults/caretakers to children) and
diffusion (i.e., how that variable spreads from adult to adult and, consequently, across
communities and sub-communities), though whether the two represent two faces of the same
coin or two separate mechanisms remains contentious (e.g., Labov, 2007; Mooney, 2016;
Stanford & Kenny, 2013; Tagliamonte & Denis, 2014). For example, Labov (2007) suggests
that acquisition from parent to child (transmission) represents a distinct mechanism from
propagation from adult to adult (diffusion), which he uses to explain differential acquisition
patterns of adults and children. Stanford and Kenny, in contrast, argue that both patterns of
behavior can be attributed to a single exemplar-learning mechanism, which is driven by the
density of interaction among speakers (2013). Regardless of the interrelationship among the
two, determining how change propagates is a central problem in diachronic linguistics (see
also Weinreich, Labov, & Herzog, 1968).
Three popular models attempting to account for the propagation of language change are the
wave model (C.-J. N. Bailey, 1973), the cascade model (Chambers & Trudgill, 1980; Labov,
2003), and the contra-hierarchical model (also known as the ‘upstream’ model; Guy Bailey,
Wikle, Tillery, & Sand, 1993). The wave model posits that language change propagates from
some local epicenter and, as distance from the center increases, so does the likelihood that the
change will be either incompletely or incorrectly acquired. However, this pattern often follows
a nonlinear, s-shaped curve, wherein a change gradually begins to take hold before rapidly
advancing and then decreasing as the change completes (e.g., C.-J. N. Bailey, 1973, p. 77; Guy
Bailey et al., 1993, p. 366). In contrast, the cascade model (also called the ‘hierarchical’ model)
suggests that language change moves as individuals do, typically from large city to large city.
Only later, after they are rooted in cities, do changes move to smaller towns in the surrounding
area. Thus, a major predictor of diffusion under a cascade model is population size. Finally,
the upstream model or contrahierarchical model accounts for diffusion from less-populous
rural to more-populous urban areas–the opposite of the cascade model (e.g., Guy Bailey et al.,
1993). For example, in contrast to the /ɑ/-/ɔ/ merger, which appears to have spread in
Oklahoma and the South in a more predictable, hierarchical fashion, Bailey and colleagues
describe the rapid encroachment of the intentional periphrastic future fixin’ to from small
towns to large cities in Oklahoma and elsewhere in the South. Their argument is that
occasionally a subset of features are retained for purposes of indexing identity or local pride—
in this case, to distinguish themselves from workers from the North who recently relocated to
the South (1993, p. 378).
In the same way that the contrahierarchical model is a response to limitations of the
hierarchical (cascade) model, the mechanisms underlying the wave model may not be
independent from those represented by the cascade model. For example, while the Northern
Cities Shift (NCS; see, e.g., Labov, 1994) appears at first blush to follow a cascade pattern of
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diffusion, closer examination reveals a geographical covariate: the largest cities, which most
strongly exhibit the shift, are located in the Northeast (Labov, 2003). Similarly, Maegaard,
Jensen, Kristiansen, and Jørgensen (2013) use data from Danish to address a peculiar pattern
of geographical and demographic fluctuations in the use of linguistic variables in and around
Copenhagen. Using two timepoints and two linguistic variables (impersonal du ‘you’ and
variable raising of the [æ] allophone of /ɑ/ to [ɛ]), the researchers find a curious pattern of
diffusion over time: usage patterns for both variables appear to ebb and flow, originating in
Copenhagen and propagating outward as a function of distance from the city center.
Additionally, the patterns of diffusion do not match with overt attitudes, which predominately
favor the local variety, but they do match with covert attitudes, given that local speech was
downgraded relative to Copenhagen speech in matched guise tasks (Maegaard et al., 2013, pp.
23–25). This “moving target” model appears to blend cascade and wave models, but it also
falls victim to the confound that cities farther from Copenhagen are also less populous. Taken
together, these examples suggest that language change typically begins in larger cities and
spreads outward, but whether the outward spread occurs prior or subsequent to the
propagation of the change to other large urban centers appears to be variable.
In the formulation of current models of language diffusion, ethnic group or minority status is
considered to be an additional covariate, either restricting spread of the change (‘barriers’) or
rapidly promoting it (‘amplifiers’; e.g., Guy Bailey et al., 1993, p. 366). For example, blacks in
Philadelphia, who are socially segregated from Philadelphia whites, tend to acquire only a
subset of the rules governing the split-a system, if they acquire the variants at all (Henderson,
1996; Labov, 2014; Labov & Fisher, 2015; Labov et al., 2016). A similar pattern obtains for
children whose parents are from out-of-state, and thus have exposure that is geographically
distanced from that of Philadelphia white speakers (cf. Payne, 1976, 1980). Surprisingly,
though, preschool-aged children in Philadelphia appear to have no difficulty learning the
complex split-a system in Philadelphia–even if their parents are non-native speakers of English
(Labov, 1976; Roberts & Labov, 1995). Why should this be the case? Moreover, what happens
when those children of non-native speakers are exposed to a stigmatized minority variety
rather than the more prestigious majority variety?
The minority ideal: Puerto Ricans in the US as a test sample
An apt scenario in which to investigate the influence of ethnicity on the acquisition of local
phonological features comes from Puerto Rico’s status as a US colony, since, unlike many
other migrant speakers who represent a local minority, Puerto Ricans can travel freely from
the island to mainland US without need of a visa. Furthermore, Puerto Ricans do not have an
explicit history of being enslaved in the US, although social tensions have sometimes been
high due to the rampant wealth inequality between the two ethnic groups and the strong
association between ‘Puerto Rican’ and ‘poor’ among whites living in the same large, urban
centers as Puerto Ricans (e.g., Ericksen et al., 1985, pp. 36–44; Urciuoli, 1996, pp. 53–57). Of
the communities to which Puerto Ricans have typically migrated in the past century, New
York was the first and remains the most populous (Ericksen et al., 1985, p. 18). It is also one
of the most well studied populations, particularly with respect to Puerto Ricans’ adoption of
black English (also African American English, or AAE) features (cf. Shousterman, 2014;
Urciuoli, 1996; Wolfram, 1974; Zentella, 1997).
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For example, Wolfram (1974) found that second-generation Puerto Ricans in East Harlem
variably adopted black phonological variables1. Some features, such as fronting /θ/ to [f] in
morpheme-final position (compare to TH-fronting; /θ/ → [f] / __+), were present in most of
the informants but more strongly adopted by Puerto Ricans with extensive black contacts
(Wolfram, 1974, pp. 130–131), while others, such as glide deletion in the diphthong /aɪ/, were
adopted only by individuals with a high degree of contact with blacks (Wolfram, 1974, p. 202).
Moreover, some features of their English that align with black English (AAE), like onset THstopping (/θ/ → [t] / σ__) or /d/ deletion preceding a non-vowel (/d/ → Ø / __#Co; Wolfram,
1974, pp. 124,129), could be attributed either to transfer from Spanish or from adopting AAE
variables. In those cases where AAE features are clear, Wolfram states that “cultural
assimilation is largely one-way: It is the Puerto Ricans who are copying the blacks” (1974, p.
39), likely due to a desire for establishing solidarity and minimizing differences between the
groups. In New York, blacks and Puerto Ricans co-exist as minorities in the same geographic
space: “The linguistic world of the New York Puerto Rican working class is woven into that
of their black neighbors. The boundaries are not fixed.” (Urciuoli, 1996, p. 78). However,
adoption of AAE features is not always positively received. For example, a second-generation
Puerto Rican in Wolfram’s (1974, pp. 42–43) study was chastised by his father, who is a native
Spanish speaker, for employing features of AAE in his speech.
As is the case in New York, Puerto Ricans in Philadelphia co-exist among blacks in the
northern and northeastern parts of the city, far removed from the employment opportunities
and resources in Center City. In Philadelphia, a city whose phonology is otherwise extremely
well studied, little research has described the Puerto Rican population’s participation in greater
Philadelphia sound change. Philadelphia has one of the largest Puerto Rican populations in
the world aside from New York City, and Puerto Ricans have been an integral subpopulation
in North Philadelphia since the 1940’s, due to heavy recruitment by the Campbell’s Soup
Company in Camden, NJ, and subsequent chain migration of Puerto Ricans in the 1950’s
(Ericksen et al., 1985, pp. 15–20), so this is quite surprising. At the onset of the Project on
Linguistic Change and Variation, the justification for their exclusion was that Puerto Ricans,
like blacks, represented “the lowest echelon of the working class” (Labov, 2001, p. 48). A
glimmering jewel in this linguistic desert is Poplack (1978a), who studied the speech patterns
of middle-school-aged Puerto Rican students and evaluated their use of three phonological
variables relative to the usage patterns observed for white and black speakers from that
community. Poplack found not only that Puerto Rican children were adopting variables from
both communities, but that their adoption of black variables was driven by local prestige (i.e.,
a popular boy with whom several of the Puerto Rican boys wanted to be friends).
Patterns of majority variation: Target changes in-progress in Philadelphia
Since Labov’s (e.g., 1972, 1994) landmark studies of Philadelphia English, a host of
phonological variables undergoing change have been identified and tracked. In a recent paper,
Labov, Rosenfelder, and Fruehwald (2013) outline the trajectories of some of the major
changes based on traditional sociolinguistic factors (e.g., age, sex, ethnicity); a companion piece
dealing with how black speakers participated in those changes was released by Labov soon
1

Wolfram (1974) also investigated lexicosemantic (e.g., negation structure) and morphosyntactic (e.g.,
distributive be) variables, but these are not the focus of the current study.
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after (2014). Using these analyses as a foundation, the current study investigates the parallel
trajectory of three phonological variables in the Puerto Rican population in apparent time,
each of which represents a distinct point on the trajectory of sound change: (1) Ey Raising,
where /eɪ/ raises near /i/ in closed syllables (cf. Labov, 1972; Tamminga, 2016); (2) Canadian
Raising (cf. Dailey-O’Cain, 1997; Labov, 1972, 2014; Labov et al., 2013; Wagner, 2013), where
/aɪ/ variably raises to [ʌɪ] preceding voiceless codas; and (3) /ɔ/ Lowering, where the raised
/ɔ/, long a shibboleth of Philadelphia English (/ɔ/ → [u]; e.g., water [ˈwu.ɾɚ]; cf. Labov, 2014,
p. 6), has begun to lower and approach /ɑ/.
To ensure that the current study is comparable with much of the work on these sound changes
in-progress, the analyses are restricted solely to the variables and environments indicated. For
example, while recent research (Fruehwald, 2013, pp. 135–141) has found evidence that Ey
Raising may occur pre-consonantally across word and morpheme boundaries rather than
solely in closed syllables, as it was originally formulated, I focus on the original description
here. Similarly, raising of /ɔ/ was originally analyzed in pre-rhotic environments (e.g., Labov,
1994, pp. 79–81), but this change had spread to all phonetic contexts by the time lowering
began (cf. Labov, 2014; Labov et al., 2013). Since the current study investigates the lowering
of /ɔ/, all tokens of the vowel are considered in the analysis.
The three phonological variables were selected to represent distinct levels of community
awareness in the majority, white population (cf. Labov, 1972): Ey-Raising is an indicator (i.e.,
unmarked variable showing social stratification but limited stylistic conditioning); Canadian
Raising is a marker (i.e., unmarked variable showing both social and stylistic conditioning,
which is indicative of some level of awareness on the part of the speaker); and /ɔ/ is a
stereotype (i.e., marked variable that shows strong social and stylistic conditioning), lowering
of which is believed to be driven by stigmatization (e.g., Labov et al., 2013). The range of social
awareness will permit an analysis of the role of majority valuation on its adoption by minority
populations.
Indicator: Ey Raising (/eɪ/ → [i] / __Co$)
Ey Raising, where fate sounds more like feet, was described by Labov (2001, p. 348) as one of
the newest of the ‘new and vigorous’ changes-in-progress in Philadelphia. In early sound
change, before the variable acquires social awareness, social class and speaker sex are
independent; this is also the case with /eɪ/ (Labov, 2001, p. 320; Prichard & Tamminga, 2012)2.
Most non-linguists in Philadelphia do not comment on this in their speech (cf. Labov, 2001,
p. 300, footnote 4). In support of the claim that this variable is below the level of social
consciousness, Labov (2010, p. 56) conducted a phoneme recognition task reminiscent of
Peterson and Barney (1952). Listeners from Philadelphia correctly identified /eɪ/ from a
Philadelphia speaker only 72% of the time—the lowest accuracy of all vowels tested (Labov,
2010, p. 56). This vowel was also the most likely to be misidentified: listeners from
Philadelphia, Chicago, and Birmingham (Alabama) tended to report the vowel as /i/ rather
than /eɪ/. While lower perceptual accuracy of Chicago and Birmingham listeners may be due
to the geographic restriction of this change to Philadelphia and the surrounding areas, the
2

There is also evidence that sexuality influences use of this variable: lesbian women appear to advance the change
while gay men lag behind (Conn, 2005, pp. 123–132). Regretfully, sexuality is not investigated in this thesis.
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sizable inaccuracy on the part of Philadelphians to this feature in their own variety—despite
reasonably high (89%) accuracy overall—would suggest that raised /eɪ/ is not a variant
Philadelphians hear in their own speech. Were it not so, Philadelphians should normalize for
the raised variant in perception, as they do with other variables (such as /aɪ/, which had 93%
accuracy—despite raising before voiceless codas).
Over the last century, /eɪ/ has both raised and fronted to near the space of /i/. To approximate
its two-dimensional movement along the front diagonal of the vowel space, Labov and
colleagues utilize a metric based on the first and second vowel formants: the second formant
minus twice the first formant (F2-2*F1; e.g., 2013, p. 40). This measure was derived based on
the observation that, on average, vowel height is approximately twice as variable as vowel
frontness in sound change. More specifically, a 100 Hz change in F2 corresponds to
approximately a 200 Hz change in F1 (Labov, 1994, p. 64). Despite the lack of stylistic
conditioning, effects of sex have begun to emerge. While initially there was only a general
trend toward rising /eɪ/ in closed syllables, an effect of speaker sex emerges among the younger
interviewees: young women raise to a higher degree than young men (by approximately 150
Hz [along the diagonal] among the youngest interviewees; cf. Labov et al., 2013, Figure 10).
Labov (e.g., 2001, pp. 336–353, 2010, pp. 188–189) also reports an effect of social network,
such that individuals who have stronger connections with people off their respective
neighborhood blocks than they do with those on their blocks (e.g., Celeste S.) showed the
highest rates of raising.
Marker: Canadian Raising (/aɪ/ → [ʌɪ] / __Co[-voice]$)
A change-in-progress with broader geographic spread is raising of /aɪ/ before voiceless codas,
making rice sound more like Royce and less like rise. This is one of the two variables composing
so-called ‘Canadian Raising.’ While /aʊ/ raising also occurs alongside this in many varieties,
research has shown that /aɪ/ raising is less noticeable than /aʊ/ raising—the latter arguably
being a stereotype rather than a marker (cf. Dailey-O’Cain, 1997). Moreover, evidence has
shown that /aʊ/ is moving in the opposite direction in Philadelphia (Labov et al., 2013, p. 33).
Thus, the focus in the current thesis is limited to /aɪ/ raising, which will also be referred to as
‘Canadian Raising.’ In addition to occurring in Canada (see Chambers, 2006, for a review),
Canadian Raising has been reported in many of the Northern Cities: Ann Arbor (DaileyO’Cain, 1997), Detroit (Niedzielski, 1999), Martha’s Vineyard (Labov, 1963), upstate New
York (Vance, 1987)—and, of course, Philadelphia (e.g., Labov, 1994, pp. 59–60, 82-83).
In the Philadelphia data, the change-in-progress represents a decrease of approximately 60Hz
in /aɪ/ following voiceless codas relative to /aɪ/ found elsewhere (Labov et al., 2013). The
variable also exhibits both social and stylistic stratification. Surprisingly, though, Canadian
Raising in Philadelphia appears to be male-dominated, which distinguishes the change-inprogress from other regions of the US (save for Martha’s Vineyard), where women dominate
the change (Labov, 2001, p. 292). Unlike with Ey Raising, Canadian Raising in Philadelphia
shows no main effect of socioeconomic status. However, there is an interaction between
speaker sex and socioeconomic status: women raise the vowel as socioeconomic status rises,
whereas men show limited-to-no social stratification (Labov, 2001, pp. 300–303). Importantly,
there is no significant difference in /aɪ/ height between men and women among unskilled
workers (Labov, 2001, p. 461).
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Stereotype: OH Lowering ({/ɔ/ → [u]} → [ɒ])
In the Atlas of North American English, Philadelphia’s /ɔ/ was raised along the back periphery
of the vowel space to a mid or high position, as was the case with other cities in the MidAtlantic region, New York, and Providence (e.g., ‘fought her’ sounds more like ‘footer’). This
raising process—one of the factors influencing Philadelphia’s resistance to the CAUGHT-COT
(/ɔ/-/ɑ/) merger that has occurred in most of North America—is relatively high in Philadelphia
and elsewhere on the eastern seaboard, being in the range of 520-674 Hz (Labov, Ash, &
Boberg, 2005). For comparison, in Hillenbrand et al.’s (1995) study conducted in southern
Michigan, mean F1 for /o/ was 497 Hz for men and 555 Hz for women. Clopper et al. (2005)
suggest that younger speakers may be in a transitional state toward merger of /ɔ/ and /ɑ/.
Evidence of merger was more apparent for Mid-Atlantic males than it was for females, who
were more variable in their pronunciation of /ɔ/ (Clopper et al., 2005, p. 1668).
The transition from a mid or high vowel to a lowered variant (approximated as [ɒ]) places it
closer to the space of /ɑ/, but Labov, Rosenfelder, and Fruehwald disagree that there is
evidence for merger in Philadelphia specifically (2013, p. 57). Nonetheless, they do observe a
curvilinear pattern for F1 in apparent time: while the vowel reached its zenith in those born
near 1920, from that point on it has lowered by approximately 100 Hz3. The researchers find
that the trend toward reversal and lowering /ɔ/ is positively correlated with educational
attainment, and they argue that those with higher levels of education desire to minimize this
socially salient regional feature in (Labov et al., 2013, pp. 49–50). Importantly, though lowering
/ɔ/ moves speakers away from a readily perceptible characteristic of Philadelphia speech, it is
correlated with many other changes in-progress in the city and surrounding community.
Among those changes are Ey Raising and Canadian Raising: those with lower /ɔ/ also appear
to have higher vowels for /aɪ/ and /eɪ/ in favorable environments (Labov et al., 2013, p. 57).
Rather, it appears that lowering of /ɔ/ is driven by a desire to avoid association with less
prestigious vernacular speech of New York City—which is currently seeing a similar trend
toward lowering among younger speakers (see Becker, 2014).
A linguistic alternative? Inter-ethnic contact in Philadelphia
Excepting Poplack’s (1978a) study on middle schoolers three decades ago, no linguist to date
has explicitly investigated the English phonology of Puerto Ricans in Philadelphia. Do Puerto
Ricans adopt these linguistic variables in a manner similar to white speakers or, like the
Chicanos in Fought’s (1999, 2003) work and the Irish girls in Wagner’s (2013) study, do they
employ and reallocate these variables to index characteristics that are socially relevant for
themselves in their own minority speech community? The question is complicated by the
social reality of Puerto Ricans in Philadelphia, who, like those in New York City, live in a
geographic space intercalated with speakers of a competitor variety: African American English
(AAE).
Given that blacks represent 43.4% of the population in Philadelphia (US Census, 2010) and
share many more sociodemographic similarities to Puerto Ricans than white speakers do (e.g.,
Ericksen et al., 1985), describing the speech patterns of Puerto Ricans in Philadelphia requires
3

In Lobanov-normalized space (cf. Adank et al., 2004).
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a brief discussion of how blacks in Philadelphia participate in the target sound changes-inprogress. In so doing, the community’s language patterns can be properly situated in their
social reality. However, studies specifically investigating black participation in the target
Philadelphia sound changes are considerably less numerous than those investigating AAE per
se or those investigating white speech—a notable exception being Labov (2014). To
circumvent this, we complement Labov’s (2014) description of these variables in the black
population with studies on blacks in other large urban centers in the US, with the
understanding that the regional phonologies of those urban centers must be taken into
consideration prior to generating hypotheses for Philadelphia.
Stability of /eɪ/ in African-American Philadelphians
The /eɪ/ vowel participates in two key sound changes across the United States, most notably
the Southern Vowel Shift. In this case, the vowel backs and lowers, effectively switching places
with /ɛ/. According to Fridland (2003, p. 10), “The reversal of the /ej/ [/eɪ/] and /ɛ/ classes
appears to be the most regionally unifying and earliest component of the front shift in the
South.” Reversal has been found among blacks in Memphis (Fridland, 2003), particularly for
those with stronger ties to the local black community. In the case of Philadelphia, /eɪ/ is instead
raising in closed syllables, in opposition to its trajectory for the Southern Shift. In Labov’s
(2014) study, blacks adopt this change-in-progress later than whites in apparent time, though
the trend is weak. Moreover, once an outlier born in 1979 is removed, the effect appears to be
all but non-existent, suggesting that blacks have not adopted this change (Labov, 2014, p. 5).
Given Philadelphia’s complex history as a liminal city between the North and the South (Labov
et al., 2013), the possibility that the black population there is maintaining a more Southernlike pronunciation—as was found in Memphis—cannot be ignored.
Rejection of Canadian Raising in African-American Philadelphians
As was the case with /eɪ/, the /aɪ/ vowel is also involved in Southern US phonology. In the
South and select other cities, /aɪ/ reduces to a monopthong ([aː]), leading to Southern
stereotypes such as ‘goodbye’ [gʊ.baː]. Importantly, monopthongal /aɪ/ may also index black
ethnicity (Purnell, 2009, p. 412; Rahman, 2007). Anderson (2002) and Edwards (1997) found
evidence that blacks in Detroit, an urban center with a relatively high black population, used
monophthongal /aɪ/. Anderson additionally finds that reduction is common in pre-voiceless
phonetic contexts, which would block any raising effect like the one found in Philadelphia.
However, it is not certain whether such a finding is national or restricted to Detroit, and the
social factors conditioning its usage may be complex. For example, Purnell (2009) finds no
evidence of monophthongal /aɪ/ among black speakers in Milwaukee who regularly interact
with white speakers, but he does find that blacks with peripheral ties to the white community
hypercorrect both the height and frontness of the vowel when being interviewed by a white
speaker.
In Philadelphia, where the vowel is raising before voiceless codas, Labov finds a complex
curve for blacks by age. In contrast to white speakers, who show linear incrementation in
vowel height in this phonetic context, black speakers exhibit a curvilinear pattern: those born
between 1920 and 1950 roughly mirror white speakers, but then they sharply recede to a point
only slightly above where the community was before the change.
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Given that this feature is not socially salient and rarely commented on in the white community,
it raises the question as to why the variable would exhibit a pattern more characteristic of
socially stigmatized variables. One possibility is that younger blacks in Philadelphia are
adopting more Southern-like speech, which would entail a more stable (monopthongal), lower
/aɪ/ relative to white speakers. In any case, blacks appear not to have adopted Canadian Raising
either.
Opposing white patterns: /ɔ/ in African-American Philadelphians
The most notable change in which /ɔ/ is participating on a national scale is in the so-called
CAUGHT-COT merger, where /ɔ/ becomes indistinguishable from /ɑ/ in pronunciation. This is
one of the most robust changes-in-progress occurring in North America, and it is
geographically widespread. Regions of interest where this merger has been resisted include
Eastern Pennsylvania and much of Western New England (Labov et al., 2005). Additionally,
the merger is believed to be less common in black speakers than in whites (Thomas, 2007).
Some support for this claim can be found in Milwaukee, where the merger is to some degree
variable. Purnell (2009) found that blacks with weak ties to whites hyperconverged to white
interlocutors by lowering /ɑ/, but the same speakers maintained local AAE norms for /ɔ/.
Purnell reasons that this group diverges away from white norms for the vowel (which is nearly
merged) in order “to avoid sounding ‘white’” (2009, pp. 419–420). In contrast, blacks in
Pittsburgh do appear to merge the two vowels—similar to local white norms (Eberhardt,
2008). Additionally, there is some evidence suggesting a near-merger of the vowels among
blacks in Columbus, Ohio, which is in line with the transitional pattern found in white speakers
there (Durian, Dodsworth, & Schumacher, 2009; Thomas, 1989).
Philadelphia shows no sign of black convergence to white production patterns for /ɔ/ (Labov,
2014). In fact, blacks appear historically to have followed opposite patterns relative to whites
for this vowel. Recall that Labov et al. (2013) surmised that younger, more educated white
speakers showed a retreat from raised /ɔ/ as a response to its association with working class or
vernacular speech in New York City. In the data from black speakers, in contrast, younger
individuals appear to be raising the vowel (Labov, 2014, p. 7). However, the data in Labov’s
(2014) study are sparse for younger blacks, so this assumption must be taken cum grānō salis.
Setting this limitation aside, there is still a strong curvilinear trend in the black population:
speakers born in 1920 and 1980 have approximately equal vowel heights, but speakers born in
1950 show much lower vowels (by about 100Hz). This contrasts with the white data, where
there has been a general lowering of the vowel in those born from 1920 onward. Put another
way, the trend suggests that whites and blacks were both lowering the vowel up until those
born in 1950, when the pattern changed for blacks.
Such a pattern also obtained for Canadian Raising in Philadelphia, which raises the possibility
that historical events circa 1950-1970 (e.g., black migration from the South for industry jobs
in the North; cf. Massey & Denton, 1993, pp. 42–48; the Civil Rights Movement) may have
triggered this shift in the black population away from white speech patterns. It is again possible
that blacks are retaining a component of Southern speech in this case—namely, the back
upglide of /ɔ/ rather than the inglide characteristic of Philadelphia—but such a conjecture is
tenuous: Southern /ɔ/ is lowered and unrounded to the space of /ɑ/ as the Back Upglide Shift
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advances (Labov et al., 2005), which would not be consistent with the raising in apparent time
found for blacks in Philadelphia. Finally, the lack of participation may simply be due to lack
of exposure. Philadelphia is one of the most racially segregated cities in the United States and,
As Massey and Denton (1993, pp. 72, 165) put it: The “struggle between ‘black’ and ‘white’
speech patterns is symptomatic of a larger conflict between ‘black’ and ‘white’ cultural
identities that arises from residential segregation.”
Hypotheses regarding the English of Puerto Ricans in Philadelphia
Socio-demographically, Puerto Ricans and blacks are more alike than Puerto Ricans and whites
in Philadelphia. This said, the situation of Puerto Ricans in Philadelphia is much bleaker than
either whites or blacks. Among the three ethnic groups, Puerto Rican children under 18 are
significantly more likely to live in a household below the poverty level—though the proportion
for blacks (43.7%) is much closer to the statistic for Puerto Ricans (60.0%)4. Moreover, PuertoRican (41%) and African-American (50.7%) households with children are more likely than
white households (14.9%) to be headed by a single mother, and, of those families, Puerto
Ricans are almost twice as likely as whites and a third more likely than blacks to have a
household income less than $26,5005. While 67.5% of whites and 55.1% of blacks owned a
home as of 1980, only 38.5% of Puerto Ricans were homeowners. Of those who owned
homes, 37.4% of Puerto Ricans lived in a home worth less than $31,200, compared to 7.5%
of whites and 23.2% of blacks (Ericksen et al., 1985, pp. 48–60).
Given the stark contrast between the social realities of Puerto Ricans and whites, one might
reason that there is little chance for the two populations to interact, and a low likelihood that
Puerto Ricans would be able to (or want to) acquire speech patterns associated with that
community. Blacks are geographically and socio-demographically more similar, so it would
seem logical to assume that Puerto Ricans will adopt a black vernacular. Indeed, the case in
Harlem (Wolfram, 1974) would suggest that this is a likely outcome. However, adopting AAE
speech is unlikely to afford much social mobility, and adopting white speech patterns may be
necessary to broker success in low-paying, service-related occupations (e.g., hotels, retail).
Moreover, research has shown that contact communities may utilize the same variables
distinctly from the majority population to highlight certain indexical fields. Thus, it is not clear
which patterns will emerge in the Puerto Rican community.
If Puerto Ricans adopt white patterns of speech, then we would expect social stratification of
Ey Raising, but no stylistic stratification. Women should lead this change, with men adopting
it approximately a generation later. For Canadian Raising, there should be both social and
stylistic stratification, but men should lead this change. Finally, there should be evidence that
older speakers have raised, but younger speakers have lowered their production of /ɔ/. If
Puerto Ricans adopt black patterns of speech, we would expect a slight trend toward adopting
Ey Raising, but social stratification should be delayed by approximately a generation—if it can
be detected at all. In the case of Canadian Raising, we would expect divergent patterns from
whites in those born after 1950. For /ɔ/, we would expect linear incrementation in vowel height
4

A Chi-square test on the data in Table 5.4 of Erickson et al. (1985, p. 51b) is significant when conducted on all
three groups (χ2(2) = 52,605, p < 0.001) and on Puerto Ricans vs. blacks (χ2(1) = 2,091.3, p < 0.001).
5
All amounts have been adjusted for inflation from January 1980 to January 2017 using the CPI inflation
calculator from the Bureau of Labor Statistics (https://www.bls.gov/cpi/cpicalc.htm).
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in those born after approximately 1950. The patterns for white speakers, and thus the
hypotheses, are illustrated in Table 1.1. Table 1.2 describes black participation in these
changes, or lack thereof.
Table 1.1 Summary of changes-in-progress for white Philadelphians
Variable
Age effect
(change-in-progress?)
Reversal?
Social Stratification
Stylistic Stratification
Gender Effect

EY-Raising
Linear
(Positive)
No
Yes
No
Yes (Female)

Canadian Raising
Linear
(Positive)
No
Yes
Yes
Yes (Male)

/ɔ/ Lowering
Curvilinear
(Neg. Curvature)
Yes
Yes (Education)
Yes
Yes (Female)

Table 1.2 Summary of changes-in-progress for black Philadelphians
Variable
Age effect
(change-in-progress?)
Reversal?
Social Stratification
Stylistic Stratification
Gender Effect

EY-Raising
No
(weak at best)
N/A
N/A
N/A
N/A

Canadian Raising
Curvilinear
(Neg. Curvature)
Yes
N/A
N/A
N/A

/ɔ/ Lowering
Curvilinear
(Neg. Curvature)
Yes
N/A
N/A
N/A

Chapter summary
The institutionalized mechanisms that suppress social mobility in minority populations also
constrain the quantity and quality of interaction they have with speakers of standard varieties.
However, these same mechanisms often place minority speakers in interior social classes—
precisely the ones that originate and lead language change. Hitherto neglected minority speech
patterns, such as those of Puerto Ricans in Philadelphia (e.g., Poplack, 1978a; Pousada &
Poplack, 1982), may hold critical insight regarding how language change propagates within
diverse communities, and how language changes in-progress may be variably adopted within
a minority sub-community. Consequently, such groups provide the key to a much more
complex, diverse, and representative portrait of language variation and change.
In the current study, data from Puerto Ricans in Philadelphia are used to assess their
participation in three key sound changes in-progress within the majority (white) community in
the city; each of the three variables has a distinct level of social awareness in the white
community. First, Ey Raising, where /eɪ/ raises along the front diagonal in closed syllables
(making fate sound like feet), is an incipient change in the greater community. This change inprogress is an indicator, meaning that it shows stratification by social class and gender, but not
by speech style (Labov, 2001, p. 320). Second, Canadian Raising, where /aɪ/ raises in syllables
with voiceless codas (making the vowel in price higher than the vowel in prize in this variety),
is a change that has spread to multiple social classes. It is a marker that shows stylistic
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stratification and stratification by speaker sex, but there is no independent stratification by
socioeconomic status (Labov, 2001, pp. 300–303). There is, however, an interaction between
speaker sex and socioeconomic status: women show social stratification, but men do not.
Moreover, Labov (2001, p. 292) finds that this is one of the few changes in Philadelphia that
is led by males rather than females. Finally, the vowel /ɔ/ had raised in Philadelphia (making
water sound like wooder), leading to overt social commentary and causing it to be associated
with nonstandard speech. Perhaps consequently, the vowel has lowered in younger speakers
(i.e., those born after approximately 1980), particularly in those with higher education.
Importantly, this vowel does not lower into the space of /ɑ/, meaning that Philadelphia still
apparently resists the cot-caught merger spreading across much of the US (Labov et al., 2005,
2013).
While the focus of this research is to investigate how Puerto Ricans participate in these wellstudied sound changes in-progress, it is important to note that Philadelphia is one of the most
racially segregated cities in the United States and has been for more than a century (Massey &
Denton, 1993, p. 72; Warner, 1987, p. 169), which constrains Puerto Ricans’ exposure to
linguistic variation present in the white community. Limited research suggests that black
speakers do not participate in many of these sound changes in-progress (see Table 3.2). Is this
a consequence of the antagonistic history between the two ethnic groups in the US, or does it
proffer support that minority groups tend not to adopt majority patterns of variation?
Although both blacks and Puerto Ricans live in the same neighborhoods of North and
Northeast Philadelphia, the hypothesis is that since many Puerto Ricans in Philadelphia are
members of interior social classes, they should show similar patterns of use for the target
changes in-progress as white speakers from similar social classes. This is not to say that they
may not also exhibit other features of African American English in their speech production
(e.g., TH fronting, where /θ/ fronts to /f/; cf. Wolfram, 1974), nor that they will ‘sound white.’
The Puerto Rican community in Philadelphia is expected to maintain its own phonology,
independent of that of black or white speakers in greater Philadelphia. That is, the argument
is not that Puerto Ricans are switching between AAE and white phonology, but rather that
their English phonology may be influenced by contact with both varieties. The current study
focuses on those aspects of their phonology that may be representative of changing usage
patterns in the white community—their use of AAE variables will be left for future research.

16

Chapter 2

P

Puerto Rican Philadelphia

uerto Ricans have deep roots in North and Northeast Philadelphia. The first area
of migration, in the 1940s and 1950s, was Spring Garden in central North
Philadelphia (Whalen, 2001, pp. 183–184). By the 1970s, much of the population
was concentrated on and around Fifth Street, between Cecil B. Moore and Lehigh
Avenues (the so-called Bloque de Oro6 ‘Golden Block’ or Centro de Oro ‘Gold Center’). Since that
time, the population on Fifth Street has remained relatively stable, but that appears to be
changing: the number moving to Northeast Philadelphia has increased rapidly. In earlier years
of Puerto Rican habitation in Philadelphia (e.g., Poplack, 1979, p. 19; Whalen, 2006, pp. 46–
47) Puerto Ricans often moved Northeast as they improved their financial circumstances, but
the conditioning factor in recent years has been less desirable: Puerto Ricans have gradually
been pushed northward and eastward by rapid gentrification and the increased acquisition of
real estate space. Combined with the fact that very few Puerto Ricans own homes compared
to other ethnicities in the city (Ericksen et al., 1985, pp. 48–60; Whalen, 2001, pp. 188–189),
the rise in home value and rent prices leaves little option but to migrate further away from the
city—and away from accessible public transportation, grocery stores, and more lucrative jobs.
A brief history of Puerto Rican Philadelphia
With approximately 134,000 inhabitants within the city limits, Philadelphia has one of the
largest Puerto Rican populations in the world aside from New York City and the island itself
(cf. United States Census Bureau, 2016; Vázquez-Hernández, 2005). Puerto Ricans, who make
up just under 10% of Philadelphia’s population, have been an integral subgroup in North
Philadelphia since the industrial boom during and after World War II and the need for more
unskilled manufacturing workers in large cities (Whalen, 2005b, p. 13). For example, the
Campbell’s Soup Company in Camden, NJ, heavily recruited Puerto Ricans—no doubt in part
due to the low wages the employer was able to get away with paying them (Whalen, 2001, p.
53). Once their contracts expired (and sometimes before), many migrated to Philadelphia, in
no small part due to the influence of Reverend Enrique Rodríguez, who preached to the
Puerto Rican workers in their barracks at the factory (Vázquez-Hernández, 2005, pp. 99–100).
Soon after this first wave of migration, subsequent chain migration and the development of
labor recruitment companies focusing specifically on Puerto Ricans in the 1950’s and beyond
caused the Puerto Rican population in Philadelphia to grow considerably (Ericksen et al., 1985,
pp. 15–20; Vázquez-Hernández, 2005, p. 100).
The first areas populated by the Puerto Rican migrants in Philadelphia were near Spring
Garden and Fifth Street (Whalen, 2001, pp. 183–184). In the 1950’s, there were entire
neighborhood blocks made only of Puerto Ricans, enabling the recent migrants to interact in
Spanish. A vibrant culture developed here, which led to the creation of various Puerto-Ricanowned businesses in the area that was eventually named ‘El Bloque de Oro’ and the development

6

Note the borrowing from English. The standard Spanish for ‘block’ would be cuadra rather than bloque.
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of cultural centers specifically geared toward Puerto Rico, such as Taller Puertorriqueño7 in
1974, which “uses art to promote development within its community and the Latino Diaspora
and build bridges to the Greater Philadelphia region” (Whalen, 2006, p. 98; see also Stigale,
2013). Additionally, a number of organizations advocating for Puerto Rican issues—like
affordable housing, family support services—were developed, including the Asociación
Puertorriqueños en Marcha (APM8; Whalen, 2006, p. 86) in 1970 and the Hispanic Association
of Contractors and Enterprises (HACE9) in 1982.
In fact, personal narratives from middle-aged participants in the sample reveal that many
pastimes of Puerto Ricans in the early decades were not significantly different from many of
the interviewees in the Project on Linguistic Change and Variation (LCV; Labov, 1984),
despite vast differences in economic opportunity: playing stickball and double-dutch in the
alley or on the street, school fights, and taking public transportation (cf. Labov, 1984). In
Example 2.1, Lisa, who was born in 1960, recounts a time when her twin sister was playing
double-dutch on the roof of her home with friends and told her grandmother (the person who
raised them) it was Lisa in order to avoid getting in trouble10:
Since the 1970’s, the Puerto Rican experience in Philadelphia has changed due to evolving
external and internal pressures. In some ways, changes have been positive, such as the election
of Puerto Rican representation in some local government positions (e.g, City Council, the
Pennsylvania House of Representatives; cf. Whalen, 2001, p. 237) and the revitalization of the
Bloque de Oro, which involved funding from both local and national businesses and
organizations. One major aspect of this renovation includes the construction of El Corazón
Cultural Center, a brand-new, much larger building for Taller Puertorriqueño—the primary arts
and culture organization for Latinos in Philadelphia—which is better equipped with facilities
to display visual and performance art exhibitions, offer art classes to the community, and
provide after-school programs to local youths. These small victories were hard-won, though,
and required decades of activism by Puerto Rican advocacy groups (e.g., the Young Lords, the
Puerto Rican Alliance; cf. Whalen, 2001, pp. 237–238).
Changes in the Puerto Rican experience have also been negative. These are, on the whole,
corollaries of the continued financial struggle of Puerto Ricans, who continue to be the victims
of implicit and overt racial discrimination in housing and access to employment opportunities
in the city. This constellation of factors has relegated many members of the community to
neighborhoods with high crime rates, low property values, and limited access to public
transportation. Moreover, many have had to relocate due to rising home prices and urban
gentrification.
7

More information about Taller Puertorriqueño can be found at: http://tallerpr.org/about/who-we-are/
More information about APM can be found at: http://apmphila.org/about/history/
9
More information about HACE can be found at: http://www.hacecdc.org/history/
10
In this and the following excerpts, transcription conventions represent those in Du Bois et al. (1993) and those
used in the construction of the New Mexico Spanish-English Bilingual Corpus (cf. Travis & Torres Cacoullos,
2013; http://nmcode-switching.la.psu.edu). Standard orthography is used, but local lexical and morphological
variants are represented. <Q Q> indicates quoted speech, and <X X> indicates the transcriber’s best guess
regarding unclear speech. Additionally, ‘~’ indicates anonymized information (in this case, Lisa is a pseudonym)
and ‘!’ is a booster, meaning the word was said emphatically. When the interviewer (i.e., me) speaks, this is
italicized and right-aligned.
8
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Example 2.1. Double-dutch
My sister used to go to the roof,
Upstairs?
And play double-dutch ya know.
With a jump rope?
Yeah.
And,
And,
Throw rocks.
Them little rocks that be on the roof?
We us-She used to throw ‘em down.
And,
Then,
She used to come out.
<Q ~Lisa was d- up there Q>.
That’s what my grandmommy say,
<Q Who didn't lock this Q>,
<Q Who was out there Q>,
‘Cause it was !dangerous,
But,
To us it didn’t lookeded like dangerous.
Just look like a little back yard.. and,
<X We could X> play on the roof.
Lisa11 (S3) 22:55-23:21
The contemporary social reality of Puerto Rican Philadelphia
Northern flights: Gentrification in Lower North Philadelphia
Gentrification in Philadelphia is, as in many large urban centers in the US, advancing rapidly
in historically low-income neighborhoods—precisely those in which many Puerto Ricans live.
Typically, gentrification involves the displacement of longstanding residents with younger,
wealthier (and, typically, white) residents (Newman & Wyly, 2006). In Philadelphia,
gentrification is being facilitated by several tax abatement programs (e.g., Ordinances 961,
1130, and 1456-A; see also Philadelphia Home Rule Charter, 2017), which offer a 10-year
11

The reader may note the presence of characteristic morphosyntactic features of African American English,
such as habitual be and past tense reduplification (cf. Rickford, 1999; Wolfram, 1974, pp. 134–136), which might
lead one to conclude that contact among Puerto Ricans and African Americans has led to change in their use of
English. However, such a claim can only be substantiated after detailed examination of the conditioning factors
for these features in relation to comparative and historical benchmarks (i.e., the Comparative Variationist
Method; cf. Poplack & Meechan, 1998), which lies outside the purview of the current study. As such, I will
consider these morphosyntactic features to be orthogonal to the phonological features under investigation in the
current study, with the understanding that future research should aim to add to the limited work investigating
the relationship between Puerto Rican and African American speech in Philadelphia (e.g., Poplack, 1978b).
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exemption from certain property taxes for owners of new construction or renovated
residential dwellings. Combined with Philadelphia’s unusually high number of vacant lots in
low-income areas (Ding, Hwang, & Divringi, 2016, p. 40), it is a real estate development
dream. However, the consequences for the residents already living in those low-income areas
may not be so positive.
Using credit score data from over 50,000 Philadelphians, Ding et al. (2016) tracked urban
movement from 2002-2014 in the city. They find that, in aggregate, residents of gentrifying
neighborhoods have higher rates of movement than those in non-gentrifying neighborhoods.
However, they find that this effect is modulated by credit rating, such that individuals with
higher credit scores are more likely to exit rapidly gentrifying neighborhoods than those with
lower credit scores. When those with lower credit scores do move, though, they often move to
neighborhoods with lower incomes than the one in which they previously lived. Importantly,
their data only include people who have a credit rating (i.e., who have applied for a loan), and
there is no demographic information aside from age and credit score in the dataset.
Furthermore, the data from weakly gentrifying and intensely gentrifying neighborhoods are
aggregated. Because Philadelphia is so racially segregated (Massey & Denton, 1993; Warner,
1987, p. 169), this analysis fails to account for systematic pressures influencing both the
African American and Puerto Rican populations, particularly in the intensely gentrifying
neighborhoods. Nonetheless, the fact that those low-income individuals in gentrifying
neighborhoods who move tend to move to worse neighborhoods provides evidence that
programs supporting at-risk individuals in gentrifying neighborhoods where rent is rapidly
rising can be beneficial to those groups.
The rising price of real estate in the area is driven in part—but certainly not entirely—by
Temple University, which is located adjacent to a longstanding Puerto Rican neighborhood.
Temple appears to be transitioning from a commuter campus to a residential campus, and it
is currently in dire need of supplemental student housing. In fact, more residential students
lived in private housing surrounding Temple than on campus as of 2012 (City of Philadelphia,
2014). Satiation of this appetite for real estate is being facilitated by the city government, which
in 2014 adopted the “Lower North District Plan” (City of Philadelphia, 2014). This plan, a
part of Philadelphia’s larger ‘#Philadelphia2035’ initiative, involves aggressive expansion and
renovation surrounding Temple University; one of the focus areas of this plan is American
Street—a mere four blocks from the Fifth Street Corridor.
The area surrounding Temple University has historically been one of the poorest in all of
Philadelphia (Pew Charitable Trusts, 2011). Almost comically, the Lower North District Plan
claims that the lower median household income in the Lower North District compared to
Philadelphia as a whole—$16,459 versus $36,957—can be accounted for by the number of
college students in the area (cf. City of Philadelphia, 2014, p. 10). Such a proposition is either
the result of abject ignorance or outright denial of the rampant wealth inequality in the area
and the bleak social reality of its concentration of Puerto Rican and African American
residents—whose numbers far exceed the 11,000 students claimed to be the progenitors of
the inequality, and whose plight has existed long before the rise in the residential student
population (cf. Pew Charitable Trusts, 2011, pp. 12–13; Whalen, 2001, pp. 188–189).
The Lower North District Plan includes re-zoning many areas on and around the Fifth Street
Corridor from single-family to multifamily housing, with the goal of adding over 900 housing
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units in that area—indubitably raising housing costs further in the process. In addition, there
are plans to add “pocket parks” and “a bicycle lane and streetscape improvements that
encourage pedestrian activity,” with the aim of attracting new residents to the area (City of
Philadelphia, 2014, pp. 26–28). This project has already affected the local Puerto Rican
population, causing many to contemplate moving eastward (into Frankford) and
northeastward (into Port Richmond, Juniata, etc.), which may generate enduring fractures in a
longstanding cultural center for that community.
The current plan for expansion may be a bit of an overshoot, as Temple’s student population
growth has stagnated in recent years and it has concomitantly increased construction of
residence halls: “With more university-owned beds coming online, and slowing student
enrollment, the vigorous growth in privately-built apartments for students is expected to slow
in the next 10 years as fewer students are forced to seek off-campus rooms” (City of
Philadelphia, 2014, p. 9). Regardless, zoning changes and focus on renovating the area—while
undoubtedly important for the beautification of the city—will almost certainly take advantage
of the trend for millennials, who are more likely to rent than to buy (Dettling & Hsu, 2017),
to move to urban centers in search of employment (cf. McDonald, 2015; Moos, 2016).
Socioeconomic struggle in Puerto Rican Philadelphia
Puerto Ricans in Philadelphia are the most disadvantaged of the largest three ethnic groups in
the city (cf. Ericksen et al., 1985; Poplack, 1979). Stable employment in unskilled labor at
factories and mills has declined, and rising costs lead individuals to do whatever is necessary
to get by. Anthony (see Example 2.2) describes his job working as a shuttle driver for a temp
agency, which necessitates multiple round trips daily—at times which do not permit a full
night’s sleep:

21

Example 2.2. Three shifts
I drive that school bus out there you see that yellow school bus,
I take people to the job sites.
In ~Camden,
[In New] Jersey.
That's what I do.
Wel- cause well I work for ~Accustaff.. it's- it's a temp agency in ~Thirty ~Fifth ~Fifty
~Five ~Ridge ~Avenue.
So that's what I do.
[Yeah to come to] work,
[They],
Morning afternoon and night.
So is it shift work then?
They just kind of tell you when to go.. o=r.
No no sh-It’s,
It’s a shift,
<% Eh %> three shifts,
One is at five-thirty in the morning the other one’s at-Two-thirty in the afternoon and the other one is at nine-thirty tonight.
A=nd… how far away is that?
~Camden.
~Camden oh- thirty-five minutes.
No but you do it three times a [day],
Coming and going coming and going you don't get no sleep I come home I get here at
quarter to two,
Sometimes I get in bed then get up at five,
Five-thirty I'm already on the truck going over there picking them people up and then
drop them off I'll be back by eight.
[Usually-] usually I take a shower,
And get ready and take a nap.
If I miss my naps I'm in trouble.
Anthony (S14) 24:54-26:18
Movement northeastward has the additional consequence that travel times to get to the higher
paying jobs in the city center are increased. Moreover, there is only one major train—the L—
that services the regions to which many Puerto Ricans have migrated, and this train passes
through areas of the city that are currently undergoing opioid and prostitution crises—not to
mention a recent bout of serial homicide (e.g., Kensington; cf. Hoye, 2012; Philadelphia
Department of Public Health, 2016; Wherry & Rocco, 2011). As a consequence, public
transportation is not, at the time of writing this thesis, a reliably safe mode of travel for many
Puerto Ricans in Northeast Philadelphia. Leticia, a young woman who works nights at a local
non-profit, said she prefers to use a rideshare app when going home, even though it costs
more than the train. When she does take the train, she makes sure that someone is there to
pick her up, because walking home from the station would be unsafe. Here (see Example 2.3),
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she describes some of the various events she has witnessed while coming home from work on
the train:
Example 2.3. Late-night commute
When you get off at !midnight they think you’re a certain kind of !person.
That’s why I don’t like waiting.. on the corner waiting for somebody.
So I usually make sure to have a ride there but,
You see people sleeping.
Dipping.
Even when you take the train,
You even see people having intercourse on the train at midnight.
On the train?
On the trai=n.
Like there’s a little spot I guess where the conductor’s thing is at,
But there’s a single seat.
I don’t know if you ever been on [the L train],
[Yeah..] yeah.
There’s a little single seat [right there].
[In the last car].
In the last car.
And they really.. they don’t care.
{LG} They don’t care so {/LG},
{LG} I see a variety of t-I- you- it’s hard to surprise me now.
Leticia (S11) 20:19-21:02
Interethnic attitudes
The first wave of migration of Puerto Ricans to Spring Garden and the surrounding area
provoked intense racial tension with local whites, particularly in areas that had not previously
seen African American migration (Whalen, 2001, pp. 183–184). Housing discrimination,
verbal abuse, and questionable arrests were also commonplace (Whalen, 2001, pp. 190–194).
Overt racism eventually sparked the Spring Garden Riots, a series of confrontations between
the Puerto Rican and white residents along Spring Garden Street on July 17, 1953 (Poplack,
1979, p. 18; Vázquez-Hernández, 2005, p. 101; see also Whalen, 2005a, p. 230).
Many reprehensible acts of discrimination were shared experiences for African Americans and
Puerto Ricans alike. Be that as it may, the facts that the neighborhoods traditionally inhabited
by Puerto Ricans are interlaced with those inhabited by blacks, and that both are systematically
disadvantaged relative to majority whites in Philadelphia are not to say that race relations have
always been amicable. While this was an opportunity to forge solidarity, it also meant
competition for work (Whalen, 2000, p. 119, 2005a, pp. 235, 240), and in the 70’s and 80’s
gang wars among blacks and Puerto Ricans were reported in and around the lower North (e.g.,
Port Richmond, Kensington; González, 2014; Pompilio, 2015). Paradoxically, the
development of Puerto Rican nationalist thought in New York, Philadelphia, and Chicago was
being strongly influenced by the Black Power Movement during the same time period,
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suggesting a complex interethnic relationship whose characteristics are indubitably influenced
by their shared minority status (cf. Ogbar, 2006).
Any enmity between blacks and Puerto Ricans that may have existed in the past appears to
have lessened considerably over the years, and few younger Puerto Ricans that were
interviewed cited racial violence. Jake, born in 1997, describes his experiences growing up
around individuals of multiple ethnicities in Juniata (a working-class neighborhood in
Northeast Philadelphia; see Example 2.4):
Example 2.4. Diversity in high school
You know you're gonna meet like,
Culturally diverse=,
You know eth- ethnically diverse people,
Um throughout your whole high school experience,
And the- the school I went to,
{TSK} I didn't really get along with a lot of people you know,
We're just so different,
That's the way I would describe it.
[Um=].
<% It- %> it's not a ethni- ethnical thing,
{TSK} There were uh,
Predominantly.. uh African American,
But that didn't have anything to do with it.
Jake (S25) 23:49-24:31
Recruitment process and participant summary
As is the case with any minority community, it can be difficult for an outsider to integrate and
build trust within the group. To gain familiarity with the community and its position relative
to the majority in Philadelphia, four separate trips to Philadelphia were conducted over the
span of three years. The first trip was exploratory in nature, and the goal was to identify
relevant cultural and community organizations and inform them about my research. At this
stage, recordings were collected from several community leaders (priests, historians, etc.).
These provided detailed histories of the Puerto Rican experience in Philadelphia—successes,
struggles, and generational differences in use of Spanish—and pilot data on which hypotheses
could initially be made and phonological variables could be isolated. The purpose of the
second trip was to test various elicitation methods and see which provided the most
ecologically valid data. Additionally, computer-based experiments and several behavioral tasks
(see Chapter 6) were piloted.
The purpose of the third trip, which was scheduled for one month, was to use seed funds to
begin collecting dissertation data. Unfortunately, approximately midway through data
collection, I was involved in an automotive collision with someone driving under the influence
of what I understood to be some very low-grade crack cocaine. The accident combined with
everything it entailed—doctor’s visits, bedrest, having a car totaled—resulted in a rather
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unproductive trip. The fourth trip, which occurred over four months in the spring of 2017, is
where the data presented in this dissertation are derived.
How an introvert meets new people, or ‘A debt to the gregarious’
Initial efforts to recruit participants via cultural organizations were not terribly successful.
Through conversation with the owner of the apartment in which I was staying, who is a pastor
at a church in Old Town, I learned of an exceedingly well connected and socially active Puerto
Rican woman—whom I will call Lisa for the sake of anonymity. Lisa was a newer member of
the church who quickly integrated in the church community, and she also volunteered to go
door-to-door to promote a Puerto Rican candidate in local elections.
I was put in touch with Lisa, who, after a lengthy discussion on topics ranging from her siblings
and family to the intimate details of recent medical procedures, immediately gave me a list of
15 people who she ensured would participate. She called each of them, informing them that I
would be calling and vouching for me. Once I had Lisa’s blessing, the floodgates opened and
I was awash with people interested in helping with my research. It had taken me approximately
18 months to recruit 10 participants for my pilot data; in 18 minutes, she had bested me.
As data collection was ongoing, Lisa continued to provide names of individuals interested in
participating; those individuals also referred me to friends and family members who were
interested in the project. After only four months, I had obtained recordings from 42
individuals. Such a feat would have been impossible for me if not for Lisa’s determination,
network of contacts, and her ability as an insider to encourage trust in me.
Not Hispanicized English: Lack of Spanish transfer to English vowels
Of the 36 participants, 20 reported preferring English and 16 said that they were comfortable
conversing in either English or Spanish. Figure 2.1 plots participants’ reported degree of
exposure to Spanish from their parents, how often they spoke Spanish when younger, and
how often they speak Spanish now. While participants had varying exposure to Spanish when
younger, most report speaking Spanish only approximately a third of the time. Importantly,
there is no evidence that Spanish use is a function of real time for the participants: a paired ttest between their reported frequency of Spanish speaking in their youth versus now was not
significant at α = 0.05 (t (36) = 0.55, p > .05). Thus, it is clear that these participants are quite
comfortable with English, if not English-dominant.
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Figure 2.1. Participants’ Spanish exposure and historical language preferences
(n = 37)

One might be concerned that their English is accented or Hispanicized in some way; this is
not the case. Figure 2.2 plots tense/lax pairs of stressed monophthongs for the Puerto Rican
speakers; shading matches members of a given pair. It is immediately apparent that the Puerto
Ricans have no trouble distinguishing tense and lax vowels, despite the latter not being present
in Spanish. Of special importance is the distinction between /i/ and /ɪ/, which is a shibboleth
of Hispanic-accented English—and entirely absent in these data (Berry & Ernestus, 2017;
Flege, 1991; Kondaurova & Francis, 2008). The /æ/ vowel occupies the lower front quadrant
of the vowel space, suggesting that it is not merged with a Spanish /a/ category (Flege, 1991).
Additionally, there is evidence of both /u/ and /o/ fronting, which are changes occurring in
Philadelphia that are not being investigated in the current study (but see Labov et al., 2013).
Taken together, these features suggest that—at least at the level of their vocalic production—
the Puerto Rican population is undeniably speaking a variety of English with little-to-no
transfer from Spanish.
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Figure 2.2. Tense/Lax distinction in Puerto Rican speakers12
(n = 46,467)

Chapter summary
The Puerto Rican community in Philadelphia is a long-established and indispensable
component of its culture. Since their arrival in the 1940’s and 1950’s, Puerto Ricans have been
integral members of society, often operating in sectors of industry that require long hours,
back-breaking work, and the provision of services to the middle class and above in exchange
for little pay. Despite xenophobia, explicit racism, and being labeled a second “underclass”
alongside blacks (cf. Whalen, 2000), the Puerto Rican subculture has thrived and their numbers
have grown in the face of adversity. Cultural centers are being renovated, community
enrichment programs are on the rise, and recently developed college preparatory charter
schools (e.g., Esperanza Academy) have seen enrollments soar in recent years. Every effort, it
seems, is being made to ensure that Puerto Rican culture is maintained within Philadelphia
and that the next generation of Latinos in the greater Philadelphia community have access to
opportunities that have been nigh unattainable for the current generation.
Cultural maintenance notwithstanding, the sociodemographic situation of Puerto Ricans
relative to the greater Philadelphia community has changed comparatively little over the last
half century. Puerto Ricans are still underrepresented in local government, still more likely to
live in poverty than whites or blacks, and still have limited social mobility. Efforts to change
12

Other possible features of interest, which will not be investigated in this dissertation, include: /oʊ/ fronting, /u/
fronting, and /æ/ tensing (cf. Labov et al., 2013, inter alia).
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this situation have been heretofore stymied by gentrification in Lower North Philadelphia,
where rising real estate costs result in movement ever more northward and eastward,
dislocating and geographically diffusing this enduring sub-community.
In the chapters to follow, echoes of the Puerto Rican experience in Philadelphia will be
explored in their use of language, one of the most intimate and ubiquitous features of human
expression. Specifically, their production patterns relative to the white population in the city—
who represent the majority community and a distinct social reality—will be investigated,
serving as an imperative counterpoint to work about usage of these same production patterns
in the black population. The selection of sound changes in-progress as the elements of analysis
will permit a detailed investigation regarding how minority groups attune to the sociolinguistic
patterns from the local majority that reverberate around them, and how they might marshal
those variables in their own speech.
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Chapter 3

T

Transcription, coding, and statistical analysis

hese data are the product of personal interaction with members of the Puerto
Rican community in Philadelphia, who generously gave their time and who
willingly allowed an outsider into their home. The conversational data come from
narratives of personal experience from members of the community, which were
recorded in an environment comfortable to them. The read speech data represent the best
efforts of participants—many of whom had never participated in a linguistic experiment
before—to comply with the requirements of the elicitation task. While this approach
necessarily leads to the loss of some data due to background noise or overzealous button
pressing, the outcome is well worth the cost, as it reflects the language patterns and social
reality of a community about which linguists know very little.
Sociodemographic information
After being recorded, the 42 participants completed a brief sociodemographic survey
conducted in Qualtrics™. This survey was designed to collect information regarding their age,
sex, occupation, education, language background, and length of time lived in Philadelphia (see
Appendix A for a complete list of the survey questions). After reviewing the sociodemographic
data, six were excluded for lack of proficiency in English (n = 1) or not having lived in
Philadelphia for the majority of their lives (n = 4). Data from the remaining 37 participants
form the dataset for the current study. Of these, 26 were female and 11 were male. Participants
ranged in age from 19 to 63, with a mean of 36.54 years and a standard deviation of 13.24
years (see Table 3.1 for the distribution of speakers by sex and age group).
Table 3.1. Speaker distribution by sex and age group
Year of Birth
Sex
Female
Male
Total

≤ 1985
18
5
23

> 1985
8
6
14

Total
26
11
37

Place of residence and preferred locations
The participants in the current dataset come from North and Northeast Philadelphia, and they
can be subdivided into roughly three groups. The southernmost cluster of participants, slightly
north of Lehigh Avenue (see Figure 3.113), lives in an area of long-standing Puerto Rican
neighborhoods. From here, participants are found directly north, along the so-called Broad
Street corridor (e.g., Pew Charitable Trusts, 2011), extending northward to Olney, a suburb of
13

This figure was created with the ggmap package in R using Google’s API (Kahle & Wickham, 2013). The
URL for this map is: http://maps.googleapis.com/maps/api/staticmap?center=40.006762,75.142863&zoom=12&size=640x640&scale=2&maptype=roadmap&language=en-EN&sensor=false
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North Philadelphia north of Roosevelt Boulevard (or, simply, “The Boulevard.”). Another
group of participants stretches northward and eastward, through Harrowgate, Juniata, and
Frankford. These participants live in areas that, while predominately Hispanic, have also been
influenced by recent patterns of migration within the city (Pew Charitable Trusts, 2011; US
Census, 2010). The outlier in Center City is a student living in the dormitories, and the other
two live near Temple University. One of these is a student at Temple living in the dormitories,
and another lives in private housing in the surrounding area. In general, Hispanics are moving
northward and eastward as whites move into areas closer to downtown Philadelphia.
Figure 3.1. Approximate residences of participants

Each of the two branches of participants borders on areas with predominately African
American residents, while the central group just north of Lehigh Avenue resides in a diverse
space with whites, blacks, and Asians (see Figure 3.2). Chinatown is represented by the
rectangle in the east central area of the city, and the area around this has been the object of
intense residential renovation and gentrification over the last 15 years.
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Figure 3.2. Racial segregation in Philadelphia from 2010 Census Data14
(Circle: Latino; Rectangle: Asian)

White: Blue dots; Black: Green dots; Asian: Red dots; Hispanic: Orange dots

Operationalizing socioeconomic status by occupation group
Socioeconomic status is as important to analyses of language changes in-progress as it is
difficult to determine. Explicit requests regarding one’s annual salary are almost never well
received and have the tendency to put the interviewee on edge for the remainder of data
collection. Ergo, these data are often collected implicitly, using several metrics demonstrated
to correlate to linguistic behavior. Of these, education and occupation group are the most
common. Individuals with higher education tend to have higher salaries, on average, and
attainment of higher education is at least somewhat indicative of one’s family’s ability to pay
for the extremely high cost of postsecondary education in the US. Similarly, individuals with
jobs that require specialized knowledge or training (e.g., engineers, doctors, programmers)
have higher annual income than those in unskilled professions (e.g., janitorial work, utility
work).
For the Puerto Rican data, education was not a viable candidate to approximate socioeconomic
status, because few Puerto Ricans in Philadelphia have attained four-year degrees—let alone
postgraduate degrees—relative to white speakers. Even at the national level, Hispanics have
much lower rates of high school graduation than whites or blacks, which carries over into
14

Each dot represents a single individual represented by the 2010 Census. Colors distinguish speaker ethnicity.
Image Copyright, 2013, Weldon Cooper Center for Public Service, Rector and Visitors of the University of
Virginia (Dustin A. Cable, creator). More information at http://demographics.coopercenter.org/racial-dot-map/
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postsecondary education: only 4.7% of Hispanics in the US have attained an advanced degree,
compared to 8.2% of blacks and 13.5% of whites (Ryan & Bauman, 2016). This is an
unfortunate consequence of the fact that many have been relegated to the lowest rungs on the
social ladder, where low wages make expendable income an illusory concept (cf. Ericksen et
al., 1985; Poplack, 1979, p. 19; Whalen, 2000, 2005a).
Occupations were divided based on the Standard Occupational Classification Policy for 2010
from the US Bureau of Labor Statistics15 and previous research (Torres Cacoullos & Berry,
2018). Occupation groups consisted of Production, Service, Helpers/Aides, and Professionals.
Additionally, Student and Unemployed were added as categories to account for individuals
relying on government assistance and those whose careers were yet to be determined. Of these,
the most populated was the unemployed group (n = 13), followed by those with service
occupations (n = 10; see Table 3.2). The sample sizes for production and professional
occupations were limited but balanced by sex (n = 4 for each). Data from aides and students
(in italics in Table 3.2) were not included in the analyses by socioeconomic status. Home health
aides do not require specialized training, so in a sense they are unskilled service workers, but
their clients—with whom they spend every working hour—may represent varied
socioeconomic statuses, making it difficult to situate their production relative to other groups.
Similarly, students are still to some degree financially reliant on their parents, and it is difficult
to predict what their parents’ socioeconomic status would be without explicitly asking. In
addition, the Helper/Aide and Student groups were only populated by females, making any
comparison by sex impossible.
Table 3.2. Speaker distribution by sex and occupation group
Sex
Female
Male
Total

Unemployed
9
4
13

Occupation Group
Production Service Professional
2
7
3
2
3
2
4
10
5

Helper/Aide
2
0
2

Student
3
0
3

Given the low numbers of participants by sex for production and professional occupations,
any patterns that deviate from those that have been attested in Philadelphia cannot be isolated
from spurious results due to lack of data. All interpretations of the analyses of socioeconomic
status by sex will be taken cum grānō salis, unless a large effect is detected.
The speech data
Conversational recordings: Narratives of personal experience
All conversational recordings were obtained via traditional sociolinguistic interviews (Labov,
1981, 1984) using neck-worn condenser cardioid microphones (model Beyerdynamic TGH54C). Narratives of personal experience were elicited on a variety of topics, including
pastimes, family members, hobbies, fears, and brushes with death (see also Meyerhoff, Schleef,
& Mackenzie, 2015). The structure of the interview was influenced by the Q-GEN-II, a
15

Detailed definitions can be found here: https://www.bls.gov/soc/soc_2010_definitions.pdf
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sociolinguistic interview guide which organizes questions into modules related to a given topic
and structures questions to range from (1) basic demographic information, friends, and family
to; (2) intimate topics, such as local crime, fears, and dreams; (3) personal impressions of their
social reality, such as public transportation and the local school system; and (4) to language—
who sounds different in Philadelphia, how their use of language has been the object of
criticism, their linguistic attitudes, etc. (Labov, 1984). The goal of the sociolinguistic interview
is to minimize the Observer’s Paradox, wherein participants pay extra attention to their
speech when being observed. In this interview style, the interviewer encourages the
interviewee to speak, navigating the conversation according to the interviewee’s interests.
Doing so places the interviewee in control, in a sense, and allows them the comfort to center
the conversation on topics they wish to discuss. In doing so, they focus less on the fact that
there is a microphone nearby and more on the details of the narratives themselves, increasing
the likelihood that their recorded speech represents their vernacular—the variety spoken
when in a familiar, informal setting and when unmonitored.
Read speech: Elicitation via OpenSesame
After recording personal narratives, participants read a series of words on a computer screen;
they were recorded using the same microphone as in the sociolinguistic interview
(Beyerdynamic TG-H54C). For each of the three variables, 50 stimuli were selected; of these,
25 were in contexts favorable for the novel variant and 25 were in other contexts. In the case
of /ɔ/, where lowering occurs in all phonetic contexts, 25 stimuli had /ɔ/ as the stressed vowel
and 25 had /ɑ/, which was used as a reference vowel (see Appendix B for a complete list of
stimuli). Additionally, 50 filler stimuli were included, which contained stressed vowels other
than those under investigation. Using the CLEARPOND database (Marian, Bartolotti, Chabal,
& Shook, 2012), Stimuli were controlled by variant per variable for orthographic length,
phonological length, lexical frequency (per million), orthographic neighborhood density
(OND), and phonological neighborhood density (PND); Table 3.3 lists the mean values and
standard deviations for each variable and context.
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Table 3.3. Characteristics of read speech stimuli
(SDs are italicized)
Variable

Context
Favorable

Ey-Raising
Other

Canadian
Raising

CAUGHT
- COT

Filler

Favorable
Other
/ɔ/
/ɑ/
Filler

Ortho
Length
6.48
1.42
6.8
1.66
5.96
1.54
5.48
1.26
5.6
1.29
5.36
1.32
7.18
1.57

Phono
Length
5.16
1.31
5.72
1.57
4.4
1.08
4.4
1.19
4.28
0.94
4.56
0.77
5.82
1.84

Frequency
OND PND
per million
8.34
6.52
5.92
1.43
5.51
4.57
8.76
6.40
7.16
1.53
5.92
5.81
8.07
5.16 14.92
2.06
3.57 12.51
8.18
14.8
7.04
2.06
3.76 12.36
8.47
9.00
4.08
6.08
6.71
3.74
8.82
9.04
3.92
4.99
5.15
4.07
7.04
4.42
2.38
0.59
4.48
1.93

N
25
25
25
25
25
25
50

To check for differences between multiple variants, a multiple analysis of variance
(MANOVA) was run on ordered quintuplets of these dimensions by variable, variant, and
their interaction. There were main effects of Variable (Pillai = 0.41, F(15, 573), p < .001) and
Variant (Pillai = 0.07, F(5, 189), p < .05), reflecting that the variables may differ from one
another in one or more of the five characteristics, and that one variant may differ from the
other in one of these characteristics in aggregate. However, the model returned no significant
interaction between variable and variant (Pillai = 0.02, F(10, 380) = 0.49, p > .05), which
suggests that for each variable, the stimuli in each variant group were controlled for these
characteristics—as desired.
All stimuli were presented using OpenSesame, an open-source program for experiment
building based in Python (Mathôt, Schreij, & Theeuwes, 2012). All stimuli were presented in
random order; they were not blocked by variable. Participants were shown a word, asked to
read it aloud, and then pressed the space bar to advance to the next word; they were given a
break after every 50 words.
Transcription and coding
Conversational speech
Conversational data from the sociolinguistic interviews were transcribed in ELAN (Sloetjes &
Wittenburg, 2008), beginning approximately halfway through the recordings at the start of a
new topic. Approximately 10-12 minutes of speech were transcribed, stopping when a topic
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naturally ended. The transcription process consisted of three phases. The first phase involved
listening to the recording and using prosodic breaks to separate the running speech into
intonation units using the Segmentation Mode feature in ELAN. Intonation units are lengths
of speech uttered under the same intonational contour; thus, they can be seen as discourse
analogues to prosodic phrases (Du Bois, Schuetze-Coburn, Cumming, & Paolino, 1993, pp.
46–47). Next, each interval was annotated utilizing ELAN’s Annotation Mode feature,
following the discourse-based transcription guidelines outlined in Du Bois et al. (1993). Finally,
the transcriptions were checked for accuracy and manual adjustments/corrections were made
when necessary.
Read speech
Read speech data were recorded word-by-word, and each stimulus was named in accordance
with the phonological variable, surrounding context, lexeme, and presentation order. For
example, file ‘EyRaise_Novel_drain_Num398’ corresponds to the word drain, which contains
/eɪ/ in a favorable environment for raising (i.e., a closed syllable) and was the 399th item seen
overall16. Each participant’s recordings were then coded for accuracy using a combination of
PRAAT scripts and audiovisual examination. Only stimuli where the target word was correctly
spoken were retained; errors due to mistiming in the pressing of the space bar to end the
recording, or failure to successfully read the word were coded as incorrect, and stimuli which
had background noise or other disruptions were excluded. Given the distribution of stimuli, a
given participant could have a maximum of 100 tokens of each phonological variable (two
repetitions of 25 words in favorable contexts and 25 words in disfavorable contexts17).
Correct stimuli were isolated and placed in a separate folder for analysis. Another PRAAT
script was used to concatenate all stimuli within a given block and save the concatenated file,
preserving onset and offset of the recording. These concatenated files were then passed to
FAVE for forced alignment (see below).
Isolating tokens of the vowel targets
Forced Alignment and Vowel Extraction (FAVE)
FAVE (Forced Alignment and Vowel Extraction; Rosenfelder et al., 2014) is a program suite
composed of two complementary components. FAVE-align segments an acoustic signal into
words and phonemes on the basis of a time-stamped transcription (forced alignment). Then,
FAVE-extract takes that segmentation and extracts raw and normalized formant values for all
vowels the model identified (vowel extraction). FAVE’s alignment algorithm is based on the
Penn Forced Aligner (Yuan & Liberman, 2008), but it has been modified to better handle
conversational speech with background noise and multiple talkers. Underlying FAVE-align
are speech models built from HTK (the Hidden Markov Toolkit; Young, 1994), a software
toolkit that employs Hidden Markov Models to recognize speech and patterns in data. These
are combined with the Carnegie Mellon University (CMU) Pronouncing Dictionary to
generate speech models. Fitting these models to acoustic data is most accurate when chunks
16
17

OpenSesame is written in Python, which uses zero-based numbering.
For /ɔ/, “disfavorable context” was replaced with the reference vowel /ɑ/.
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of speech are relatively small (and thus the amount of segmentation per unit is reduced)—
around 1-3 seconds. Fortunately, breath groups in conversational speech roughly correspond
to these criteria, making FAVE an extremely powerful tool for segmenting large quantities of
acoustic data. Importantly, the model can also ignore unknown words (e.g., foreign language
items, truncated speech), adding to its utility. The result of FAVE-align is a two-tiered PRAAT
TextGrid object with a word tier, where each word that was identified is indicated (silences or
uncertain segments are marked with sp) and a phone tier, where phonemes are indicated in the
ARPABET format18.
Once FAVE-align segments the audio signal into words and phonemes, FAVE-extract
identifies all vowels in the segmented file. The point of measurement varies by vowel in order
to account for the centroid of the vowel. For example, formants for /eɪ/ and /aɪ/ are extracted
at the maximum F1 point during the vowel, and /ɔ/ and /ɑ/ are measured at the 1/3 point in
the vowel (see Labov et al., 2013, sec. 5, for more detailed information). Raw formant
frequencies are selected using a multidimensional analogue of the z-score (Mahalanobis
Distance) comparing several extracted values to the corresponding values in the Atlas of North
American English; the values with the smallest distance are selected. Then, the speakers’
formant values are Lobanov normalized (effectively, z-scored; cf. Adank, Smits, & van Hout,
2004) and rescaled to normalized Hertz values such that F1 has a mean of 650 Hz and standard
deviation of 150 Hz and F2 has a mean of 1700 Hz and a standard deviation of 420 Hz (Labov
et al., 2013).
The accuracy and validity of FAVE’s algorithm has been well established, particularly in work
on Philadelphia English (cf. George Bailey, 2016; Labov et al., 2013; Mackenzie & Turton,
2013). Nonetheless, FAVE’s accuracy was checked by manually segmenting a randomized
subset of up to 25 tokens of each target vowel for each speaker’s conversational recording.
For this sample dataset, average temporal offset relative to FAVE and alignment error rate
were calculated—both in aggregate and for each target vowel (see Table 3.4). Additionally,
average spectral offsets in F1 and F2 were calculated relative to the formant frequencies
obtained from manually-checked temporal boundaries and FAVE-aligned boundaries in
PRAAT (see Table 3.5 and Figure 3.3). The average aggregate temporal offset was 10.5 ms
and the aggregate error rate was 2.56%. Temporal displacement aside, it is important to note
that the average spectral displacement—which is what is of interest in the current study—was
miniscule: 11.24 Hz in F1 and 28.17 Hz in F2.
Table 3.4 FAVE alignment accuracy and temporal offset
Vowel
/aɪ/
/eɪ/
/ɔ/

18

Number of
Errors
31
17
19

Total
919
884
837

Error
Rate
3.37%
1.92%
2.27%

Mean
Offset (ms)
14.32
8.61
8.61

SE
(ms)
1.50
1.16
1.08

More information about the CMU Pronouncing Dictionary and its conventions can be found at:
http://www.speech.cs.cmu.edu/cgi-bin/cmudict
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Vowel
/aɪ/
/eɪ/
/ɔ/

Table 3.5 FAVE spectral offset of extracted vowels
Mean F1
SE
Mean F2
Difference (Hz)
(Hz)
Difference (Hz)
12.05
0.40
28.82
12.65
0.43
31.23
8.02
0.28
22.96

SE
(Hz)
4.03
3.83
4.32

Figure 3.3 FAVE spectral offset (Hz)
(dot-dashed lines=FAVE; solid lines=manual checking)

Figure 3.3 overlays the 95% confidence regions in F1xF2 space for measures taken from handcorrected boundaries (solid lines) with those from FAVE-aligned boundaries (dot-dashed
lines). As is apparent, the difference is negligible. The results from the randomized sample,
consistent with those of previous research, indicated that FAVE’s alignment and extraction
algorithms were sufficiently accurate to warrant their use on the full dataset.
Coding context and integrating sociodemographic information
In order to classify the extracted vowels in the conversational data by variable and surrounding
context, the data were subset in R to include only stressed tokens of the vowels of interest
(/eɪ/, /aɪ/, /ɔ/, /ɑ/). Next, a list of unique words containing those stimuli was exported and
hand-coded by vowel and phonetic context in a .csv document. For Canadian Raising, the
favorable context is preceding a voiceless coda (denoted /aɪ0/; /aɪV/ indicates a voiced or
absent coda). In the case of /ɔ/ lowering, the vowel /ɑ/ is a reference vowel used to evaluate
the relative height of /ɔ/ and the likelihood that /ɑ/ and /ɔ/ overlap spectrally (the low back, or
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merger; Labov et al., 2005). Tokens that did not correspond to the correct
phonological variable or were included in the list in error were marked for exclusion. The
coded list was then reimported and merged with the data.
For the read speech data, context was included as part of the filename; this was retained and
utilized to create columns for variable and phonetic context. For the /ɔ/-/ɑ/ data, there was an
inconsistency between CPSAMPA (the convention in CLEARPOND, used to select and
balance the stimuli; Marian et al., 2012) and the CMU Pronouncing Dictionary (used to align
the recorded speech) in the transcription of three targets (‘sorrow’, ‘auction’, ‘cough’), so these
were excluded from the analysis.
For the read and conversational speech, a column called Style was created and populated with
“Read” or “Conversational” as it corresponded before the two datasets were combined using
the rbind.fill() function in R. These data were then merged with relevant sociodemographic
data (e.g., Year of Birth, Sex, Occupation Group) by speaker to arrive at the final dataset. Table
3.4 illustrates the final token counts by variable, context, style, and speaker sex (N = 28,195).
Table 3.4. Token counts by variable, phonetic context, sex, and speech style
(F = favorable context; D = disfavorable context)
Ey-Raising
Speech Style
Conversation
Read

Sex
F: /eɪC/ D: /eɪσ/
Male
242
409
Female
1,089
1,807
Male
466
465
Female
885
853
Total
2,682
3,534

Canadian
/ɔ/-Lowering
Raising
F: /aɪ0/ D: /aɪV/
/ɔ/
/ɑ/ Total
570
1,139
467
706 3,533
2,657
5,871 1,824 3,341 16,589
482
440
429
491 2,773
926
851
797
988 5,300
4,635
8,301 3,517 5,526 28,195

Analysis
Determining the dimensions of variation
To maintain consistency with recent work on Philadelphia sound change, metrics were taken
from Labov et al.’s (2013) study examining sound change over the last century in Philadelphia’s
white population. In most cases, these are identical to previous investigations of the same
variables (e.g., Fruehwald, 2013, 2017, Labov, 1994, 2001, 2010; Prichard & Tamminga, 2012;
Wagner, 2013). However, in some cases they differ. In particular, the variable /eɪ/ has been
evaluated in terms of F1 (vowel height) and F2 (vowel frontness) independently (e.g., Conn,
2005; Labov, 2001, p. 170), but it has more recently been evaluated using a single metric
approximating the position along the front diagonal of the vowel space (effectively, a twodimensional measure; see Labov, 2014; Labov et al., 2013). In the current study, the twodimensional measure, F2-2*F1, is used. When necessary for the sake of comparison, footnotes
will expound on analyses in each dimension separately. For /aɪ/, the primary dimension of
variation is vowel height, although backing has also been reported in some subgroups of
Philadelphia (e.g., girls with Irish relative to Italian heritage, Wagner, 2013, p. 370) and in
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communities elsewhere (Eckert, 2000). Since this is not described for the majority of
Philadelphia and is not the representative dimension of the change in-progress across the
continent, F1 will be used. Similarly, though /ɔ/ lowers and fronts, the key dimension of
variation is vowel height. This is because the vowel had previously raised to the point of /u/
before beginning a process of lowering in younger, educated speakers in Philadelphia.
Visual inspection, smoothing, and pairwise significance tests
All data visualizations are conducted using the ggplot2 package in R (R Core Team, 2017;
Wickham, 2009). Summarized data are always indicated by point ranges or error bars, where
the length of the bars are calculated by nonparametric bootstrapping with 1000 resamples
using the smean.cl.boot() function in the Hmisc package (Harrell Jr., 2016). This function was
also used to calculate all confidence intervals reported in the text. Nonparametric
bootstrapping is more robust than plotting the mean plus or minus some multiple of the
standard error, and it crucially does not assume normality of the data (DiCiccio & Efron, 1996;
Van Den Noortgate & Onghena, 2005).
Pairwise comparisons were conducted using Wilcoxon rank-sum tests when possible. When
ties or other characteristics of the data did not permit the Wilcoxon test, a standard t-test was
used. Paired tests were used when appropriate.
Visual examinations of the data by year of birth make use of generalized additive smooths to
approximate nonlinear trends in language production in apparent time. A smooth function
(or simply a ‘smooth,’ in generalized additive model parlance) is a function that is infinitely
differentiable (and thus continuous) everywhere in its domain. Some common examples of
smooth functions include polynomials (lines, quadratics, cubics, etc.), exponentials,
trigonometric functions, and logarithms. In the case of plotting trends in a given dataset, a
smooth function approximates the relationships among data points while still being
mathematically tractable. A generalized additive smooth is a combination of smooth functions
that provides the closest fit to the data given the parameters assigned. For the apparent time
plots in this thesis, all generalized additive smooths are permitted up to three knots (roughly
equivalent to turning points), which enable the functions to capture simple nonlinear trends
without sacrificing generalizability due to overfitting.
Generalized Additive Mixed Models (GAMMs)
The generalized additive smooths used in data visualization are themselves a result of
generalized additive modeling (cf. Fruehwald, 2017; Winter & Wieling, 2016; Wood, 2017),
which was used to test for statistical significance in the apparent time data as well. Rather than
assume a linear relationship between the dependent and independent variables, as is the case
in linear regression (including its mixed effects analogues), generalized additive models fit a
series of smooth functions to the dependent variable to account for a variety of patterns that
may exist between the two. In the same way that generalized linear models extend linear
models to nonlinear data (e.g., binomial data), generalized additive models extend generalized
linear models to account for a range of possible relationships. While generalized linear models
apply a single transformation to the entire dataset (e.g., a logistic transform), generalized
additive models partition the dependent variable and assign a variety of smooth functions to
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each partition. Using maximum likelihood (ML) or restricted estimated maximum likelihood
(REML), the model selects the function or combination of functions that minimizes residual
error for each partition. Random effects can be included, just as with linear mixed effects
models; such models are then called generalized additive mixed models, or GAMMs. This
allows the model to provide a much better fit to the data, but this flexibility comes with a cost.
Because GAMs are so flexible, they have a high risk of overfitting (i.e., modeling the data too
well to permit any generalizability beyond the dataset). In order to ensure that the model isn’t
over-specified, a combination of diagnostic tests and visual examination is critical. Each
model’s adjusted R2, which indicates approximately how much variance is accounted for, was
used as a model diagnostic. For the current analysis, an adjusted R2 value near 0.5 was desirable,
because this would indicate that the model accounts for approximately half of the variance in
the dataset. Such a model should adequately describe key patterns in the data without also
attempting to describe idiosyncrasies or spurious trends in the data.
In the following GAMM analyses, penalized thin-plate regression splines were used as
smooth functions to approximate the data by birth year (Duchon, 1977, pp. 97–98; Fruehwald,
2017; Wood, 2003). Thin-plate splines are a special class of radial basis functions—functions
where the output depends exclusively on the input’s position relative to a user-defined origin.
In the case of thin-plate splines, the radial basis function is given by Equation 3.1, where r
indicates the distance from the origin and ln() indicates the natural logarithm (base e).
𝐓𝐡𝐢𝐧 − 𝐩𝐥𝐚𝐭𝐞 𝐬𝐩𝐥𝐢𝐧𝐞: 𝜙(𝑟) = 𝑟2 ln(𝑟)

(3.1)

Thin-plate splines work by building a summation of several approximating functions with
different points of origin and are weighted by linear least square estimates. The mathematics
behind their calculation lie outside the purview of the current study, but it is worthwhile to
note that penalized versions used are computationally tractable, reliable, and are supported by
standard diagnostic criteria (e.g., Akaike Information Criterion, Generalized Cross Validation;
cf. Wood, 2003).
Pillai scores as indices of merger or maintenance
The /ɔ/ vowel is reported to be undergoing reversal in Philadelphia, lowering in younger
speakers to avoid stigmatization (Labov et al., 2013; Prichard & Tamminga, 2012). However,
it has been claimed that this process does not concomitantly introduce a merger of /ɔ/ with
/ɑ/, which is a rapidly advancing change in-progress across the United States (the CAUGHTCOT merger; cf. Labov et al., 2005). To see if this is true with the Puerto Rican population, a
metric indicating degree of spectral overlap was necessary. One such measure is the Pillai
score, which is derived from multiple analysis of variance (MANOVA) on ordered pairs of
F1 (vowel height) and F2 (vowel frontness; cf. Babel, McAuliffe, & Haber, 2013; Berry &
Ernestus, 2017; Hay, Warren, & Drager, 2006; Labov et al., 2016; Nycz & Hall-Lew, 2013).
These ordered pairs are predicted by the vowel label, allowing the model to indicate the degree
to which the vowel label accounts for the vowel’s position in F1xF2 space.
The Pillai score (Babel et al., 2013; Berry & Ernestus, 2017; Labov et al., 2016; Nycz & HallLew, 2013; Olson, 1976; Pillai, 1954, 1955), also known as Pillai’s criterion or the Pillai-Bartlett
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trace, is a standard output from MANOVA that measures how well the independent variables
explain the dependent variable. This value, based on the product of the model fit and model
error variance matrices, is the summation of each of this product’s p eigenvalues divided by its
value plus one (see Equation 3.2).
𝑝

𝐏𝐢𝐥𝐥𝐚𝐢 𝐒𝐜𝐨𝐫𝐞: ∑
𝑖=1

λ𝑖
1 + λ𝑖

(3.2)

In this case, Vowel Category is the only independent variable, p = 1, and the Pillai score ranges
from zero to one19. Scores close to zero indicate that the vowel category label accounts for
very little variance in F1 and F2 in the data, and thus imply that the categories are strongly
merged. Conversely, scores close to one indicate that the vowel category label strongly explains
the observed variance in F1 and F2, and hence provide evidence that the two categories do
not overlap. In other words, the Pillai score can be interpreted as an approximation to the
degree of separation between two vowels in F1xF2 space. Importantly, the Pillai score is a
conservative measure relative to other common MANOVA outputs, and it is quite robust to
imbalanced data and violations of MANOVA assumptions (Olson, 1976). Hardiness of the
Pillai score notwithstanding, any speaker with fewer than 20 tokens of /ɔ/ and /ɑ/ in either
speech style was excluded from the Pillai analysis for that style.
Chapter summary
Summary of data
Speech from 37 Puerto Ricans (26 F), ranging in age from 19 to 63 (x̄ = 36.54 years; s = 13.24
years), were included in the current dataset. Conversational data came from narratives of
personal experience following guidelines for the sociolinguistic interview (Labov, 1981), and
read speech data involved elicited production of isolated words that were carefully controlled
by context for each variable for orthographic and phonological length, lexical frequency, and
orthographic and phonological neighborhood density. Using forced alignment and the vowel
normalization procedures available in FAVE (Rosenfelder et al., 2014), over 28,000 tokens of
stressed vowel tokens of the variables of interest were extracted (Conversational n = 20,141;
Read n = 8,073).
Summary of analyses
Pairwise tests of significance were conducted with Wilcoxon tests where appropriate; t-tests
were used when these were limited by ties in the dataset. Confidence intervals in all figures
and tables were calculated using nonparametric bootstrapping.

19

Nota Bene: All eigenvalues must be strictly positive since the Pillai score is based on products of positive
definite matrices. In this case, p = 1, so we have 0 < 𝜆/(1 + 𝜆) < 1.
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For each variable, relevant factors were analyzed using generalized additive mixed models
(GAMMs), which enable a close fit to time-series data, but risk overfitting. So as not to
sacrifice generalizability of the results, several precautions were taken. First, an adjusted R2 of
approximately 0.50 was desired, so that the model did not account for an unreasonable amount
of variation in the dataset20. Second, the number of knots in each smooth function (penalized
thin-plate smoothing spline) was fixed at three to enable the detection of basic curvilinear
trends. Finally, second-order penalties were applied, which disfavor excessive curvature in the
resultant smooth function.
In the case of /ɔ/, Pillai scores were used to explore the vowel’s spectral relationship to /ɑ/.
While /ɑ/ has not to my knowledge been documented to be undergoing change in-progress in
Philadelphia, the merger of /ɔ/ and /ɑ/ (the low back merger or COT-CAUGHT merger) is
ongoing in much of the United States, and it is conceivable that Puerto Ricans may participate
even if white speakers in Philadelphia apparently do not. While the Pillai score is robust to
imbalanced data, as a safeguard the data from speakers with fewer than 20 tokens of /ɔ/ and
/ɑ/ in a given speech style were not included in the Pillai analysis.
Summary of hypotheses
If Puerto Ricans adopt white patterns of speech, then we would expect social stratification of
Ey-Raising, but no stylistic stratification. Women should lead this change, with men adopting
it approximately a generation later. For Canadian Raising, there should be both social and
stylistic stratification, but men should lead this change. Finally, there should be evidence that
older speakers have raised, but younger speakers have lowered their production of /ɔ/. If
Puerto Ricans adopt black patterns of speech, we would expect a slight trend toward adopting
EY-Raising, but social stratification should be delayed by approximately a generation—if it
can be detected at all. In the case of Canadian Raising, we would expect divergent patterns
from whites in those born after 1950. For /ɔ/, we would expect linear incrementation in vowel
height in those born after approximately 1950. Table 3.5, copied from Chapter 1, illustrates
the target variables and hypotheses, which are based on white patterns of speech.
Table 3.5 Summary of changes-in-progress for white Philadelphians
Variable
Class
Age effect
(change-in-progress?)
Reversal?
Social Stratification
Stylistic Stratification
Gender Effect

20

EY-Raising
Indicator
Linear
(Positive)
No
Yes
No
Yes (Female)

Canadian Raising
Marker
Linear
(Positive)
No
Yes
Yes
Yes (Male)

/ɔ/ Lowering
Stereotype
Curvilinear
(Neg. Curvature)
Yes
Yes (Education)
Yes
Yes (Female)

Linguistic data are almost always noisy because people are complicated and, unlike carts on tracks or carefully
isolated chemical interactions, language is inherently variable and unyielding to efforts to make it otherwise.
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Chapter 4
Crossing the threshold: Puerto Rican production patterns

P

uerto Ricans represent at once a minority population embedded in a majority
speech community and a situation of interethnic contact with African Americans,
providing a unique testing ground for investigating the outcomes of language
contact. Complete adoption of the target sound changes in-progress in the current
study, which are derived from white patterns of speech in Philadelphia (cf. Labov, 2014; Labov
et al., 2013), would require Puerto Ricans both to produce the raised variants of /eɪ/ and /aɪ/
in favorable phonetic contexts and to lower /ɔ/, and, more importantly, to maintain the
intricate social and stylistic conditioning factors for these variables—many of which are not
socially salient nor commented on overtly. Additionally, usage of the novel variant should
increase in apparent time as the variable is transmitted from older to younger speakers and the
change advances (cf. Labov, 2007)21.
Avoidance of the novel variants for the target variables would align the speech of the Puerto
Rican population with blacks in Philadelphia, who generally have not participated in these
changes in-progress (Labov, 2014). Deviations from expected patterns with respect to white
Philadelphia may indicate that Puerto Ricans have reallocated a given variable within their
community for a specific indexical purpose (e.g., Wagner, 2013), or that some of these intricate
conditioning factors are opaque to the minority variety. In the latter case, the variable can be
said to have diffused from the majority white population to the Puerto Rican speakers, much
as has been the case with the diffusion of the short-a pattern in New York City to other
Northern Cities (Labov, 2007).
In the previous chapter, conditioning factors for the three target sound changes-in-progress
were outlined; these are summarized in Table 1.1 and again in Table 3.5; it is copied below as
Table 4.1 for convenience:
Table 4.1 Summary of changes-in-progress for white Philadelphians
Variable
Class
Age effect
(change-in-progress?)
Reversal?
Social Stratification
Stylistic Stratification
Gender Effect
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Ey-Raising
Indicator
Linear
(Positive)
No
Yes
No
Yes (Female)

Canadian Raising
Marker
Linear
(Positive)
No
Yes
Yes
Yes (Male)

/ɔ/ Lowering
Stereotype
Curvilinear
(Neg. Curvature)
Yes
Yes (Education)
Yes
Yes (Female)

By “transmission,” I refer to the mechanism by which linguistic variation is passed incrementally from one
generation to the next. By “diffusion,” I refer to how patterns of variation are spread from adult to adult,
occasionally leading to changes in the conditioning factors of the variable (see Labov, 2007).
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Usage patterns of Philadelphia Puerto Ricans in apparent time
All data presented in the following sections come from hour-long sociolinguistic interviews
(cf. Labov, 1984) between the author and a Philadelphia Puerto Rican, recorded in North and
Northeast Philadelphia in Spring 2017. These data were transcribed, coded, and analyzed in
accordance with the procedures outlined in Chapter 3. Approximately 10-15 minutes of speech
were transcribed, beginning at the start of a new topic near the middle of the interview and
ending when a discourse topic had finished.
The transcriptions were force-aligned using FAVE (Rosenfelder et al., 2014). Forced
alignment is a process by which a computer algorithm, which has been trained on pre-existing,
hand-coded data, uses probabilistic modeling to segment an audio signal into words and
phonemes based on a time-stamped transcription (see also Chapter 3). The validity of FAVE
was confirmed by manually checking a random subsample of 25 tokens of each variable per
speaker and noting the average offset. Stressed tokens of the variables of interest were then
extracted. Favorable vs. disfavorable phonetic contexts were manually coded by word in this
subset of the data. Acoustic correlates for each variable’s dimension of variation were taken
directly from previous work by Labov et al. (e.g., 2013) to ensure comparability across the
data. For Ey-Raising, this was the position on the front diagonal, which was calculated by
subtracting twice the first formant from the second formant (F2-2×F1). For both Canadian
Raising and /ɔ/ lowering, the value of the first formant, which corresponds to vowel height,
was used (Labov, 1994, p. 64; Labov et al., 2013).
Table 4.2, copied from Chapter 3, summarizes token counts by variable, phonetic context,
speech style, and speaker sex. For Ey-Raising, the favorable context is vowels in closed
syllables (also denoted /eɪC/), and the disfavorable context is the vowel in open syllables
(denoted /eɪσ/). For Canadian Raising, the favorable context is preceding a voiceless coda
(denoted /aɪ0/; /aɪV/ indicates a voiced or absent coda). In the case of /ɔ/ lowering, the vowel
/ɑ/ is a reference vowel used to evaluate the relative height of /ɔ/ and the likelihood that /ɑ/
and /ɔ/ overlap spectrally (the low back, or COT-CAUGHT, merger; Labov et al., 2005).
Additionally, Tables 4.3 and 4.4 (also copied from the previous chapter) show distributions of
speakers by sex, age, and occupation group.
Table 4.2. Token counts by variable, phonetic context, sex, and speech style
(F = favorable context; D = disfavorable context)
Ey-Raising
Speech Style
Conversation
Read

Sex
F: /eɪC/ D: /eɪσ/
Male
242
409
Female
1,089
1,807
Male
466
465
Female
885
853
Total
2,682
3,534

Canadian
/ɔ/-Lowering
Raising
F: /aɪ0/ D: /aɪV/
/ɔ/
/ɑ/ Total
570
1,139
467
706 3,533
2,657
5,871 1,824 3,341 16,589
482
440
429
491 2,773
926
851
797
988 5,300
4,635
8,301 3,517 5,526 28,195
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Table 4.3. Speaker distribution by sex and age group
Year of Birth
Sex
Female
Male
Total

≤ 1985
18
5
23

> 1985
8
6
14

Total
26
11
37

Table 4.4. Speaker distribution by sex and occupation group
Sex
Female
Male

Unemployed
9
4
13

Occupation Group
Production Service Professional
2
7
3
2
3
2
4
10
5

Helper/Aide
2
0
2

Student
3
0
3

Each of the three variables will be considered in turn, but the order in which factors
influencing their production are discussed will vary. The temptation toward a neat and tidy
approach involving parallelism in the exposition notwithstanding, a higher priority is narrative
and logical ordering of the exposition. While at first blush this may appear confusing, the
rationale for the change in discussion order by variable should become clear upon reading.
Transmission and diffusion of /eɪ/ raising
In general, Puerto Ricans have adopted Ey-Raising in conversational speech. When data are
analyzed in apparent time by speaker sex (see Figure 4.122), it becomes clear that Puerto Rican
females have employed the variable and maintained approximately the same degree of
separation between favorable and disfavorable contexts as far back as data are available
(Marilyn [S16], born in 1954). Despite the apparent constancy of the distinction between /eɪC/
and /eɪσ/, the vowel raises and fronts as does year of birth for females. The pattern for men
appears similar, if slightly delayed relative to females. However, the lack of data for male
speakers born before 1965 and the overall lower number of men in the data limits the
generalizability of this claim.

22

All apparent time smooths were generated by fitting a generalized additive model with three knots to the
dataset using the stat_smooth function in R (formula=y~s(x, k=3)). Selecting k=3 accounts for simple curvilinear
relationships that might be present without overfitting the smooth and limiting its generalizability or the
interpretation of the results (see Chapter 3 for more information on this class of models).
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Figure 4.1. /eɪ/ raising by birth year and speaker sex (conversational speech)
(n = 3,559)

To investigate these visual trends, a generalized additive mixed model (GAMM) was fit using
the gamm function in the mgcv package in R to the conversational data (Wood, 2017)23. The
model had fixed predictors of Speaker Sex, Surrounding Context, and their interaction (see
Tables 4.5a-b). In addition, random smooths were added for Birth Year (centered, to represent
trends across the dataset rather than relative to the oldest speakers)—split by Sex and
Context24. Finally, smooths for speaker and word were added as random effects25. The model,
which represented a reasonable fit to the data (Adjusted R2 = 0.46) found that the addition of
smooths by birth year for the male group did not improve the model (all Fs = 0, ps > .05).
However, the random smooth for females in disfavorable (F(1.52, 2) = 158.18; p < .05) and
favorable contexts (F(1.07, 2) = 272.26; p < .001) significantly improved the deviance of the
model, and the fixed effect of phonetic context trended toward significance at α = 0.05 (t =
23

See also recent work by Fruehwald (2017) employing gamms to investigate generational and lifetime changes
in Philadelphia’s phonology.
24
Penalized thin plate regression splines with 3 knots were used, and second order penalties were applied (cf.
Wood, 2003). Selecting 3 knots allows for rudimentary curvilinear relationships without sacrificing
generalizability, and penalties based on the second derivative discourage excessive curvature.
25
In R, the corresponding model formula is: gamm(F2 − 2(F1)~ Sex ∗ Context + s(BirthYearC, by =
interaction(Sex, Context), k = 3, m = 2, bs = ′ts′ ) + s(Speaker, bs = ′re′ ) + s(Word, bs =
′ re′ ), data = data). Here, BirthYearC corresponds to centered birth year.
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1.94; p = 0.053). In other words, trends by birth year are significant for females, but the same
cannot be said for males. Additionally, when taking into account variation by birth year and
sex, there is a trend toward an effect of Surrounding Context—suggesting that Puerto Ricans
are in aggregate approximating the distinction between lowered and raised variants in their
corresponding contexts.
Table 4.5a Parametric coefficients of GAMM for /eɪ/ in conversational speech
Predictor
Intercept
Speaker Sex
Favorable Context
Speaker Sex : Favorable Context

β-Estimate
956.94
4.05
59.59
-17.86

SE
23.64
12.28
30.79
11.17

t-value
40.48
0.33
1.94
-1.60

p-value
< .001
0.74
0.05
0.11

Table 4.5b Smooth terms for GAMM for /eɪ/ in conversational speech
Smooth Term
Birth Year: Female : Disfavorable
Birth Year : Male : Disfavorable
Birth Year : Female : Favorable
Birth Year : Male : Favorable
Speaker
Word

Estimated df Est. Res. df F-value p-value
1.52
2.00
158.18
0.03
0.00
2.00
0.00
~1
1.07
2.00
272.26 < .001
0.00
2.00
0.00
0.70
24.81
34.00
42.83 < .001
218.80
309.00
10.47 < .001
n = 3,559; Adjusted R2 = 0.46

Figure 4.2 shows average values along the front diagonal by speech style and phonetic context;
error bars indicate 95% confidence intervals, calculated by nonparametric bootstrapping.
Despite being a variable without overt social commentary, Puerto Ricans exhibit the changein-progress in conversational speech (95% CI for favorable contexts: [987.96, 1021.60]; 95%
CI for disfavorable contexts: [900.34, 923.57]). The values for the front diagonal reported for
white speakers range from approximately 800 to 1000 (Labov et al., 2013, p. 40), and most
Puerto Ricans fall within this range, indicating that their vowels are similar to those of white
Philadelphians.
In contrast to the conversational data, the read speech data show no Ey-Raising. A similar
finding obtains for the recordings of Carol Myers (Hindle, 1980, cited in Labov, 2001, pp.
438–445), a Philadelphian recorded over the span of an entire day in the compilation of the
project on Linguistic Change and Variation. Meyers was recorded in her office, where she
worked as a travel agent, while at home speaking with her husband, and during a bridge game
with close friends. The raised variant was present in the bridge game, but not when speaking
in the office (Hindle, 1980, cited in Labov, 2001, pp. 438–445). The lack of raising in formal
style suggests an absence of style shifting, which provides evidence that the variable is not
under the conscious control of the speakers and is not assigned a social valuation at the
community level—all of which are characteristic of sociolinguistic indicators (Labov, 1994,
pp. 77–78).
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Figure 4.2. /eɪ/ raising by speech style
(n = 6,228)

An examination of the data by socioeconomic status (approximated by occupation group26)
echoes another common principle of language change: interior social groups tend to be the
most extreme in their use of emergent sound changes (see Labov, 2001, p. 171, for a similar
finding for this variable in white speakers). In the current case (see Figure 4.3), those with
service occupations (e.g., bus drivers, cooks, retail; n = 10) lead both in overall height of /eɪC/
and in degree of distinction between favorable and disfavorable contexts27. Peripheral
occupation groups, such as those with production occupations (e.g., vehicle inspector,
construction worker; n = 4) and professional occupations (e.g., administrator; n = 5), who
nonetheless show a raised variant in favorable contexts relative to the grand mean, have a
vowel that is lower than that of the interior group.

26

Groups excluded in the SES analyses: Students (n = 4); Helpers/Home Health Aides (n = 2). This was due to
low N and to the fact that only females in the current dataset had these occupations, making comparisons by sex
and occupation group impossible (see Chapter 3).
27
The same pattern holds when F1 and F2 are considered separately.
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Figure 4.3. /eɪ/ raising by socioeconomic status (conversational speech)
(n = 2,512)

Token counts by Occupation Group and Context: Unemployed (nD = 439; Favorable nF = 246); Production
(nD = 162 nF = 106); Service (nD = 557; nF = 286); Professional (nD = 422; nF = 294)

A distinguishing feature between the two peripheral groups is in the disfavorable context:
those with production occupations make a distinction between favorable and disfavorable
contexts, but those with professional occupations do not. Rather, those with professional
occupations have a raised vowel in disfavorable contexts as well as in favorable contexts.
Puerto Ricans who are unemployed (n = 13)—the largest subgroup—show the lowest values
of /eɪ/ overall. Lack of employment and reliance on limited government aid for subsistence
inhibits one’s ability to travel (to Center City or the surrounding area), which, combined with
the staggering geodemographic segregation in Philadelphia (e.g., Massey & Denton, 1993),
may consequently minimize exposure to white speech. Ergo, it is likely that unemployed
Puerto Ricans receive scant exposure to this variable. Moreover, only half of the unemployed
Puerto Ricans in the dataset (n = 6) report enjoying going downtown to begin with (not
including the Museum District, which is adjacent), which might suggest an orientation toward
blacks and Puerto Ricans closer to their neighborhood blocks. It seems probable that the bulk
of their exposure to the variable lies in their interactions with Puerto Rican friends who spend
more time around whites than they do (see also Celeste, a central figure in a loosely connected
social network who shows the highest rate of Ey raising; Labov, 2001, p. 350).
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Hitting the marker: Social and stylistic stratification in Canadian Raising
Figure 4.4 displays F1 for /aɪ/ as a function of speech style and phonetic context. Two trends
are immediately apparent: first, that raising before voiceless codas is robust; and second, that
Puerto Ricans show a strong effect of style shifting. In conversational speech, there is a
distinction of slightly over 100Hz in F1 between /aɪ/ vowels preceding voiceless codas (95%
CI for favorable contexts: [733.00, 738.83]) and those vowels in other contexts (95% CI:
[851.71, 856.86]). The degree of separation in the read speech data is slightly lower at
approximately 75 Hz—though not considerably so (95% CI for favorable contexts: [658.94,
668.19]; 95% CI for disfavorable contexts: [737.41, 746.29]).
Figure 4.4. /aɪ/ raising by speech style
(n = 12,943)

Evidence that style shifting has occurred is found in the F1 values for disfavorable contexts in
the read speech data, which are comparable to the favorable contexts in the conversational
data in terms of vowel height. The vowel in favorable contexts then raises even further in the
read speech data, to approximately 663Hz; these are the highest values recorded and lie at the
upper end of the values obtained for white speakers in conversational speech (Labov et al.,
2013). The effect of style shifting follows the patterns of the Carol Meyers recording. In more
formal settings (e.g., work), her /aɪ/ vowels were highest. This is in contrast to /eɪ/, which was
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highest in informal speech with close friends. Labov (2001, p. 442) argues that style shifting
for this variable is a reflection of the differentiation by sex within Philadelphia, where men
lead the change. While it does appear that women show slightly larger effects of style shifting
than men (see Figure 4.5), men still show a strong effect of style in their realization of /aɪ/.
Figure 4.5. /aɪ/ raising by speech style and speaker sex
(n = 12,943)

Stylistic stratification is clear for this variable, but social stratification is not readily apparent.
Figure 4.6 plots normalized F1 values for favorable contexts (i.e., preceding voiceless codas)
by speech style and socioeconomic status, here approximated by occupation group. Unlike
with Ey Raising, which showed clear social stratification, there does not appear to be an effect
of occupation group; there is no apparent interaction with sex and socioeconomic status on
style shifting, either (see Figure 4.7). This aligns with the contemporary case for white males,
where social stratification is absent (Labov, 2001, p. 233), but not with white females, where
there is a gradual decrease in /aɪ/ height as socioeconomic status increases. Rather, all speakers
from all socioeconomic strata make the distinction between the centralized and noncentralized variant, and all show a tendency to centralize to a greater degree in formal than in
informal speech.
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Figure 4.6. /aɪ/ by phonetic context, socioeconomic status and speech style
(n = 8,927)
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Figure 4.7. /aɪ0/ by socioeconomic status and speaker sex
(n = 3,243)

When the conversational data are viewed in apparent time (see Figure 4.8), it becomes evident
that this “new and vigorous” change-in-progress observed for the white population has been
almost universally adopted by the Puerto Ricans (cf. Labov, 1994, pp. 82–83). However, it is
noteworthy that the distinction between favorable and disfavorable contexts is greater for
younger females than for older females, which suggests Canadian Raising is advancing. The
degree of distinction between favorable and disfavorable contexts for males follows a similar,
though weaker, trend.
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Figure 4.8. /aɪ/ raising by birth year and speaker sex (conversational speech)
(n = 10,244)

The conversational data suggest that the change-in-progress has been adopted across both
sexes and all ages. In the read speech data, females of all ages make approximately the same
distinction between favorable and disfavorable phonetic contexts, negating the effect for year
of birth found in the conversational data. In contrast, men show an emergent effect of birth
year in read speech (see Figure 4.9). That is, older men do not make the distinction between
the traditional and the raised variant in read speech, but younger men do. This suggests that
Puerto Rican women are in the lead for this change-in-progress, which would run counter to
the male-dominated trend found predominately in white Philadelphians (cf. Labov, 2001, p.
292). However, the Puerto Rican data are in line with some areas of the Inland North, where
Canadian Raising appears to be led by women (cf. Eckert, 2000).
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Figure 4.9. /aɪ/ raising by birth year and speaker sex (read speech)
(n = 2,699)

The effect of birth year was modeled using generalized additive mixed models, again using the
gamm function in the mgcv package in R (see Tables 4.6a-b). The base model structure was
similar to the model for Ey-Raising. However, since style shifting is apparent for Canadian
Raising, the model for /aɪ/ height additionally included a main effect of Speech Style and all
relevant interactions among Speech Style, Phonetic Context, and Speaker Sex. Likewise, the
random smooth by centered year of birth was divided by Sex, Style, and Phonetic Context.
The model accounted for an acceptable amount of variation in the data (adjusted R2=0.40),
and no model diagnostic indicated poor fit.
Of the smooth functions by centered year of birth, only two significantly improved the model
fit. First, the by-year smooth for women in favorable contexts in conversational speech
improved the model fit considerably (F(1.04, 2) = 42.64; p < .001). Second, the smooth for
men in favorable contexts in read speech improved the model (F(0.92, 2) = 7.92; p = .002).
Additionally, the random effect smooths by Word and Speaker improved the model deviance.
This suggests an underlying age effect for women in conversational speech and for men in
read speech, and that most of the variation is in the favorable context (i.e., where raising is
expected to occur).
Regarding the fixed effects, there was a main effect of Context, which suggests that the Puerto
Rican population, in general, is participating in the change in-progress: favorable phonetic

55

contexts had higher vowels than disfavorable contexts (β = -71.09; t = -8.80). Additionally, a
main effect of Speech Style revealed that vowels in conversational speech were lower than in
read speech (β = 54.9; t = 11.20), and there was a significant main effect of Speaker Sex:
women had lower vowels than men in aggregate (β = 7.97; t = 2.32). However, raising in
aggregate is not tantamount to adopting the change in-progress, since the linguistic
conditioning is a central component of the phenomenon. Thus, we should not conclude that
the fact that men’s vowels are higher than women’s in aggregate is indicative of greater
participation in this change. Rather, it may be a reflection of men having weaker separation
between favorable and disfavorable contexts, or some other lurking variable. Similarly, we
cannot conclude that because /aɪ/ is higher in read speech that this is indicative of style shifting.
Each of these main effects is only meaningful in relation to the surrounding context,
necessitating a two-way interaction with this predictor. Fortunately, these were present as well.
There were significant two-way interactions involving Speaker Sex. The interaction of Speaker
Sex and Context indicates that females had disproportionately higher vowels in favorable
contexts than males did (β = -7.05, t = -2.94), suggesting that Puerto Rican women raise /aɪ/
more than men. The interaction of Speaker Sex and Speech Style suggests that women showed
a greater effect of style shifting than males as well (β = 6.88; t = 4.14). Finally, there was a
three-way interaction among Speaker Sex, Speech Style, and Context—to the effect that
women in conversational speech had disproportionately higher vowels in favorable contexts
than men, on average (β = -10.33; t = -4.30). Thus, while men may have higher vowels overall,
women appear more sensitive to the linguistic conditioning of the variable than men.
Therefore, it would seem that Puerto Rican women are actually more advanced with respect
to this change in-progress than men.
Table 4.6a Parametric coefficients of GAMM for /aɪ/
Predictor
Intercept
Speaker Sex
Favorable Context
Speech Style
Sex : Favorable
Sex : Style
Favorable : Style
Sex : Favorable : Style

β-Estimate
797.59
7.97
-71.09
54.49
-7.05
6.88
2.92
-10.33

Std. Error
5.86
3.43
8.08
4.86
2.40
1.66
6.89
2.40

t-value
136.19
2.32
-8.80
11.20
-2.94
4.14
0.42
-4.30
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Table 4.6b Smooth terms of GAMM for /aɪ/
Predictor
Conversational speech
Birth Year : Female : Disfavorable
Birth Year : Male : Disfavorable
Birth Year : Female : Favorable
Birth Year : Male : Favorable
Read speech
Birth Year : Female : Disfavorable
Birth Year : Male : Disfavorable
Birth Year : Female : Favorable
Birth Year : Male : Favorable
Speaker
Word

Est. df Est. Resid. df F-value p-value
< 0.001
< 0.001
1.04
< 0.001
0.63
0.70
< 0.001
0.92
30.48
133.20

2
2
2
2

< 0.001
< 0.001
42.64
< 0.001

0.59
0.33
< .001
0.70

2
1.50
0.10
2
1.79
0.08
2 < 0.001
0.45
2
7.92
< .01
35
20.52 < .001
261
4.86 < .001
n = 12,943; Adjusted R2 = 0.41

Stereotype rejection: /ɔ/ Lowering in younger males
In white Philadelphians, the raised [u] variant of /ɔ/ is a shibboleth of Philadelphian speech.
However, this variant is also prevalent in working-class neighborhoods of New York City,
which Labov et al. (2013, pp. 58–59) theorize is a reason motivating the avoidance of the raised
variant in the production of younger, more educated speakers (see also Prichard & Tamminga,
2012).
Figure 4.10 plots the height of /ɔ/ relative to /ɑ/ (a reference vowel) in conversational speech
by sex in apparent time. The Puerto Rican male data exhibit a robust, curvilinear effect of age:
after approximately 1980, the vowel drops rapidly, which suggests reversal of the raised /ɔ/.
Interestingly, women also appear to lower the vowel, but this occurs more gradually and
approximately a generation earlier, stabilizing for those born in approximately 1980. Thus, it
is likely that rejection of the higher, stigmatized [u] variant is being led by females in the Puerto
Rican community. Regarding the reference vowel /ɑ/, different trends occur for men and
women, but with largely the same results. For women, the position of /ɑ/ relative to /ɔ/ remains
constant over apparent time. For men, the height of /ɑ/ remains constant as the /ɔ/ vowel
lowers, resulting in less acoustic distance between the two vowels in younger males than in
females or older males.
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Figure 4.10. /ɔ/ and /ɑ/ height by birth year and speaker sex (conversational speech)
(n = 6,338)

In read speech (see Figure 4.11), women do not appear to be changing the height of /ɔ/ in
apparent time. In contrast, men born after approximately 1980 show a weak trend toward
raising /ɔ/, but a more pronounced trend toward lowering /ɑ/. These data appear to contradict
the conversational data, where there was a strong effect of birth year on /ɔ/ height in Puerto
Rican men. Additionally, the emergence of an apparent lowering effect for the reference vowel
/ɑ/ raises questions for style shifting in Puerto Rican men. That is, why should they adjust the
height of /ɑ/, which is not undergoing change in the majority community, and which has no
social valuation?
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Figure 4.11. /ɔ/ and /ɑ/ height by birth year and speaker sex (read speech)
(n = 2,705)

To examine these trends further, a generalized additive model was fit to the normalized F1
values for the /ɔ/ vowels following a similar methodology to that of the other changes inprogress (see Tables 4.7a-b), with the exception that effects of Phonetic Context were not
included, since there is no known conditioning by phonetic environment for these two vowels
(cf. Chapter 1). Penalized, thin-plate spline smooths for Year of Birth by both Speaker Sex
and Speech Style were included. Additionally, random effect smooths for Speaker and Word
were added. Parametric, fixed effects were included for Speaker Sex, Speech Style, and their
interaction.
The model (Adjusted R2 = 0.52) was improved by the inclusion of a smooth by centered Year
of Birth, but only for women in read speech (F(0.88, 2)=10.10; p=.02). Random effect
smooths by Speaker and Word significantly improved the model fit as well. Regarding the
parametric, fixed effects, there was a significant main effect of Speech Style, such that the
mean /ɔ/ was lower in conversational speech (β = 30.08; t = 4.84). Additionally, there was an
interaction between Speaker Sex and Speech Style, which suggests that the style effect is driven
by men rather than women (β = -5.51; t = -3.56).
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Table 4.7a Parametric coefficients of GAMM for /ɔ/ height

β-Estimate

Predictor
Intercept
Speaker Sex
Speech Style
Sex : Style

612.87
-1.55
30.08
-5.51

Std. Error
8.90
3.17
6.21
1.55

t-value
68.90
-0.49
4.84
-3.56

Table 4.7b Smooth terms of GAMM for /ɔ/ height
Est. df Est. Resid. df F-value p-value

Predictor
Conversational speech
Birth Year : Female
Birth Year : Male
Read speech
Birth Year : Female
Birth Year : Male
Speaker
Word

< 0.001
0.47
0.88
< 0.01
26.24
177.60

2.00
2.00

< 0.001
3.21

0.43
0.18

2.00
10.10
0.02
2.00
< 0.01
0.29
35.00
14.38 < .001
217.00
17.65 < .001
n = 3,556; Adjusted R2 = 0.52

The raw data show that conversational and read speech have nearly identical F1 values for /ɔ/
(see Table 4.8). Similarly, males and females in the raw dataset have nearly identical F1 values
overall. However, when data are cross-tabulated by sex and speech style (see Table 4.8) the
interaction found in the model arises: Puerto Rican men appear to show style shifting for this
variable, while women do not (see Figure 4.12). However, the effect of style shifting is in the
opposite direction as expected: men raise the vowel in read speech in aggregate. Why would
this be? Does this relate to the height of /ɑ/ in read speech as opposed to conversational
speech, or is it confounded by an effect of speaker age?
Table 4.8. Bootstrapped 95% CIs for F1 (Hz) of /ɔ/ by speech style and speaker sex
Speech
Style
Conversational
Conversational
Conversational

Speaker
Sex
Female
Male
All

Lower
bound
639.16
648.71
642.44

Read
Read
Read

Female
Male
All

All
All

Female
Male

Mean
643.74
659.57
646.98

Upper
bound
648.41
670.25
651.38

N
1,824
469
2,293

639.44
630.70
638.32

645.67
638.76
643.32

651.71
646.12
648.19

834
429
1,263

640.54
642.54

644.35
649.63

648.33
656.33

2,658
898

60

Figure 4.12. /ɔ/ height by speech style and speaker sex
(n = 3,556)

To investigate the degree of spectral interrelationship between /ɔ/ and /ɑ/, Pillai scores were
calculated (cf. Babel et al., 2013; Berry & Ernestus, 2017; Labov et al., 2016; Nycz & Hall-Lew,
2013). The Pillai score, derived from a MANOVA on the ordered pairs (F1, F2) predicted by
vowel category label, provides an index of the degree of separation between the two vowel
categories (lower values correspond to greater merger). Figure 4.13 plots the distribution of
Pillai scores in each speech style for the Puerto Rican males in two age groups: those born
before 1985 (n = 5) and those born after 1985 (n = 6)28. One speaker from the older age group
(S14) had fewer than 20 tokens of /ɔ/ and /ɑ/ in read speech, so his read speech Pillai score
was excluded. In conversational speech, the younger group appears to have a lower mean Pillai
score, indicating greater merger. A Wilcoxon signed-rank test on these data found that the
difference in Pillai score between the two age groups was significant at α = 0.05 (W = 29; p <
.01). Thus, younger Puerto Rican males appear to be approaching merger of /ɔ/ and /ɑ/ in
conversational speech, such that bought sounds more like bot, as they lower /ɔ/. This is different
from white, educated Philadelphians (e.g., Prichard & Tamminga, 2012), who maintain a
distinction between the two vowels even after lowering /ɔ/ into a space closer to /ɑ/
(approximated as [ɒ]). Importantly, this finding is unlikely to be the result of transfer from
Spanish. Were transfer the underlying phenomenon, we might reasonably expect the opposite
effect: /ɑ/ would approximate the Spanish /a/ category and /ɔ/ would approximate /o/.

28

1985 was chosen as the division point because it represents a balance between number of speakers per bin and
two sections of the curve that appear to be distinct.
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Figure 4.13. /ɔ/-/ɑ/ merger for Puerto Rican males by age group
(Lower values indicate greater merger)

The two age groups do not differ in their degree of overlap in read speech, however (W = 4;
p > .05). The interesting trend emerges within age group rather than across it. In the read
speech of younger men (n = 6; see Figure 4.12)—who lower /ɔ/ in conversational speech—/ɔ/
is raised concomitantly as /ɑ/ is lowered. A paired Wilcoxon rank-sum test confirmed that the
degree of merger is significantly different across speech styles for younger males (n = 6; W =
5; p < .05). Effectively, younger Puerto Rican males in Philadelphia reduce the near-merger in
their conversational speech when speaking in a more formal setting. Curiously, the older age
group appears to do the opposite: they merge the two vowels more in read speech (n = 4) than
in conversational speech (n = 5; W = 19, p < .05). Reasons for this puzzling pattern of behavior
will be discussed in the following chapter.
The strong effect of education in white Philadelphians for /ɔ/ height is not as clear in
Philadelphia Puerto Ricans (see Figure 4.14). Men, who showed an effect of age, show no
social or stylistic stratification for this variable. Women, in contrast, who showed only a weak
trend for age, do show robust socioeconomic stratification in conversational speech. For
women, the higher the occupation group, the lower the /ɔ/ vowel. If we assume socioeconomic
status is correlated to degree of higher education, this matches the observed trend for white
speakers (Labov et al., 2013). While this distinction is clearest between Puerto Rican women
with production as opposed to service occupations, it is worthwhile to note that professional
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women have lowered variants in both speech styles. Similarly, production workers shift their
vowels lower in read speech than in conversational speech. A curious trend is found for the
service workers: style shifting is present, but in the opposite direction as was expected.
However, it is important to clarify that there is no significant difference in vowel height for
women in read speech; the significant differences by occupation group are observed solely in
conversational speech. Nonetheless, the difference in vowel height across speech styles for
Puerto Rican females with service occupations echoes the finding for the younger males—
namely, an increased distinction between the two vowels in read speech.
Figure 4.14. /ɔ/ height by socioeconomic status, speaker sex, and speech style
(Position is jittered to facilitate comparison) (n = 2,477)

Chapter summary
In this chapter, usage patterns were analyzed for three sound changes in-progress in
Philadelphia. Vowel tokens from Puerto Ricans in Philadelphia were analyzed by speech style,
speaker sex, occupation group (SES), and year of birth, in order to compare the linguistic and
social conditioning to those found in white speakers. Table 4.9 summarizes these findings.
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Table 4.9 Summary of changes-in-progress for Philadelphia Puerto Ricans
Variable
Type (white speech)
Age effect
(change-in-progress?)
Reversal?
Social Stratification
Stylistic Stratification
Gender Effect

Ey-Raising
Indicator
Linear
(Positive)
No
Yes
No
Yes (Female)

Canadian Raising
Marker
Linear
(Women Only)
No
Yes
Yes
Yes (Female)

/ɔ/ Lowering
Stereotype
Linear/Curvilinear
(Depends on Sex)
Yes
Women Only
Men Only
Yes (Female)

For Ey-Raising, which is an indicator in the white population, the Puerto Rican data showed
linear incrementation in vowel height over apparent time for women, and a weak trend toward
incrementation in men. This indicates that the variable is being transmitted primarily by the
females in the community. The change in-progress is led by interior rather than peripheral
social groups, but there is no evidence of style shifting. As is the case for white speakers in
Philadelphia, this change in-progress appears to be led by women in the Puerto Rican
community.
For Canadian Raising, which is a marker, there was strong evidence of linear incrementation
for Puerto Rican women—but not Puerto Rican men—in conversational speech. Puerto Rican
men did demonstrate an emergent effect of linear incrementation, but only in read speech
data. Both sexes exhibited style shifting for this variable, exaggerating the height of /aɪ/
preceding voiceless codas in read speech while still maintaining a distinction between favorable
and disfavorable phonetic contexts. For this variable, Puerto Rican women are again in the
lead, but younger men nonetheless appear to be sensitive to the linguistic and stylistic
conditioning.
For /ɔ/, which has lowered in younger, educated white speakers, Puerto Rican men exhibit a
curvilinear pattern of incrementation and reversal in apparent time. However, this variable
shows no stratification by socioeconomic status, unlike for white speakers. There is
stratification by socioeconomic status for women, however: Puerto Rican women lower the
vowel as occupation group increases. There also appears to be an effect of style shifting, but
only for Puerto Rican men.
To investigate style shifting in the male population further, Pillai scores were calculated as
indices of category separation between /ɔ/ and /ɑ/, and the men were split into two groups by
birth year: those born in 1985 or before (nConvo = 5; nRead = 4), and those born after 1985 (n =
6). In conversational speech, the younger age group showed a higher degree of merger between
the two vowels than the older age group (making cot sound more like caught), but the two
groups did not differ from one another in read speech. Closer examination of the data within
age group suggests two opposing trends produce this lack of effect. First, younger males, who
lower /ɔ/ while keeping /ɑ/ relatively stable in conversational speech, do the opposite in read
speech. In the read speech data, younger males maintained the height of /ɔ/ (the raised variant)
while lowering /ɑ/, effectively undoing the merger in-progress they had in conversational
speech. Second, the older age group increased their degree of merger in read speech relative
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to conversational speech, arriving at Pillai score values not significantly different from the
younger age group. Why should older and younger men adopt opposing patterns of style
shifting if the variable it stigmatized in the community? This, along with other pending issues
that have arisen from the analyses, will be addressed in the following chapter.
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Chapter 5
Echoes from below:
Minority adoption of majority sound change

W

hile it has long been assumed—be it tacitly or explicitly—that minority
speakers do not adopt majority patterns of linguistic variation in situations
of language change in-progress, the data from the current study add strong
support to the mounting evidence to the contrary (cf. Fought, 1999, 2010;
Hall-Lew & Starr, 2010; Hoffman & Walker, 2010). In nearly all cases, Puerto Ricans exhibit
patterns of variation consistent with the adoption of the various sound changes in-progress
within the local majority (white) community. In the current chapter, these findings will be
summarized, and Puerto Rican production patterns will be situated within those reported for
white speakers in Philadelphia. Deviations from expected patterns will then be delineated and
discussed in light of the mechanisms of transmission and diffusion.
Summary of findings
Incrementation, reversal, and the integral role of speaker sex
With respect to the sound changes in-progress in the current study, linear trends in apparent
time were expected for Ey-Raising, which is one of the newest sound changes in-progress in
Philadelphia, and for Canadian Raising, which is a marker but is not overtly commented on.
A curvilinear pattern in apparent time was expected for the height of the CAUGHT vowel /ɔ/,
as educated white speakers have been observed to reverse the previous change in-progress
(raising toward /u/) and lower the vowel closer toward the space of /ɑ/. In general, this is what
was found. However, in no case could incrementation be divorced from speaker sex. Sex is a
common differential for patterns of language use, whose inextricability from analyses of
language variation and change is apparent in the current findings.
For /eɪ/, vowel height increased as did year of birth. While this trend was more robust for
women, men exhibited a similar pattern. This provides evidence that the novel, raised variant
is being transmitted within the Puerto Rican community, but women appear to be leading the
change. In other words, Puerto Ricans are sensitive to an emergent sound change with no
social valuation, and they have adopted patterns of variation from the majority community in
their own speech.
Along a similar vein, the height of /aɪ/ increased as speakers decreased in age in aggregate—
this was also driven by women. Closer examination suggests that while men distinguish the
two phonetic contexts, raising before voiceless codas, there is no trend by birth year in
apparent time. The lack of an age effect for men suggests that transmission of the novel variant
is not occurring as predicted, or that the change in-progress is not advancing equally in all
subgroups of the population. Alternatively, it may mean that the change is complete or nearing
completion in the Puerto Rican population rather than in the white population, which would
suggest that Puerto Ricans are accelerating the change in their community.
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For the stigmatized variable, /ɔ/, women also show approximately linear incrementation. That
is, the height of the /ɔ/ vowel decreases gradually in apparent time. The trajectory of women
deviates from the expected curvilinear pattern, given the theorized social salience of the /ɔ/
vowel and its reversal within the white community. In contrast to the women, the men do
exhibit the curvilinear pattern characteristic of reversal. Puerto Rican men born after
approximately 1980 show a sharp and rapid decrease in vowel height—to within 50Hz of their
/ɑ/ vowels. In line with the Canadian Raising data, but not with general principles of sound
change (e.g., Labov, 2001, pp. 196–197), the results suggest that Puerto Rican men and women
are divided not only in their language use, but in their tendency to advance sound change.
Status, style, and sex
Regarding socioeconomic status, a strong effect was expected for the newest change inprogress (Ey-Raising) and the stigmatized variable (CAUGHT). Since Ey-Raising is an incipient
change in the white population, the hypothesis was that raising would be most pronounced in
interior social classes—here represented by service occupations. In contrast, a main effect of
socioeconomic status should have been limited or absent for Canadian Raising, which has
already spread throughout the white community. Finally, given that /ɔ/ lowering was driven in
white speakers by higher education, the hypothesis was that speakers of higher socioeconomic
status—here represented by professional occupations—should also show the lowest values
for /ɔ/.
For /eɪ/, which is an early change in-progress, no stylistic stratification was expected, but some
stylistic variation was expected for the two variables with social valuation (Canadian Raising
and /ɔ/ lowering). For Canadian Raising, which is socially diffused but not stigmatized, the
degree of raising was expected to increase in read speech relative to conversational speech.
Similarly, the height of /ɔ/ was expected to decrease in read speech—since stigmatization
should lead one to avoid the raised variant in formal conversation.
The height of /eɪ/ was influenced by occupation group, such that the interior groups show
vowels that are most advanced along the front diagonal, but it is not affected by speech style
in the data. These findings support the hypotheses that interior groups lead sound change and
that the change is under the level of community awareness in the Puerto Ricans—as it is for
white Philadelphians (e.g., Prichard & Tamminga, 2012). Moreover, a cross-tabulation of the
data by occupation group and sex (see Figure 5.1; token counts are available in Table5.1.)
suggests that women drive the observed effect. Men do not appear to show socioeconomic
stratification in their use of /eɪ/, but women do: women in service occupations (n = 7) show
the highest and most advanced values for /eɪ/, but women with professional occupations (n =
3) show values not distinct from those of women with production occupations (n = 2). This
is in contrast to Conn’s (2005, pp. 128–131) findings, where men show socioeconomic
stratification but women do not29. While the dataset is limited, the trends point toward women
29

Nota Bene: Conn’s (2005) work focused on the F1 dimension in isolation, while the current study focuses on
the joint raising and fronting of the vowel. A post-hoc analysis of the Puerto Rican data suggests that women
still show more robust socioeconomic stratification than men. In fact, men do not distinguish the raised from
the lowered variant at all when the F1 dimension is examined in isolation.
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being in the lead for Ey-Raising—as is the case for women in the white community (e.g. Labov
et al., 2013, Figure 10).
Figure 5.1. Socioeconomic stratification of /eɪ/ by sex and phonological context
(conversational data; cf. Figure 4.3)
(Position is jittered to facilitate comparison)

Table 5.1. Token counts for /eɪ/ raising by sex, occupation group, and context
(F: Favorable /eɪC/; D: Disfavorable /eɪσ/)
Unemployed
F
D
Sex
Female 180
344
Male
66
95

Production
F
D
55
92
51
70

Service
F
D
219
415
67
142

Professional
F
D Total
231
313 1,849
63
109
663

For /aɪ/, style shifting is robust, as hypothesized. In addition to raising the vowel /aɪ/ in read
speech in general, Puerto Ricans still maintain a distinction between favorable and disfavorable
phonetic contexts. This is true for women, who show patterns consistent with linear
incrementation in apparent time, and for men, who do not. Importantly, despite a lack of age
effect for males, men and women alike appear to be sensitive to stylistic variation in the height
of /aɪ/. However, there is no effect of socioeconomic status: all groups appear to exhibit similar
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degrees of raising, even across speech styles. This finding is in line with observed trends in the
white population, where there is no independent effect of socioeconomic status (Labov, 2001,
pp. 300–303). Where the variable’s production patterns deviate from the expected is in the
interaction of speaker sex and socioeconomic status. While white women show incremental
decreases in /aɪ/ height with increasing socioeconomic status, white men do not. In the current
dataset, Puerto Ricans of neither sex showed a strong linear trend for vowel height by
socioeconomic status.
For the stereotype /ɔ/, speaker sex differentiated style shifting from socioeconomic
stratification. Women—but not men–lowered the height of /ɔ/ as occupation group increased
in conversational speech, suggesting that Puerto Rican women are sensitive to similar
constraints as younger, educated, white Philadelphians. Contrariwise, it was men—but not
women—who showed an effect of style shifting. Closer examination of the data suggests that
this effect is strongly influenced by birth year. Puerto Rican males born in or after 1985 differ
markedly from Puerto Rican males born before 1985 in conversational speech, but they do
not differ from one another in read speech. That is, older Puerto Ricans do not style shift,
while younger Puerto Ricans do. Importantly, though, younger Puerto Rican males shift in the
opposite direction as expected: they raise /ɔ/ in read speech to levels similar to the older
speakers. This could suggest that the reversal observed for Puerto Rican males may not be
driven by social stigmatization as it is for white speakers and possibly Puerto Rican women,
or it may be the result of (1) other underlying phenomena; or (2) the modest size of the current
data set.
Crossing sex and style in apparent time
Regarding Canadian Raising, men and women showed nearly identical effects of style shifting
in aggregate: vowel height increases overall in read speech. However, when style and birth year
are crossed, two interesting trends emerge. First, women, who show a linear increase in vowel
height over apparent time in conversational speech, do not show an effect of birth year in the
read speech data. In stark contrast, the men, who do not show an effect of birth year in
conversational speech, show an approximately linear increase in vowel height over apparent
time in read speech. What is more, while older Puerto Rican males do not appear to even
distinguish [aɪ] from the raised [ʌɪ] variant in read speech, younger males (i.e., those born after
approximately 1985) distinguish the two in both speech styles. This provides evidence that the
change in progress is indeed advancing incrementally in the community—and it is being led
by women. Males appear to be delayed by approximately a generation, as is the case with many
sound changes (Labov, 2001, pp. 280–283). Notably, this generational shift is not as apparent
for /eɪ/ in the Puerto Rican data as it is in the data from white speakers (Labov, 2001, pp. 304–
306).
While women show a decrease in /ɔ/ height in conversational speech in apparent time, their
participation in the change pales in comparison to younger men, who have shown a rapid shift
toward lower vowels in conversational speech. Women show no effects of style shifting, and
only young men show effects of style shifting for this variable. This suggests that the reversal,
which was occurring gradually in the female population, was catalyzed in younger men, where
it advanced much more quickly, which may provide evidence that awareness of the variable’s
stigmatization in the white community is relatively new in the Puerto Rican community.
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The right allocations: Sex differentiation in socioeconomic stratification
Ey-Raising, the indicator, shows a strong interaction of sex and socioeconomic status in the
Puerto Rican data, such that women show social stratification, but men do not. The expected
curvilinear trend by socioeconomic status—that is, that interior social groups should be the
most advanced—is observed for women but not men. This lies in contrast to white
Philadelphians, where both men and women show similar social stratification (Labov, 2001,
pp. 299–300). The interaction of sex and social stratification provides further evidence that
women have adopted this change in-progress, and men may not have. However, the change
does appear to be emerging in apparent time for Puerto Rican men, and there is evidence that
men with production occupations are making the distinction. Nonetheless, women are
assuredly in the lead.
In addition to adopting similar patterns of use as the white population, Puerto Rican women
appear to be increasing the vowel’s height in disfavorable contexts (i.e., /eɪ/ in any context
except a closed syllable) as socioeconomic status increases as well, to the effect that women
with professional occupations (n = 3) have raised vowel in all contexts. Does this represent
completed change in the professional group?
Two counterexplanations immediately come to mind. The most obvious is that professional
women may not have adopted the change-in-progress; they may simply have higher vowels
than speakers from other occupation groups. Such an account fails to assign an explanation
for the difference, and it ignores two social implications of professional occupations: (1)
increased contact with other professionals (most of whom are white) and service workers (who
show the highest rates of raising); and (2) more wealth, distancing the professional’s social
reality from that of the lower socioeconomic strata. The two professional women share very
little else in common, as far as the demographic survey can indicate. Both heard almost
exclusively Spanish from their caregivers when they were younger (but both also preferred to
respond in English), so their input as children was not qualitatively different. Moreover, both
have Latino partners, so it is not the case that they have more exposure from a white speaker
in the home. They did go to separate middle and high schools, one of which was diverse (but
mostly white) and the other of which was predominately Hispanic. Furthermore, one uses
mostly Spanish in her daily life and the other uses mostly English, but both prefer English. In
spite of this, they show similar production patterns to one another.
Another, more probable possibility is that they may be adopting the novel variant by shifting
the entire category upward rather than by distinguishing variants by phonetic context. This
could be indicative of localized hypercorrection in the acoustic signal—where meaningful
variation (here, phonetic context as a conditioning environment) is normalized out and
assumed to be an aberrant variation of an underlying variant (cf. Ohala, 1993). That is, it is
possible that Puerto Rican women with professional occupations, who hear raised variants
regularly vis-à-vis increased contact with whites and service workers whom they employ, have
a greater tendency to add those exemplars to the same phonological category as the lowered
variants, resulting in a slight raise in the category mean relative to other groups who keep
production values for the two phonetic contexts separate. Put in other words, the social reality
of the professional Puerto Rican women in the sample may cause them to hear many raised
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variants of /eɪ/, but they fail to distinguish the linguistic conditioning. While hypercorrection
explains the mechanism by which this arises, the result is consistent with diffusion, where the
conditioning factors for a change in-progress become warped as that change is picked up by
new sub-groups in a community. That women would do this before men is also not surprising,
given that women are in the lead for the change in-progress within Philadelphia as a whole.
While women appear to be showing strong signs of sex differentiation by socioeconomic
status for the incipient /eɪ/ raising, no such effect is apparent for the marker, Canadian Raising.
When data are cross-tabulated by sex and socioeconomic status, no differences by occupation
group were found for either sex, even though a sizable effect is present for white women in
Philadelphia (Labov, 2001, p. 301). In the white population, where men lead the change inprogress, women of increasing socioeconomic status show progressively lower vowels in
favorable contexts, to a maximal sex differentiation of approximately 150 Hz in professional
occupations. In contrast, white men show no differentiation by socioeconomic status, which
represents the spread of the male-dominated change across socioeconomic strata. For the
Puerto Rican data, women are in the lead. Given that neither men nor women show
socioeconomic stratification of the variable (see also Labov, 2001, pp. 306–309), it may be true
that the marker has spread to all socioeconomic groups and may be more advanced in the
Puerto Rican community than in the white community—at least in Philadelphia.
Where a linear effect of socioeconomic status by sex is found is in /ɔ/ lowering: Puerto Rican
women in higher occupation groups have lower vowels than those in lower strata. Curiously,
the effect mirrors that of white women in Canadian Raising. In contrast, men show no effect
of socioeconomic status for the variable. Does this suggest that the change in-progress is less
advanced in the Puerto Rican population than it is in the white population, or does it provide
evidence that the reversal is male-dominated, like Canadian Raising is in the white population?
If the change were male-dominated, we would not expect the linear decrease in the vowel in
apparent time that we observe for women, which is evident of linear incrementation. However,
men appear to be making the largest changes in terms of absolute vowel height, particularly
among younger men. As the next section will illuminate, this is driven by a new change inprogress that is underway in the Puerto Rican males: the low back (CAUGHT-COT) merger (cf.
Eberhardt, 2008; Labov, 2010; Labov et al., 2005).
Reanalysis and the incipient low back merger in Puerto Rican males
A surprising finding in the Puerto Rican data was that younger males—but not females—have
begun to exhibit the CAUGHT-COT merger in their conversational speech. According to Labov
(2010, p. 133), this merger “represents the most substantial geographic division in North
American English phonology, with many consequences for the rest of the phonological
system.” Philadelphia has long been an area of resistance for this merger, due to the raised
values of /ɔ/ (mean F1 less than 700Hz) characteristic of the region’s white population (Labov,
2010, pp. 166–167). The younger Puerto Rican males have a mean F1 value of 680 Hz in
conversational speech (see Figure 5.2; token counts available in Table 5.2), which is similar to
the expected value of the white speakers—albeit quite close to the threshold. However, the
variance in F1 and F2 for /ɔ/ appears much lower for the younger speakers than the older
speakers. That is, the vowel appears to occupy a tighter F1xF2 space for the younger speakers
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(n = 6) than for the older speakers (n = 5). In contrast, the /ɑ/ vowel shows evidence of
expansion backward and upward, into the space of /ɔ/.
Table 5.2. Token counts for /ɔ/ and /ɑ/ by age group, vowel, and style

Age Group
Older
(≤ 1985)
Younger
(> 1985)

Sex
Female
Male
Female
Male
Total

Conversational
/ɔ/
/ɑ/
798 1,261
236
339
1,026 2,080
233
365
2,293 4,045

Read
/ɔ/
/ɑ/
497
580
165
190
337
371
264
301
1,263 1,442

Total
3,136
930
3,814
1,163
9,043

Figure 5.2. Low back merger in males by age group (conversational speech)
(labels indicate means for the given group and condition)
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That there is more spectral overlap between the two vowels in the younger population relative
to the older population was established using the Pillai score. This trajectory for /ɑ/ is
consistent with the genesis of the low back merger, which is driven primarily by movement of
the short /ɑ/ vowel into the space of /ɔ/ (Labov, 2010, p. 95). However, it was found that in
read speech, younger speakers apparently undo this merger. While the finding was initially
puzzling, visual examination of spectral overlap between the CAUGHT and COT vowels by
speech style and age group clarifies this considerably (see Figure 5.3).
Figure 5.3. Low back merger by age group and speech style for males
(labels indicate means for the given group and condition)

It is apparent that there is less variation in category production in read speech than in
conversational speech, in both age groups. The compression in variation is most prominent
in the F2 dimension, which is also the dimension most robustly associated with social features
(Labov, 2001, p. 168), and for /ɔ/, which is the vowel associated with stigmatization in the
white population. Both of these findings are noteworthy, and they will be considered in turn.
Formal speech typically elicits hyperarticulated vowel patterns (cf. Lindblom, 1990), leading to
vowels that are more peripheral. In the Puerto Rican data, compression of the categories is in
the direction of centralization; that is, the vowels in read speech are less peripheral than in
conversational speech, which is unexpected. This suggests that the reduction in variance in
read speech is not simply a result of gestural reduction, but rather of stylistic effects on
language use. Compression in the vertical (F1) dimension is also revelatory, particularly since
this is the dimension of variation for the /ɔ/ vowel.
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For both age groups, /ɔ/ occupies a smaller F1 range in read speech than in conversational
speech. This is most prominent for the older Puerto Rican males, who show much more
constrained, lowered, and more fronted /ɔ/ in read speech. Unlike in the white population,
where lowering /ɔ/ does not lead to merger (e.g., Prichard & Tamminga, 2012), in the Puerto
Rican data the merger is clear. That the majority of reduction in variation occurs for /ɔ/ rather
than /ɑ/ suggests that this variable is more consciously adjusted than the other variable—
presumably due to social valuation at the community level.
What of the apparent demerger in read speech for younger males, then? In read speech, it
appears that this is driven by fronting of /ɑ/, which results in a larger spectral envelope not
containing /ɔ/ than for the conversational speech data. In fact, more of the CAUGHT vowel is
contained within the space of the COT vowel in read speech than in conversational speech, but
the number of points containing exclusively /ɑ/ tokens is higher in read speech as well. This
leads to a higher Pillai score—but it is apparent that no ‘unmerging’ is occurring. Rather, /ɔ/ is
being absorbed into the space of /ɑ/, and /ɑ/ is shifting forward. From this perspective, males
in both age groups appear to possess the caught-cot merger in more formal, read speech. The
key difference, then, is that older males appear to style shift while younger males do not.
While an incipient low back merger does not align with trends in Philadelphia’s white
population, it is consistent with speakers in transitional areas, such as the Southern US. In the
South, younger speakers, urban speakers, and speakers with lower educational levels are more
likely to exhibit the low back merger (Labov, 2010, p. 134). Of the six younger male speakers,
two are unemployed, one is a production worker (IT technician), two are service workers
(night security guard, furniture delivery), and one is a paraprofessional who works with
children with special needs. In addition, half have lived at the same address for their entire
lives. Given that Philadelphia has historically been in a transitional state between Southern and
Northern vowels (cf. Labov et al., 2013), it is possible that similar pressures apply to the Puerto
Rican males.
Why merge the COT and CAUGHT vowels? One possibility is that the lowered /ɔ/ vowel was
reanalyzed as a variant of /ɑ/ via hypercorrection (Ohala, 1993, 2003). That is, younger males
hear more lowered variants which are closer to the space of /ɑ/, and then begin to associate all
tokens of /ɔ/ as /ɑ/. Women, who are in general more attuned to the social implications of
language than men (cf. Labov, 2001, pp. 291–293), may have this in mind when lowering,
resulting in a decreased tendency to hypercorrect. That women show an effect of
socioeconomic status while men do not is indicative of their sensitivity to the social value of
the variable, so this seems to be a reasonable conjecture. Another possibility is that the merger
represents the end result of a sound change nearing completion. Given that older males show
greater merger in read as opposed to conversational speech, older men might have begun to
attune to the social value of the variable. Younger males, whose parents would have
demonstrated style shifting away from the stigmatized variant, may avoid /ɔ/ in their speech
more generally.
Merger is also an elegant way to hide a stigmatized vowel and, given the near ubiquity of this
merger across the US, it is unlikely to arouse much suspicion or engender a great deal of
confusion among interlocutors. That said, the merger would occasionally lead to perception
errors on the part of white Philadelphians who maintain the distinction (cf. Labov, 2010, pp.
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33–36). In general, misperceptions are heard on the part of those who maintain the distinction;
those who merge rarely have trouble understanding. Women, who show expected effects of
socioeconomic status on lowering, avoid the stigmatized variable without the risk of
misperception from a white Philadelphian with separate categories for /ɔ/ and /ɑ/. This effect
may be driven by the nature of professional women’s work, where maintaining the distinction
present in the larger Philadelphia community would facilitate comprehension by a customer
or colleague.
Figure 5.4 plots Pillai scores for women with 20 tokens or more of /ɔ/ and /ɑ/ by age group
and speech style; it is apparent that very little change is occurring in the degree of merger for
either age group or speech style. That said, it is also clear that Pillai scores for the women in
read speech are a bit more variable than the male scores (cf. Figure 4.13)—principally due to
the exclusion of six of the 17 females’ read speech data due to low token counts. Nonetheless,
given that the mean Pillai score ranges between approximately 0.4 and 0.5 for all conditions,
we can say that they maintain the distinction overall. Maintenance of the distinction also makes
their speech easier to understand within Philadelphia, which seems a satisfactory explanation
for the sex difference—for the time being.
Figure 5.4. Low back merger by age group and speech style for females
(Lower values indicate greater merger)

Speakers by age group: (n≤1985 = 18; n>1985 = 8)
Exclusions (all from ≤1985 age group): (nConvo= 2; nRead= 6)
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Women in the lead: An effect of diffusion?
While it is certainly not controversial to say that women tend to be leaders of sound change,
a notable exception in Philadelphia is Canadian Raising, where the raised nucleus of /aɪ/ is
being advanced by men in the white community (Labov, 2001, p. 242). In the Puerto Rican
data, this change in-progress is prevalent, but it is the women who lead both this change and
the indicator /eɪC/. Moreover, while men show the strongest effects of /ɔ/ lowering, women
have shown a linear trend toward lowering in apparent time as far back as data are available,
and they show socioeconomic stratification indicative of reversal. Unfortunately, a lack of data
from men born before 1965 in the dataset makes determining sex stratification in the time
course of the variable difficult. Did women initiate the change in-progress in the Puerto Rican
community only to have men advance it, or have men always been in the lead?
Some resolution to this question comes from observed trends in majority sound change. In
general, women are more likely than men to react negatively to a stigmatized variant (Labov,
2001, p. 295). Presuming that the social stigmatization of /ɔ/ also applies to the Puerto Rican
population, then the gradual lowering in apparent time and by socioeconomic status would
support this claim. If the men’s behavior is a reaction to stigmatization, then it would be
unusual for them to demonstrate greater sensitivity to social valuation than women. Moreover,
the Puerto Rican data suggest that women have developed more sophisticated socioeconomic
stratification and stratification by birth year for changes from below with no social awareness
than men have, so it is natural to assume they would be sensitive to overt stigmatization.
Rather, it may be that men have come to a different solution to the issue of stigmatization (i.e.,
merger), which has a greater impact on the spectral properties of the /ɔ/ vowel. Once merging
is adopted as the strategy, it makes sense that one would no longer see a linear decrease in
apparent time for the vowel height. Instead, one would expect a rapid fall of the vowel as it
combines with the space of /ɑ/. Thus, the observed increase in degree of lowering for men
relative to women for the stigmatized variable may be epiphenomenal, and women may indeed
be leaders in lowering.
If this is true, then women are in the lead for all three sound changes in-progress in the Puerto
Rican community. What does this mean in the context of minority participation in majority
sound change? Is it the case that adoption of majority variation change is restricted to more
general trends observed across multiple communities? That is, are exceptional trends in the
majority community (e.g., that men lead sound change) lost when the change diffuses to a local
minority population? Perhaps, but it seems more reasonable to assume that these exceptions
are simply that: exceptions to general principles of language change, or idiosyncrasies that may
disappear with more data. Under this assumption, then, Puerto Ricans—a local visible
minority population—are participating in greater Philadelphia’s sound changes par excellance.
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Chapter 6

S

Social network analysis of conversational speech

ocial groupings are indicative of one’s linguistic exposure and can provide
additional insight into the clustering of linguistic features beyond classical measures
of social membership such as age, sex, and socioeconomic status. In the case of the
current study, social network analyses can be utilized to explore the relationship
between an individual’s social connections and their sociodemographic reality as
well as the importance of exposure from members of one’s social network in predicting one’s
participation in the target sound changes in-progress.
While social network analyses have been utilized by sociolinguists since at least the 1970’s
(perhaps most notable in Milroy’s [1980] Belfast study and subsequent work on the variety
[e.g., Milroy & Milroy, 1985]), the advent of computers and their rapid growth in
computational power in recent years have permitted more complex and detailed analyses than
ever before. A variety of algorithms and network styles are available, with the preferred variant
primarily determined by research field. In linguistics, recent work by Dodsworth (2014) on
Raleigh English has employed cohesive blocking as a measure of network embeddedness
within a bi-partite or hierarchical network. Operating under the hypothesis that those who are
more nested within the social network (i.e., have denser connections to other individuals)
would have more exposure to Raleigh-like speech and thus be more likely to participate in
sound change, Dodsworth investigated five phonological variables indicative of a sound
change underway in Raleigh: the retreat from the Southern Vowel Shift. For three of these
variables, author found a positive correlation between embeddedness and degree of retreat
from the variant representative of the Southern Vowel Shift.
An aspect of sociolinguistic analysis that remains to be understood is how features of the
variables themselves may modulate the influence of nestedness on the participation in sound
change in-progress. With respect to the current study, for example, one might predict that
embeddedness would be more important for the adoption of /eɪ/ Raising, which is
geographically restricted to Philadelphia and a very early change in-progress, than it would be
for Canadian Raising, which is found in all social classes and geographic locales outside of
Philadelphia. In this chapter, I utilize a graph-theoretic approach to social network analysis
that, while compatible with previous work, makes use of distinct conventions in order to
explore the role of an individual’s embeddedness in a local network in their adaptation to
ambient linguistic variation.
Methodology and structural summary of the network
The social network was constructed by identifying two kinds of social connections: familial
connections (i.e., through consanguinity or marriage) and friendship connections (identified
during participant recruitment). Each participant in the study was assigned his/her own node,
and edges connected these nodes on the basis of the type of connection. For familial
connections, all two-way connections among members in the family were included as edges.
For friendship connections, only the direct connection between the individual and his/her
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friend was created. This was done on the assumption that friends of a friend and/or friends
of a family member are not necessary friends of oneself, though I acknowledge that this is
only an approximation of the true social network structure. In all cases, edges were not
directed, meaning that an edge a symmetric relation: if A is connected to B via an edge, B is
also connected to A. Additionally, loops were not permitted, meaning that the relationship
was not reflexive: in no case was a participant connected with himself/herself. In mathematical
parlance, the edge connection relation was both irreflexive and symmetric.
Graphs were constructed using a combination of the sna package (Butts, 2016) and the
ggnetwork package (Briatte, 2016) in R and plotted using ggplot2 (Wickham, 2009). Several
metrics were employed to prove the structural aspects of the network. To investigate the
likelihood that the social network formed a clique (i.e., a graph where each node is edge
connected to every other node), transitivity was calculated. Transitivity measures the likelihood
that the edge connection relation is transitive (i.e., the likelihood that if A shares an edge with
B and B shares an edge with C, then A shares an edge with C). For the current network, the
transitivity value was 0.55, indicating a moderate clique-like nature. Given the sampling
method (‘snowball’), this is perhaps unsurprising.
Of greater interest are two measures of the importance of a given node in the network
(centrality): betweenness centrality and eigenvector centrality. Betweenness centrality, which
measures how often a given node is a member of the shortest path between two other nodes,
has been utilized as an index of a node’s “control of communication” within a network
(Freeman, 1979, p. 224)—making it ideal for the current analysis. A related concept is
eigenvector centrality, which measures the degree to which a node is connected to other
well-connected nodes (Bonacich & Lloyd, 2015). The definition of eigenvector centrality
necessarily means that individual nodes with high eigenvectors will be found connected to one
another. For example, eigenvector centralities are used for website rankings and the calculation
of some academic journals’ impact metrics.
Given the differences in these two measures of network influence, their importance in the
adoption of ongoing sound change may be distinct. Broadly, betweenness centrality identifies
those with wider social networks who may have weaker connections to members in the
networks to which they are connected. Their nature as bridges among different networks could
increase the likelihood of exposure to novel linguistic variation, which could be propagated
through their extensive social network (cf. Labov, 2001, p. 364; Milroy & Milroy, 1985). If the
linguistic variation present in those subnetworks is markedly distinct (e.g., one network
strongly participates in and another strongly avoids a given change in-progress) and diffuses
to the speakers who serve as communicative bridges, then this may modulate their production
by blurring linguistic contexts and/or other conditioning factors. However, in the case where
the networks to which they are connected are similar with respect to a given variable, these
individuals should be quick to adopt changes in-progress, given that they have a higher
likelihood than other members in the network to be exposed to those variables and their
sociolinguistic conditioning.
In contrast to betweenness centrality, eigenvector centrality places great importance on the
linguistic variation present within an individual’s immediate subnetwork. These subnetworks
may serve as catalysts or barriers for linguistic change, depending on the linguistic variation
present within that subnetwork. For example, patterns of variation that show strong
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geographic restriction (e.g., /eɪ/ Raising) may not be as easily adopted in a given subnetwork if
that subnetwork is densely connected and the variation is not already present. That is,
individuals with stronger eigenvector centrality may be more likely to (1) retain more
traditional features when novel features are not present in their social network; but (2) quickly
acquire patterns of variation when it is present in their network.
The difference between these metrics is illustrated in Figures 6.1a-b, which plot each centrality
metric as binary binned relative to the median value (excluding zeroes). In Figure 6.1a, those
individuals that serve as bridges among clusters (i.e., Marta, Marilyn, Jacquelyn, Leticia H.,
Jessica) have higher overall betweenness centrality values. In Figure 6.1b, it becomes apparent
that the most strongly connected cluster in the network consists of Lisa and her immediate
connections. Thus, we would predict that those with high betweenness centrality scores should
be most advanced in terms of Canadian Raising, which occurs in multiple regions of the US
and in multiple social classes in Philadelphia, while those with higher eigenvector centrality
scores should be most advanced for /eɪ/ Raising, which is an early change in-progress that is
geographically restricted to Philadelphia.
In the following section, I investigate participation in each of the three sound changes inprogress described earlier in this thesis as a function of these network centrality metrics. First,
a social network graph highlighting those who are most strongly participating in the change
(as circles rather than triangles) is provided. Next, a linear approximation of the relationship
between each centrality measure and the dimension of variation for the change in-progress
(e.g., F1 for Canadian Raising) in the conversational speech data is provided.

Figure 6.1a. Social network of participants (n = 37) by betweenness centrality
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Figure 6.1b. Social network of participants (n = 37) by eigenvector centrality
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Sound change participation by network affiliation
Ey-Raising
Figure 6.2 indicates average height along the front diagonal in favorable environments in
conversational speech for each speaker in addition to their location within the network. The
highest and most fronted values of /eɪC/ are found in members of Lisa’s subnetwork: Jessica,
Tonya, Tina, and Lisa herself. Intermediate values are found in those connected to this
network through Jessica and Leticia H., demonstrating a clear network effect in the spread of
this variable within the Puerto Rican sample.
Figure 6.2. /eɪC/ height by social network

A more detailed picture of the relationship between network importance and one’s
participation in Ey-Raising can be found in Figure 6.3, which plot summary statistics for /eɪ/
by phonological context and centrality measure. There is a strong relationship between
eigenvector centrality and the adoption of Ey-Raising, to the effect that those who are closely
connected to the densest subnetwork (i.e., Lisa’s group) not only raise /eɪ/ the most in
favorable contexts, but also make the greatest spectral distinction by phonetic context. Indeed,
it could be argued that those with very low eigenvector centrality are not participating in the
change at all, which would highlight the importance of repeated exposure to this early sound
change in its adoption. In contrast, there is no clear relationship of betweenness centrality to
Ey-Raising. While Leticia H. and Jessica are both strong bridges in the network and appear to
be participating in the change, this propagates only weakly through their social networks.
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Figure 6.3. /eɪ/ height by phonological context and centrality measures

Canadian Raising
Unlike Ey-Raising, which is tightly connected to a subnetwork in the graph, Canadian Raising
is diffuse across the social network (see Figure 6.4). For example, Lisa’s subnetwork is spread
across those who raise and those who appear not to and, while Jake is connected to three
individuals with higher-than-average vowels in the favorable context (Cristian, Susie, and
Jocelyn), he does not share the same production patterns. Additionally, Leticia H., who is one
of the strongest adopters of Ey-Raising, appears not to participate in Canadian Raising to the
same degree. This agrees with the findings that Canadian Raising is found in all social classes
in the Puerto Rican dataset and is widespread in Philadelphia more generally (Labov, 2001, pp.
300–303), but it suggests that adoption of one of these changes does not necessarily imply
adoption of the others within the Puerto Rican sub-community.
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Figure 6.4. /aɪ0/ height by social network

Nota bene: F1 is inversely correlated to vowel height

The lack of a strong network effect is reflected in Figure 6.5. First, note that both eigenvector
centrality and betweenness centrality have similar relationships to Canadian Raising. As one’s
embeddedness within a subnetwork increases, the degree of separation between the two
phonetic contexts diminishes. In addition, the more an individual is likely to serve as a bridge
in the social network, the less likely they are to distinguish the two phonetic contexts. A key
observation in the Canadian Raising data as opposed to the Ey-Raising data is that in no case
does phonetic context cease to predict vowel height. That is, all speakers are participating in
the change to some degree, obviating the effects of social network.
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Figure 6.5. /aɪ/ height by phonetic context and centrality measures

Why those with denser connections and those who are more frequently connected to multiple
groups should show a diminished distinction may be due to the fact that they are exposed to
more variation in production than those with lower values. Some support for this can be found
in Jessica, who has a high eigenvector centrality and betweenness centrality and is connected
to individuals who make a strong distinction between the two phonetic contexts (e.g., Tonya,
Samuel) as well as to those who make a weaker distinction between those contexts (Leticia H.,
Sabrina). Additionally, Jacqueline, who has a high betweenness centrality, is connected
primarily to other people who make a robust distinction between favorable and disfavorable
phonetic contexts, but is also connected to Leticia H. and Marilyn, who do not. Relative to
her other connections, Jacqueline’s degree of raising is intermediary. Similar patterns can be
observed for Charlene, Sandra, and Jocelyn, among others.
OH-Lowering

For the stereotype, /ɔ/, an influence of social network is nigh inexistent (see Figure 6.6). Those
with the lowest vowels are spread throughout the social network, and the amount of spectral
variation across all participants is decidedly smaller with this variable than with Canadian
Raising, which may limit the ability to detect network effects.
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Figure 6.6. /ɔ/ height by social network

Nota bene: F1 is inversely correlated to vowel height

When the data are examined by centrality metric, no apparent link between /ɔ/ height and
centrality is apparent (see Figure 6.7). Initially, one might suspect a weak correlation between
eigenvector centrality and the degree of separation between /ɔ/ and /ɑ/, given that /ɑ/ appears
to be more raised for those with higher eigenvalue centrality. That is, it is possible that there
is a connection between being embedded in a network alongside other strongly connected
individuals and the likelihood of adopting the cot-caught merger. However, visual examination
would also suggest that any such effect is driven by a single outlier who is a member of the
densest subnetwork and clearly merges both phones: Jessica.
Despite Jessica’s strong COT-CAUGHT merger, few people she is directly connected to follow
suit, suggesting that other social factors influence the employment of this strategy (male,
younger, higher SES). While Jessica has a service occupation (second chef at a restaurant in
the northern suburbs of Philadelphia), and is thus a member of an interior social group, she is
one of the youngest participants in the dataset, with a birth year of 1997. Although merger is
most common in Puerto Rican males as a strategy to avoid stigmatization, Jessica appears to
be adopting this strategy as well. She, like many other younger females, has one of the lowest
/ɔ/ vowels, and is undoubtedly participating in the change in-progress, but in the case of the
social network analysis represents an outlier without whom any apparent correlation between
merger and network centrality all but disappears.
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Figure 6.7. /ɔ/ height by centrality measures

Correlation among sound changes in-progress
Thus far, the relationship of one sound change to another has been eschewed in favor of a
detailed analysis of each variable per se. However, these variables do not exist in a vacuum; they
are embedded within the greater community and represent changes simultaneously underway.
To what degree does participation in one change predict participation in another? Labov
(2001, pp. 373–381) finds that correlations vary considerably depending on the change in
question. For example, fronting of /oʊ/ and /uː/, which are advanced in Philadelphia, do not
show any correlation to the other variables that were analyzed, but /ð/-stopping is.
Additionally, Labov finds that /eɪ/-raising was correlated with several other new sound changes
involving /æ/ and /aʊ/ (2001, pp. 373–374).
In the current data, there is some evidence for correlation among the sound changes inprogress. When the variables are separated by phonetic context and style and then scaled via
z-scoring, the relative relationship of one to the other can be compared. Table 6.1 lists the
pairwise correlations of each speaker’s mean z-score for each variable in a favorable context
in conversational speech; the correlation coefficients are listed on the left half of the table and
the corresponding p-values are listed in the analogous location in the right half of the table. In
the conversational data, there is a positive correlation between /eɪ/ in a favorable context and
/ɔ/ (r = 0.31) that trends toward significance (p = .06; see Table 6.1). While the other pairwise
correlations are not statistically significant, their values are both positive, which suggests that
with additional data the correlations may well become stronger.
Table 6.1. Correlation among variables in favorable contexts (conversational speech)
/eɪC/
/aɪ0/
/ɔ/
1.00
p > .05
p = .06
/eɪC/
0.20
1.00
p > .05
/aɪ0/
0.31
0.19
1.00
/ɔ/
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To investigate variation by speaker, the raw data were used to construct confidence intervals
via nonparametric bootstrapping; confidence intervals were created by speaker and sound
change for the conversational data (in favorable environments for Ey-Raising and Canadian
Raising, but all tokens of /ɔ/ were used). For ease of presentation, speakers are divided by
age group as they were in the analysis of the CAUGHT-COT merger: those born after 1985
were formed the younger group and those born in 1985 or before formed the older group.
Figure 6.8a plots the 95% confidence intervals for each older speaker’s scaled values of each
variable; a vertical, dashed line marks the grand mean of the scaled data (i.e., 0). Within the
older speaker group, it is apparent that the variables are fairly tightly clustered: in most cases,
the 95% confidence intervals for each of the three variables overlap. Exceptions include
Samuel, who lowers /ɔ/ more than average (due to the COT-CAUGHT merger) but participates
in the other changes less than average (and to a similar degree); and Tina, who shows below
average participation in Canadian Raising, slightly above average participation in Ey-Raising,
and no deviation from the grand mean in in /ɔ/-Lowering. Additionally, while some speakers
show tight clustering among the three variables (e.g., Anthony, Lisa, Tonya), there are others
who range in participation quite considerably. For example, the confidence intervals for
Jocelyn cross zero for every sound change in-progress, but they span nearly the entire range
of z-values in the dataset. In general, the older speakers have production patterns that are
unlikely to deviate from the grand mean.
The trends are different for the younger generation relative to the older generation (see Figure
6.8b). First, the confidence intervals in the younger speakers are skewed to the right of the
grand mean. Moreover, only about a quarter of the younger speakers (n = 4/14 = 29%) have
all confidence intervals that cross the grand mean for all three variables compared to nearly
half of the older speakers (n = 10/23 = 43%). This is indicative of these changes in-progress
advancing in apparent time, and the greater spread in the younger speakers might suggest that
the pace of each change in-progress may not be identical. However, there is no clear
frontrunner with respect to sound change participation, as individuals appear to vary
considerably in the change in which they are most strongly participating. It is also true that
there is no case where a speaker participates in all three changes in-progress at a rate above
average, nor is there a single case where a speaker participates in all changes in-progress at a
rate below average. This suggests that despite individual variation, Puerto Ricans in
Philadelphia are advancing these sound changes in concert with one another as members of a
community.
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Figure 6.8a. Participation in sound changes in-progress (older speakers)
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Figure 6.8b. Participation in sound changes in-progress (younger speakers)
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Chapter summary
In this chapter, social network analysis was utilized to investigate the influence of one’s social
connections on their linguistic production. A social network was constructed on the basis of
participant-provided information, with the constraints that the edge connectivity relation was
symmetric (i.e., the graph was undirected) and irreflexive (i.e., loops were not permitted) and
that all pairwise connections on the basis of familial relationships (i.e., consanguineous or
marital) were included. Two graph-theoretic measures were employed to assess if the density
of one’s connections within their immediate subnetwork (eigenvector centrality) and/or the
frequency with which one serves as a social bridge between two other members of the network
(betweenness centrality) impacts one’s adoption of three sound changes in-progress.
I suggest that each graph metric elucidates a distinct potential influence on an individual’s
linguistic production. In the case of eigenvalue centrality, individuals who are connected to a
dense subnetwork likely receive the majority of their input from that subnetwork. Those
subnetworks may resist or promote linguistic change, depending on the variation already
present within them. In contrast, betweenness centrality identifies individual with many
connections to other subnetworks, who by definition have variegated input from the other
networks to which they are connected. If the linguistic variation present in those subnetworks
is markedly distinct (e.g., one network strongly participates in and another strongly avoids a
given change in-progress) and diffuses to the speakers who serve as communicative bridges,
then this may modulate their production by blurring linguistic contexts and/or other
conditioning factors.
Overall, I find that the social value and geographic or sociodemographic ubiquity of a change
in-progress modulate the importance of social network metrics on adoption of that change.
For Ey-Raising, which is geographically restricted to Philadelphia and is under the level of
social consciousness (i.e., an indicator), there was a strong association between eigenvector
centrality and one’s degree of raising: those who were directly connected the densest
subnetwork were most likely to participate in the change. For Canadian Raising, which is
geographically and sociodemographically widespread, there was a negative relationship
between both network metrics and the spectral distinction between favorable and disfavorable
phonetic contexts in terms of vowel height. Individuals embedded in dense subnetworks and
individuals who are connected to many other networks showed the smallest distinction by
linguistic conditioning environment, though all individuals appeared to make the distinction
and thus participate in the change in-progress. Finally, for the stereotypical raised /ɔ/ which
has begun lowering back to its earlier height, no effect of social network was found.
When the data were analyzed by individual, it was apparent that language change has occurred
within the Puerto Rican community. While speakers from the older subgroup in general
showed participation in each change at rates not different from the overall grand mean, the
data for younger speakers were skewed to the right, indicating greater-than-average
participation in the change in-progress and advancement of the change within the community.
Despite individual variation by variable, there was evidence that Puerto Ricans in Philadelphia
as a speech community are advancing these sound changes, and they appear to be doing so as
a unit rather than as a mass of individuals.
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Chapter 7

T

Concluding remarks, and future directions

he results of the current research shed new light on a burgeoning line of research:
the role of minority populations in language change and in the linguistic
consequences of language contact. Data from the Puerto Rican community in
Philadelphia, a visible minority population embedded within a racially segregated
and otherwise well-studied speech community, were used to investigate the minority
population’s participation in sound changes underway in the majority white population. These
changes in-progress were selected to have varying degrees of social valuation within the white
community and to not be advancing in the local black community (the other major visible
minority group in Philadelphia). Ey-Raising, an indicator, is a female-led change geographically
restricted to Philadelphia that lies under the level of social awareness. Canadian Raising
(specifically, raising the PRICE vowel preceding voiceless codas), is a marker present in many
areas of the northern United States, which in Philadelphia shows style shifting but no clear
independent effects of socioeconomic status. Curiously, the change in-progress is being led by
men in the white population in Philadelphia, although there is evidence that women lead the
change elsewhere (e.g., Detroit; cf. Eckert, 2000). Finally, /ɔ/ lowering is a stereotype wherein
a raised mid-high or high variant of /ɔ/ has reversed its trajectory and is lowering toward its
original height, which is also present in New York and likely driven by a desire to distance
oneself from stigmatized, working-class speech in that area.
Making waves, or down the cascade?
Puerto Ricans in Philadelphia have adopted each of the target sound changes in-progress, with
only minor exceptions. Of particular interest is the adoption of /eɪ/ raising, which is a
phenomenon unique to Philadelphia (Fruehwald, 2013; Labov et al., 2013; Prichard &
Tamminga, 2012). That this change in-progress is not reported to occur elsewhere, yet
minority speakers have adopted it, casts doubt on the cascade model. The finding that
professional women (n = 2) raise all tokens of the vowel could be seen as some support for a
hierarchical model in that the variable is improperly diffused to that subgroup, but this would
not account for the rest of the speakers who successfully distinguish the two variants. The
data do support a wave model of diffusion, in that Puerto Ricans, who live near to the
epicenter of many of these changes in-progress, appear to be adopting them to a degree similar
to the white population. The change is more prevalent in women than in men, suggesting that
there may be a relative delay in Puerto Rican adoption of changes in-progress. If we assume
that Ey-Raising represents an incipient change in the Puerto Rican community, then the results
of the social network analysis would also support a wave model of language change
propagation. As the distance from of those with the highest and most fronted /eɪC/ in
favorable contexts (i.e., eigenvalue centrality) decreases, one’s likelihood of participation in the
change in-progress likewise decreases.
It would be incorrect to state that any delay in Puerto Ricans’ adoption of Ey Raising is
attributable to minority status per se (cf. Guy Bailey et al., 1993, p. 366). Rather, it seems more
likely that racial segregation, which has circumscribed their social reality and constrained their
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exposure to white speech, has deprived them of access to the usage patterns indicative of the
sound changes in-progress.
Lack of employment and reliance on limited government aid for subsistence inhibits one’s
ability to travel (to Center City or the surrounding area), which, combined with the staggering
geodemographic segregation in Philadelphia (e.g., Massey & Denton, 1993), may consequently
minimize exposure to white speech. Ergo, it is likely that unemployed Puerto Ricans receive
scant exposure to this variable. Moreover, only half of the unemployed Puerto Ricans in the
dataset (n = 6) report enjoying going downtown to begin with (not including the Museum
District, which is adjacent), which might suggest an orientation toward blacks and Puerto
Ricans closer to their neighborhood blocks. It seems probable that the bulk of their exposure
to the variable lies in their interactions with Puerto Rican friends who spend more time around
whites than they do (see also Celeste, a central figure in a loosely connected social network
who shows the highest rate of Ey raising; Labov, 2001, p. 350). That they nonetheless have
adopted subtle patterns of variation that lie under the level of community awareness provides
strong evidence for the regular participation of minority speakers in majority change.
The data from Canadian Raising suggest that Puerto Ricans may have amplified the change,
advancing it further even than the majority, white population. Puerto Rican men and women
show a strong distinction between raised and lowered variants, and women show evidence of
linear incrementation in apparent time. Men also show an emergent effect of apparent time,
but only in read speech, where both variants are higher than in conversational speech. Puerto
Ricans exaggerate Canadian Raising in read speech, as expected, and this interacts with the
birth year effect. For men, it reveals that style shifting may be an emergent phenomenon while
for women it is a longstanding feature of their phonology. Furthermore, the lack of
socioeconomic stratification suggests that the variable has spread to all socioeconomic strata
in the Puerto Rican community. Contrariwise, the male-dominated Canadian Raising in the
white population shows strong sex-differentiated socioeconomic stratification, which suggests
that spread of the variable is still constrained by these factors. Thus, it does not seem
unreasonable to claim that Puerto Ricans are more advanced in their use of Canadian Raising.
Why would a minority speech community catalyze and advance a change in-progress? In
contrast to Ey-Raising, which is an indicator that shows no overt stylistic stratification,
Canadian Raising is a marker prevalent in all social classes. Its limited social valuation may
facilitate adoption of this feature as the change diffuses outward, resulting in accelerated
propagation relative to the local epicenter. That is, the social awareness indicated by style
shifting may serve as an amplifier of the change in the local minority population (see also Guy
Bailey et al., 1993). This is not inconsistent with a wave model of diffusion, but does raise
questions for a strict hierarchical model, which cannot easily account for catalyzation outside
the epicenter of the change in-progress.
The most difficult data to situate in current models of transmission and diffusion is the variable
adoption of /ɔ/ lowering. This is because men and women appear to have developed distinct
strategies to avoid stigmatization. Women show a more traditional pattern for linear
incrementation, indicating that they trend toward lowering the vowel in apparent time. They
also show no effect of style shifting, which could indicate that (a) they are not sensitive to the
stigmatization of the variable—which seems improbable—or (b), that the reaction to
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stigmatization is generalized across styles. The latter seems more likely, as women also show
lower vowels as socioeconomic status increases. Men, in contrast, have uniformly adopted
merger as a strategy to avoid stigmatization. Younger males (n = 6) appear to be in the early
stages of merging the COT and CAUGHT vowels, which obscures the stigmatized /ɔ/ behind the
/ɑ/ vowel.
Is the sex differentiation in strategies for minimizing stigmatization indicative of incomplete
diffusion of the variable to the local minority community? Possibly. The dual behavior of this
variant within the Puerto Rican community at once provides support for a hierarchical or
cascade model and for a wave model of language change. The Puerto Rican data suggest that
diffusion of this variable is complex phenomenon that has touches of both hypothesized
patterns of diffusion. This is similar to the spread of a novel, lax variant of the vowel in POOL
in Oklahoma, where the lax vowel spreads outward from urban centers as the variable spreads
from city to city (Guy Bailey et al., 1993, pp. 379–382).
In general, findings from Puerto Ricans in Philadelphia provide more support for a wave
model of diffusion than they do for a hierarchical model. However, stereotyped variables
appear to be complex, and their diffusion to the Puerto Rican community is split along speaker
sex. What is clear is that the minority population is adopting the changes in-progress, including
many of their conditioning factors, despite geographic and social distance from the source of
these changes.
On the incipient COT-CAUGHT merger in Puerto Rican males
Clopper et al. (2005) suggest that younger speakers may be in a transitional state toward merger
of /ɔ/ and /ɑ/. Merger was more apparent for Mid-Atlantic males than it was for females, who
were more variable in their pronunciation of /ɔ/ (Clopper et al., 2005, p. 1668). These findings
coincide with the Puerto Rican data. Are the men adopting geographically wider patterns of
variation at the expense of local patterns? Are they being influenced by black speech? In
Pittsburgh both black and white populations merge the two vowels (Eberhardt, 2008), and
there is evidence that blacks in Columbus, Ohio are participating in the merger as well (Durian
et al., 2009; Thomas, 1989). That said, the merger is less common in black speakers than in
white speakers in general (Thomas, 2007), so their adoption of merger cannot solely be an
influence of AAE. Rather, it is likely that regional production patterns influence their tendency
to adopt merger as a solution to the issue of stigmatization.
Adoption of changes in-progress: A bilingual and/or a minority advantage
The Puerto Rican data capture geographically isolated patterns of linguistic variation,
concomitantly pointing to general principles of linguistic change. Puerto Ricans in Philadelphia
have largely adopted Ey-Raising, a change in-progress only known in that metropolitan area,
which suggests they are sensitive to variation present in the local environment. Additionally,
there is evidence that Philadelphia Puerto Ricans have integrated extra-local variation into their
phonology: they appear more advanced in their use of Canadian Raising than the white (mostly
monolingual) majority, and several of them are utilizing the COT-CAUGHT merger to avoid the
stigmatized variant of /ɔ/. Together, these findings suggest that they are able to balance
competing phonological systems with relative ease. Are the observed results attributable to the
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minority status of Puerto Ricans in Philadelphia, or is their bilingualism a driving factor in
their enhanced linguistic sensitivity? Without data from a bilingual majority population as a
point of comparison, current study cannot adequately disentangle these two factors.
Nonetheless, some predictions of both will be discussed as an invitation for future research.
Taking into consideration that Canadian Raising is present in other regions of the US and
North America, but with distinct sociolinguistic conditioning, and given that their status as a
visible minority group marginalizes them to begin with, it is plausible that Puerto Ricans are
more likely than whites to be influenced by variation from all geographic regions to which
they may be exposed. That is, their status as liminal individuals—existing on the threshold
between multiple ways of speaking and distinct social realities—may lead them to be more
adaptable to variation than majority speakers, who can take for granted that their speech is
canon within the confines of their majority environment (in this case, Philadelphia). Such a
conjecture would also explain the young men’s adoption of the COT-CAUGHT merger as a
solution to the stigmatization of raised /ɔ/, as this merger is prevalent outside of Philadelphia
as well. That the women have not yet adopted the merger may be indicative of even greater
social sensitivity within the geographic environment in which they live.
In the second chapter of this thesis, evidence was provided that the participants in the current
study are not simply Hispanic-accented speakers of English. Rather, their English is fluid and
native-like. In most cases, the participants grew up speaking English, and their Latino heritage
would not be readily apparent to a naïve listener. With respect to the sound changes underway
in the greater Philadelphia community, large-scale transfer from Puerto Rican Spanish to
Puerto Rican English is thus an unlikely source for the observed production patterns. But
bilingualism is much more than simply having access to two languages: bilingual individuals
lie at the intersection of multiple cultures and worldviews and by virtue of these experiences
may be more sensitive to social and linguistic variation than monolinguals.
On a cognitive level, bilingualism is a complex juggling act in which individuals leverage
cognitive resources to suppress competition in order to speak as intended. The continual
suppression of linguistic competition by bilingual individuals over the lifespan has been argued
to afford bilinguals cognitive advantages relative to monolinguals (cf. Bialystok, Craik, & Luk,
2012; Calvo & Bialystok, 2014; Kroll & Bialystok, 2013; Kroll, Bobb, & Hoshino, 2014; Kroll,
Dussias, Bice, & Perrotti, 2015; Kroll & Dussias, 2017), among which heightened linguistic
sensitivity might be included (cf. Bialystok, Majumder, & Martin, 2003; Spinu, Hwang, &
Lohmann, 2016). Such claims are hotly debated (see Bobb, Wodniecka, & Kroll, 2013 inter
alia), in part because bilingual is a difficult term to pin down, but also because bilinguals’ life
experiences are extremely varied: encountering a homogeneous sample that is also ecologically
valid is exceptionally difficult. If bilingualism does offer domain-general cognitive advantages,
it would stand to reason that bilinguals should be leaders of sound change relative to
sociodemographically matched monolinguals in a given speech community. If not, then
cognitive differences among individuals may still modulate those individuals’ interaction with
linguistic variation and the integration of that variation into their own production, which
would thus be a fruitful avenue for future research.
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Dēsīderātum: On the mechanisms for the propagation of linguistic change
How can linguists predict those individuals who are likely to be leaders of change? A wealth
of research has shown that certain social categories, which impact interpersonal interaction,
broadly influence the relative adoption of language change in the surrounding community.
Moreover, one’s social network, which is indicative of one’s linguistic exposure, appears to be
of use in predicting the adoption of sound change. However, little is known about the
mechanisms individuals within any of these subgroups or social networks actually employ to
process speech, nor has much research investigated how an individual’s cognitive processing
strategies influence their interaction with linguistic variation in their environment. In this
section, I will briefly sketch a hypothesis regarding the connection between cognition and
linguistic variation, in turn generating additional hypotheses for the propagation (i.e.,
transmission and diffusion) of sound change.
A central tenet of usage-based approaches to linguistics (e.g., Bybee, 2001, 2002; Bybee &
Hopper, 2001; Tomasello, 2003, 2009) is that the mechanisms that shape and help speakers
navigate linguistic structures find their origins in domain-general cognitive functions. A
consequence of this assumption is that the same mechanisms utilized to resolve conflict in the
environment must also be brought to bear on the resolution of quotidian competition among
multiple variants of the same linguistic variable.30 Individuals begin their experience with
language through acoustic perception and (later) production. Not long thereafter, speaking
and listening become integral and enduring components of one’s daily life and existence as a
member of a community. Nonetheless, language is an inherently variable system rife with
competition at every level of linguistic structure. Thus, describing the relationship among
domain-general cognitive mechanisms and the resolution of linguistic variation is a central
problem in language science. Furthermore, the research that has been conducted over the last
decade has nearly always focused on how cognitive mechanisms guide selection among
syntactic and lexical variants, or how the same mechanisms might dredge larger multivariate
constructs—as is the case with regulating perspectives or efficiently managing entire languages.
The plasticity of phonological categories
When compared to the growing academic inquiry into the question of how domain-general
mechanisms influence language processing, less work has investigated how cognitive
mechanisms may be engaged to resolve variation below the lexeme. However, language may
be most variable precisely in phonetics and phonology since, unlike with lexical and syntactic
variables, acoustic information fluctuates across multiple, continuous dimensions
simultaneously (e.g., time, space, distributions of energy in the acoustic spectrum). Despite the
ocean of variation occasioned by the very nature of speech, individuals have an astounding
capacity to resolve competition among phones and to normalize variation within a single
phonological category.
Perceptual boundaries for phonological categories are plastic and dynamically update in
response to the listener’s phonetic input (e.g., Kraljic, Brennan, & Samuel, 2008; Kraljic &
30

This is not to say that nativist approaches per se preclude a domain-general mechanism for resolving linguistic
variation. Rather, I refer to usage-based approaches of language because domain-general cognitive mechanisms
are a central element of many of those theories.
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Samuel, 2005, 2007 ), but also to his or her expectations regarding that input (e.g., Magnuson
& Nusbaum, 2007). Listeners readily normalize phonological boundaries by talker, including
when multiple talkers are present in the environment (Magnuson & Nusbaum, 2007; Maye,
Aslin, & Tanenhaus, 2008; Schertz, Cho, Lotto, & Warner, 2016; Trude & Brown-Schmidt,
2012). Listeners can interpret foreign or nonstandard accents, even when the nonstandard
speech differs considerably from any variety they have heard before (e.g., Baese-Berk,
Bradlow, & Wright, 2013; Bradlow & Bent, 2008; Schertz et al., 2016; Trude, Tremblay, &
Brown-Schmidt, 2013; Weber, Betta, & McQueen, 2014). Moreover, phonological variation
present in a listener’s input can rapidly influence their own production, indicating that
production boundaries have some degree of plasticity as well. Speakers have been found to
modulate both phonotactics governing their speech (cf. Kittredge & Dell, 2016) and the
boundaries between phonological categories (Kraljic et al., 2008; Kraljic & Samuel, 2005, 2007)
in response to their auditory input31.
The prevalence of variation in phonetics and phonology provides an ideal context in which to
investigate how domain general cognitive mechanisms may be engaged to process
phonological variation and modulate the influence of phonological competitors. Lev-Ari and
Peperkamp (2014) used linguistic and nonlinguistic measures of inhibition to investigate how
inhibitory control modulated phonological competition in French. Participants performed a
lexical decision task (LDT) on stimuli where the VOT of a voiceless stop was normal or
shortened. Of the stimuli, half had phonological competitors with a voiced stop in the same
position (e. g., coté ‘listed’ vs. codé ‘coded’). Participant performance on the LDT was
modulated by the presence of a phonological competitor, but also by inhibitory control:
individuals with weaker inhibitory skill were faster to respond to words with a voiced
phonological competitor, which has low or negative VOT in French, and the stimuli with
shortened VOT. Additionally, the linguistic and non-linguistic tasks correlated with one
another, suggesting that the cognitive mechanisms that participants utilized were domaingeneral.
Similar results have been found regarding global competition across a bilingual’s two
languages. Darcy et al. (2016) assessed how working memory, attentional control, and
processing speed influenced acquisition of five second-language phonological contrasts in
Korean learners of English (in addition to other phonological properties, such as English
phonotactic recognition). Broadly, the researchers found that better performance on working
memory tasks correlated positively to more native-like phonological production (i.e., better
inhibition of L1 categories) in their L2. Additional support for this notion is found in Lev-Ari
and Keysar’s (2014) study. The researchers conducted three experiments investigating how
working memory influenced lexicosemantic competition in bilinguals. Under an inhibitionoriented framework, they hypothesized that weaker inhibitory abilities render perceivers more
susceptible to co-activation of lexicosemantic competitors; this is believed to occur both
within and across languages present in a single mind. They found that bilinguals with weaker
executive function demonstrated increased co-activation among lexical and semantic
31

I refer here to phonological production, but it is worth noting that there has been rapidly growing academic
interest over the last decade regarding how individuals modulate their phonetic production in response to their
input (phonetic convergence or accommodation). I do not discuss this research in more detail because much of
this work approaches variation along a single dimension within a single phonological category rather than across
category boundaries.
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competitors, and they found evidence that executive function influences bilinguals’ perception
of those concepts themselves (Lev-Ari & Keysar, 2014, pp. 257–258). Finally, Lev-Ari and
Peperkamp (2013) tested the production of English-French bilinguals who were immersed in
France, finding that as inhibitory control decreased, participants produced voiceless stops with
(VOT) more intermediate between that of comparable English and French monolinguals.
Taken together, these findings suggest that that executive control is implicated in resolving
linguistic competition, and that higher control reduces competition within and across
languages. Furthermore, they provide support to the claim that an approach to language
variation bolstered by a theory of cognitive control may provide a crucial link between local
and global levels of linguistic structure.
Sifting variation with dual mechanisms of cognitive control
A modern reinterpretation of cognitive control subdivides control into two related, but
independent strategies: proactive and reactive control. Proactive control refers to the cognitive
mechanisms individuals use to guide processing and monitor cues in their environment.
Typically, proactive control strategies are top-down, rule-oriented strategies that are influenced
by previous experience or predictions regarding the input in one’s environment (cf. Braver,
2012; Braver, Gray, & Burgess, 2007). For example, proactive control might be used to avoid
delicious, yet unhealthy foods at the supermarket when one is on a diet. In contrast, reactive
control refers to the cognitive mechanisms individuals engage transiently in order to react to
or suppress a competitor in mediīs rebus (Braver, 2012). Following the previous example,
reactive control would be utilized when an unhealthy food item is noticed in the shopping cart
and one remembers they are on a diet, causing them to place the item back on the shelf.
Importantly, reactive control is primarily stimulus-driven, while proactive control is primarily
cue- or expectation- driven. The Dual Mechanisms of Control (DMC) framework postulates
that conflict resolution, and thus the competition among multiple variants, is modulated by
these two types of strategies (cf. Berry, 2016; Braver, 2012; Braver & Barch, 2002; Braver et
al., 2007).
A dual mechanisms framework has two advantages over a standard conflict monitoring
framework (e.g., Botvinick, Braver, Barch, Carter, & Cohen, 2001). First a dual mechanisms
framework is more parsimonious than more traditional approaches yet is still compatible with
the underlying assumptions of many of those approaches. Rather than divide cognitive control
into a multitude of executive functions, each determined by a multitude of tasks, the dual
mechanisms framework subdivides cognitive control into only two operating modes. This
condensed, yet nonetheless complete approach to cognitive control permits linguists to
feasibly include representative behavioral tasks to complement linguistic experiments rather
than making those tasks the primary focus. Consequently, more research can be done
investigating how cognitive control is used to regulate variation among linguistic structures as
opposed to inferring that relationship based on control differences among two populations
(e.g., bilinguals vs. monolinguals). On this note, the second advantage provided by a dual
mechanisms framework is that it generates novel predictions regarding how cognitive
mechanisms might be engaged to influence not only competition among language structures,
but in one’s perception and integration of those structures (see also Berry, 2016; Lev-Ari &
Keysar, 2014).
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Cognitive control and the adoption of sound change
Changes in-progress require individuals to flexibly adapt to subtle modulations of probabilistic
tendencies and competition among linguistic distributions in their environment. For example,
when sound changes begin, they often preferentially affect certain phonetic environments
(e.g., /eɪ/ raising in closed syllables). Individuals who first adopt these changes may be those
who best distinguish the two variants and the contexts where the novel variant is preferred.
Individuals who best recognize phone/context pairings may also be those who rely on context
when processing language. For example, those with weaker proactive control mechanisms may
be more easily biased by contextual information than those with stronger proactive control,
by virtue of having less experience engaging top-down control mechanisms to guide
processing. This could translate to less perceptual compensation in phone/context pairings,
concomitantly resulting in a higher incidence of hypercorrection (e.g., Ohala, 1993, 2003).
Similarly, the linguistic environment of a change-in-progress includes many speakers who
completely adopt these changes and others who partially do so. Individuals with stronger
reactive control should more strongly compensate for variation in their input, reducing the
likelihood of perceiving a novel phone and resulting in a lower incidence of hypocorrection
(cf. Ohala, 1993). In these cases, proactive and reactive control may work in tandem (stronger
mechanisms impede adoption of the change).
A proof of concept: Simulated sound change
To investigate the influence of proactive and reactive control strategies on the integration of
phonological variation, and thus on the propagation of variation more generally, a novel
experimental paradigm was devised to simulate small-scale sound change in a laboratory
setting (Berry, 2017). The paradigm used in the current study derives in part from Kittredge
and Dell’s (2016) work on phonotactic integration: participants alternated between (1) blocks
where they heard a model talker speak a series of words; and (2) blocks where they read the
same words aloud. Crucially, a sound change was gradually embedded over the course of the
listening blocks, which affected only a single, phonetically unmotivated context (the vowel /ɪ/
preceding voiceless coronal codas). Their production patterns were then compared to indices
of proactive and reactive control derived from three standard tasks (see Figure 6.1): (1) the
AX-CPT (cf. Berry, 2016; Braver & Barch, 2002; Braver et al., 2007); (2) a modified version
of the Stroop task (cf. Gonthier, Braver, & Bugg, 2016), and (3) a modified n-back task with
lures (cf. Kane, Conway, Miura, & Colflesh, 2007; Novick, Hussey, Teubner-Rhodes,
Harbison, & Bunting, 2014). Task selection and the measures used to index proactive and
reactive control were based on recent research investigating cognitive processing under a dual
mechanisms framework, and the interrelationships among these measures was evaluated via
confirmatory factor analysis and principal component analysis.
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Figure 6.1. Outline of laboratory sound change experiment
x5

Baseline
Production

Exposure

Production

Behavioral Tasks
•Modified Stroop
•AX-CPT
•n-back with Lures

The production blocks were identical to the baseline block, but participants always followed a
listening block where they both saw the stimuli with standard orthography and heard the
model talker produce that word. Stimuli were presented visually in the listening blocks to
increase the likelihood that the participants would not misperceive stimuli containing the novel
vowel as new words but rather as tokens of the same word. Furthermore, the percentage of
novel stimuli in the listening blocks systematically changed over the course of the experiment.
In the first listening block, participants heard all 80 stimuli, with targets in favorable
environments being pronounced identically to the expected pronunciation (i.e., with the /ɪ/
vowel). In each subsequent listening block, the number of targets in favorable environments
that were produced with the novel [ɛ] variant was increased by 25% (i.e., nnovel = (0, 5, 10, 15,
20)). Thus, by the final listening block, participants heard 100% of the targets in favorable
environments with the novel [ɛ] variant. The order in which subsets of the favorable tokens
were assigned the novel pronunciation was randomized by participant. Furthermore, a word
pronounced with the novel variant in any given block was also pronounced with the novel
variant in all subsequent blocks in order to allow the possibility of word-specific effects on the
contextually-embedded sound change—which would be assumed under a lexical diffusion
model (Bybee, 2002; Labov, 1994; Wang, 1969).
Figure 6.2 plots the results by reactive control, with the 66 participants split into two groups
based on their performance on the behavioral tasks32. A highly significant effect was found for
reactive control, such that speakers with weaker reactive control very quickly integrated the
lowered variant into their own production—but only in the context in which the lowered
variant occurred. Concomitantly, they raised tokens that were previously heard with the
traditional vowel, unwittingly separating their vowel category by phonetic context.
Figure 6.2. /ɪ/ height by block, variant previously heard, and reactive control group

32

See Berry (2017) for more a detailed description of the methodology and analysis.
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This study provides evidence in support of the limited previous work investigating cognitive
factors that influence language processing and the resolution of phonological variation (e.g.,
Lev-Ari & Keysar, 2014; Lev-Ari & Peperkamp, 2013, 2014), in that weaker executive function
appears to facilitate the adoption of novel variants. This may suggest that weaker control leads
to less efficient resolution of competition. While previous work may imply weaker cognitive
control as undesirable, this study suggests that individuals with weaker executive function
(specifically, weaker reactive control) might be those most likely to alter their speech in
response to variation present in their input. That is, weaker control might lead to negative
effects in some areas (e.g., lexicosemantic competition), but positive effects in others (e.g.,
integration of variation in one’s input). Combined with minority populations, who may have
weaker connections to the local majority variety and also be more likely adopt features that
are geographically more widespread, continued investigation of the influence of cognitive
processing strategy on the integration of linguistic variation appears likely to be a fruitful area
of future research.
Looking forward
Variation is an essential property of language, and the abundant diversity in usage patterns
within and across the world’s languages contributes to our own diversity as individuals and
members of communities. Identifying factors that influence how language variation
propagates from individual to individual and causes linguistic structures to change is a central
issue in sociolinguistics and diachronic linguistics (Weinreich et al., 1968). Isolating the factors
that condition variation—particularly those that are shared across multiple sectors of society
and across multiple speech communities—is essential for understanding what it means to be
human.
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A solution to these conundrums is unlikely to be found in the places sociolinguists often look.
On the one hand, visible minority speakers in the current study, hitherto neglected in research
on language change, have been demonstrated to adopt subtle linguistic conditioning of sound
changes at multiple levels of social awareness in the majority community, which adds to a
growing body of evidence against the erstwhile claim that minority speakers do not participate
in majority change, or that they only have access to a limited subset of features in the change
in progress (e.g., Labov, 2001, p. 506, 2014, p. 18). This speaks to the inherent value of
investigating diverse subsectors of society in relation to majority speech patterns in order to
gain insight into the overall structure of language in its natural, social context. On the other,
the transmission and diffusion of language change necessarily involves cognition and cognitive
processing, but the cognitive mechanisms guiding the processing of linguistic variation are
desperately underexplored. Nonetheless, a small-scale study simulating sound change in the
laboratory found strong evidence that reactive control influences the tendency for speakers to
integrate variation in their input and utilize it in their subsequent production.
To date, sociolinguists and psycholinguists have yet to collaborate in earnest to take advantage
of their mutual skillset to whittle away at this veritable treasure trove of unanswered questions.
Interdisciplinary approaches to linguistic variation occasioned by collaboration across
historically disparate subfields of linguistics—particularly those that incorporate laboratory
methods in naturalistic settings—provide the opportunity to visualize these longstanding
problems in a new light and break new ground in the study of language variation and change.
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Appendix A: Demographic Survey
Philadelphia Research (Spring 2017)
Start of Block: Basic Info

B1.1 What is your first name?
________________________________________________________________

Q23 What is your Participant Number? (Ask the researcher if you don't know)
________________________________________________________________

B1.2 What year were you born?
________________________________________________________________

B1.3 With which gender do you identify?

o Male (1)
o Female (2)
o Other (Specify if you like) (3)

________________________________________________
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B1.4 What ethnicity is your partner, if you have one?

o African American (1)
o Caucasian (White) (2)
o Puerto Rican (3)
o Other Hispanic (4)
o Mixed/Other (5)
o I am single (6)
End of Block: Basic Info
Start of Block: Block 5
Start of Block: Address

B3.1 Where do you currently live? Please list the nearest intersection. (for example, 5th and
Diamond)
________________________________________________________________

B3.2 What year did you move there?
________________________________________________________________
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B3.3 How long have you lived in Philadelphia and/or the surrounding area?

o My whole life (1)
o Since elementary school (2)
o Since high school (3)
o Since college (4)
o Other (please specify) (5)

________________________________________________
End of Block: Address
Start of Block: Work/Life

B4.1 What do you do for work?

o Student (1)
o Unemployed (2)
o Other (Please specify) (3)

________________________________________________

B4.2 Where do you work? (List the neighborhood or a nearby intersection). If you do not
work, list NA
________________________________________________________________

B4.3 Do you regularly attend a local church, synagogue, mosque, etc.? If so, which one?

o Yes (list the name) (1)

________________________________________________

o No, I do not attend a local place of worship (2)
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B4.4 Which areas do you most like to spend time in? Click them on the map below. (Choose
up to 5)

End of Block: Work/Life
Start of Block: Childhood

B5.1 Where did you grow up? If possible, please list the nearest intersection. If you moved
around, please indicate the place where you lived the longest.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

B5.2 What high school did you go to?
________________________________________________________________
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B5.3 What kind of school was it?

o Private (Catholic) (1)
o Private (Non-religious) (2)
o Charter (3)
o Public (4)
o Other (please specify). (5)

________________________________________________

B5.4 What middle school did you go to?
________________________________________________________________

B5.5 What kind of school was it?

o Private (Catholic) (1)
o Private (Non-religious) (2)
o Charter (3)
o Public (4)
o Other (please specify). (5)

________________________________________________
End of Block: Childhood
Start of Block: Language Experience
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B6.1 What percentage of the time did your parents speak to you in each of these languages
growing up?
English : _______ (1)
Spanish : _______ (2)
Other : _______ (3)
Total : ________

B6.2 What percentage of the time did you speak these languages growing up?
English : _______ (1)
Spanish : _______ (2)
Other : _______ (3)
Total : ________

B6.3 What percentage of the time do you speak these languages now?
English : _______ (1)
Spanish : _______ (2)
Other : _______ (3)
Total : ________

B6.4 Which language do you prefer to use?

o Spanish (1)
o English (2)
o Both (3)
o Other (4) ________________________________________________
End of Block: Language Experience
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Appendix B: Elicited Stimuli
Variable
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/aɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/
/eɪ/

Variant
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel

Word
alike
bites
delight
delightful
dice
fights
height
heights
hike
mice
nicely
nightmares
pipes
precise
sights
slice
slight
spice
spite
strikes
stripes
types
unlike
wiped
writes
arrives
bribe
buys
cries
crimes
decides
define
described
dime
disguise
divine
fried
fries
kindly
knives
lined
mines
online
pine
rides
skies
spine
tide
ties
tribe
ape
baked
betrayed
bracelet
brakes
breakdown
chains
chased
claimed
debate
disgrace
drain
embrace
engage

CPSAMPA
Transcription
5.l.aI.k
b.aI.t.s
d.I0.l.aI.t
d.I0.l.aI.t.f.l
d.aI.s
f.aI.t.s
h.aI.t
h.aI.t.s
h.aI.k
m.aI.s
n.aI.s.l.i
n.aI.t.m.Er.z
p.aI.p.s
p.r0.I0.s.aI.s
s.aI.t.s
s.l.aI.s
s.l.aI.t
s.p.aI.s
s.p.aI.t
s.t.r0.aI.k.s
s.t.r0.aI.p.s
t.aI.p.s
V.n.l.aI.k
w.aI.p.t
r0.aI.t.s
5.r0.aI.v.z
b.r0.aI.b
b.aI.z
k.r0.aI.z
k.r0.aI.m.z
d.I0.s.aI.d.z
d.I0.f.aI.n
d.I0.s.k.r0.aI.b.d
d.aI.m
d.I0.s.g.aI.z
d.I0.v.aI.n
f.r0.aI.d
f.r0.aI.z
k.aI.n.d.l.i
n.aI.v.z
l.aI.n.d
m.aI.n.z
A.n.l.aI.n
p.aI.n
r0.aI.d.z
s.k.aI.z
s.p.aI.n
t.aI.d
t.aI.z
t.r0.aI.b
eI.p
b.eI.k.t
b.I0.t.r0.eI.d
b.r0.eI.s.l.5.t
b.r0.eI.k.s
b.r0.eI.k.d.aU.n
tS.eI.n.z
tS.eI.s.t
k.l.eI.m.d
d.I0.b.eI.t
d.I0.s.g.r0.eI.s
d.r0.eI.n
E.m.b.r0.eI.s
E.n.g.eI.dZ

Ortho
Length
5
5
7
10
4
6
6
7
4
4
6
10
5
7
6
5
6
5
5
7
7
5
6
5
6
7
5
4
5
6
7
6
9
4
8
6
5
5
6
6
5
5
6
4
5
5
5
4
4
5
3
5
8
8
6
9
6
6
7
6
8
5
7
6

Phono
Length
4
4
5
7
3
4
3
4
3
3
5
6
4
6
4
4
4
4
4
6
6
4
5
4
4
5
4
3
4
5
6
5
8
3
6
5
4
4
6
4
4
4
5
3
4
4
4
3
3
4
2
4
6
7
5
7
4
4
5
5
7
4
6
5

Frequency
11.3529
5.4902
5.6471
9.1961
10.451
12.0392
9.3333
7.3725
6.5294
6.5686
10
7.2745
7.4118
5.1961
4.6667
8.5294
10.1765
5.2941
7.6078
9.5098
6.3137
9.3922
10.3922
7.8627
8.2549
9.1961
6.0392
7.0588
6.9804
11.5686
7.9216
6.2353
9.0588
12.0588
7.8039
11.6471
10.1569
11.6863
10.549
6.9216
6.4706
6.1961
6.7059
6.1961
7.1765
7.4902
5.7451
7.3529
9.8431
6.3725
9.6667
6.6863
11.5686
7.8039
6.6471
7.3137
7.5882
8.451
7.2941
9.2941
8.0196
8.6275
7.5686
6.1569

OTAN
3
9
1
0
16
8
3
3
13
15
1
1
7
1
8
9
7
10
10
5
5
3
0
5
5
2
5
9
9
6
3
3
2
13
2
2
7
6
0
0
11
18
0
20
12
6
9
13
17
4
15
12
1
1
4
1
3
5
0
2
1
7
2
2

PTAN
4
30
3
0
29
24
43
26
31
29
2
1
9
0
23
8
22
12
19
5
5
11
1
9
27
7
7
37
15
7
3
8
2
30
2
5
18
16
0
7
21
23
0
31
19
8
17
39
39
9
17
12
4
1
7
1
15
16
6
1
1
16
1
1
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/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/

Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Novel
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
Traditional
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɔ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/

explained
faint
faithful
flame
flames
grades
painter
replaced
slaves
snakes
strain
ages
aliens
blaming
facing
favors
gracious
invasion
label
laser
nations
native
observation
population
potato
races
raining
razor
relations
sailing
savings
trailer
traitor
unable
violation
waking
pawn
caller
bosses
claws
stall
cough
waters
bald
auto
halls
coffees
broad
logs
loft
haunt
saucer
songs
fought
autograph
coffin
crawling
cloth
sorrow
auction
crossed
bonds
blocked
pond
copper
swan
bothers
swamp
fog
mop

E.k.s.p.l.eI.n.d
f.eI.n.t
f.eI.T.f.l
f.l.eI.m
f.l.eI.m.z
g.r0.eI.d.z
p.eI.n.t.56
r0.I0.p.l.eI.s.t
s.l.eI.v.z
s.n.eI.k.s
s.t.r0.eI.n
eI.dZ.I0.z
eI.l.ir.n.z
b.l.eI.m.I.N
f.eI.s.I.N
f.eI.v.56.z
g.r0.eI.S.5.s
I.n.v.eI.Z.5.n
l.eI.b.l
l.eI.z.56
n.eI.S.5.n.z
n.eI.t.I.v
A.b.z.36.v.eI.S.5.n
p.A.p.j.U.l.eI.S.5.n
p.5.t.eI.t.oU
r0.eI.s.I0.z
r0.eI.n.I.N
r0.eI.z.56
r0.I0.l.eI.S.5.n.z
s.eI.l.I.N
s.eI.v.I.N.z
t.r0.eI.l.56
t.r0.eI.t.56
V.n.eI.b.l
v.aI.5.l.eI.S.5.n
w.eI.k.I.N
p.O.n
k.O.l.56
b.O.s.I0.z
k.l.O.z
s.t.O.l
k.O.f
w.O.t.56.z
b.O.l.d
O.t.oU
h.O.l.z
k.O.f.I.z
b.r0.O.d
l.O.g.z
l.O.f.t
h.O.n.t
s.O.s.56
s.O.N.z
f.O.t
O.t.5.g.r0.1.f
k.O.f.I.n
k.r0.O.l.I.N
k.l.O.T
s.O.r0.oU
O.k.S.5.n
k.r0.O.s.t
b.A.n.d.z
b.l.A.k.t
p.A.n.d
k.A.p.56
s.w.A.n
b.A.D.56.z
s.w.A.m.p
f.A.g
m.A.p

9
5
8
5
6
6
7
8
6
6
6
4
6
7
6
6
8
8
5
5
7
6
11
10
6
5
7
5
9
7
7
7
7
6
9
6
4
6
6
5
5
5
6
4
4
5
7
5
4
4
5
6
5
6
9
6
8
5
6
7
7
5
7
4
6
4
7
5
3
3

8
4
5
4
5
5
5
7
5
5
5
4
5
6
5
5
6
7
4
4
6
5
9
10
6
5
5
4
8
5
6
5
5
5
8
5
3
4
5
4
4
3
5
4
3
4
5
4
4
4
4
4
4
3
7
5
6
4
4
5
5
5
5
4
4
4
5
5
3
3

11.7255
9.2745
9.1176
9.0392
7.4902
8.8431
6.7451
8.2549
8.1176
10.1569
7.0784
11.1176
9.6275
6.9412
10.7451
7.451
7.1569
8.5098
6.8824
8.4902
7.5686
8.2549
7.451
9.098
11.2941
6.8235
9.7843
6.8824
9.549
9.4118
7.5294
11.3529
10.5882
10.2549
7.549
8.7647
4.3333
4.3529
4.3725
4.4314
8.9608
8.7843
10.8431
9.7255
7.6667
4
1.8824
14.7255
3.6275
3.6471
3.5686
2.7451
22.1961
26.7059
8.1569
9.0392
9.0588
6.098
6.8627
8.902
17.1373
6.6667
6.7843
6.3333
6.5882
6.8235
7.3529
8.9804
9.451
4.1373

0
6
0
7
5
9
4
2
5
4
4
11
1
4
5
2
0
0
4
6
3
2
1
1
0
16
7
1
1
10
4
4
2
2
1
10
11
6
2
8
7
5
6
9
1
12
1
6
12
10
5
3
6
3
1
1
1
5
3
3
2
9
4
7
10
13
4
6
13
16

2
9
1
9
4
11
4
1
6
6
11
8
2
4
10
3
0
0
12
12
2
1
1
1
1
14
15
11
1
16
4
10
13
1
1
17
27
12
4
7
14
12
5
16
6
15
4
15
6
9
6
6
4
26
2
4
3
5
6
3
8
9
8
13
22
10
4
5
12
20
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/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
/ɔ/~/ɑ/
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler

/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
/ɑ/
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler
Filler

jolly
swap
shopping
blond
profit
comic
flock
tossed
rocket
lobster
watches
novel
condo
plot
washing
swamp
Eastern
sleeps
needing
reaching
stream
martini
sneaking
receiving
completed
legally
belief
peanuts
nearest
ego
receipt
weekends
achieve
precinct
clears
scheme
dearest
meters
experiences
plead
cleaner
speaker
teenager
eager
teenage
clearance
feast
preacher
guaranteed
disagree
greedy
jeans
frequency
gasoline
engineering
clearing
naive
beeping
creeps
healing
torpedo
deceased
treats
breach
wheelchair
earrings

dZ.A.l.i
s.w.A.p
S.A.p.I.N
b.l.A.n.d
p.r0.A.f.I.t
k.A.m.I.k
f.l.A.k
t.A.s.t
r0.A.k.I0.t
l.A.b.s.t.56
w.A.tS.I0.z
n.A.v.l
k.A.n.d.oU
p.l.A.t
w.A.S.I.N
s.w.A.m.p
i.s.t.56.n
s.l.i.p.s
n.i.d.I.N
r0.i.tS.I.N
s.t.r0.i.m
m.Ar.t.i.n.i
s.n.i.k.I.N
r0.I0.s.i.v.I.N
k.5.m.p.l.i.t.I0.d
l.i.g.l.l.i
b.I0.l.i.f
p.i.n.V.t.s
n.ir.56.r0.5.s.t
i.g.oU
r0.I0.s.i.t
w.i.k.E.n.d.z
5.tS.i.v
p.r0.i.s.I.N.k.t
k.l.ir.56.z
s.k.i.m
d.ir.56.r0.5.s.t
m.i.t.56.z
E.k.s.p.ir.r0.I0.j.5.n.s.I0.z
p.l.i.d
k.l.i.n.56
s.p.i.k.56
t.i.n.eI.dZ.56
i.g.56
t.i.n.eI.dZ
k.l.ir.56.r0.5.n.s
f.i.s.t
p.r0.i.tS.56
g.1.r0.5.n.t.i.d
d.I.s.5.g.r0.i
g.r0.i.d.i
dZ.i.n.z
f.r0.i.k.w.5.n.s.i
g.1.s.5.l.i.n
E.n.dZ.I0.n.ir.56.r0.I.N
k.l.ir.56.r0.I.N
n.aI.i.v
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3
5
8
4
5
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7
5
4
9
7
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4
5
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5
6
6
5
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7.4902
3.6275
30
10.451
10.9608
10.8235
4.6471
8.2549
11.8431
7.3333
7.9608
10.0588
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11.5882
9.0588
8.9804
8.1176
8.098
8.0784
8.0784
8.0392
7.9412
7.9216
7.6863
7.6667
7.6078
7.6078
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3
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5
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7
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0
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0
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4
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1
1
3
11
1
9
0
12
7
5
2
7
1
0
15
4
2
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2
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1
1
0
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