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The notion of marginal contrasts and other gradient relations challenges the classification
of phones as either contrastive phonemes or allophones of the same phoneme. The
existence of “fuzzy” or “intermediate” contrasts has implications for language acquisition
and sound change. In this research, we examine production and perception of two
marginal contrasts [a-o] (“cot-caught”), where two original phonemes are undergoing
a merger, and [ai-ai] (“writer-rider”), where a single original phoneme has arguably split
into two contrastive sounds, albeit in a limited manner. Participants born and raised in
lllinois were asked to provide recordings of cot-caught and writer-rider pairs embedded
in sentences, followed by the target word in isolation. They then completed ABX and
two-alternative forced choice two-alternative forced choice (2FC) perception tasks with
stimuli produced by two native speakers from the Chicagoland area. Results showed
that the [ai-a1] contrast, which has been defined as marginal in other work, is actually
currently more phonetically and phonologically stable than [a-o] for the group of speakers
that we have tested, with a more robust link between production and perception.
The cot-caught merger appears to have progressed further, compared to what had
previously been documented in the region. Our results and analysis suggest different
sound change trajectories for phonological mergers, regarding the coupling of production
and perception, as compared with phonemic splits.

Keywords: marginal contrast, merger, split, Canadian raising, production, perception

INTRODUCTION

The words in a language are commonly analyzed in terms of unique phonological units, which
by themselves are meaningless but combine according to the constraints of the language to bring
about meaning (Hockett, 1958, 1960). This system of categorizing sounds assumes a specific set of
phones for each language, with phones falling into one of two categories: phoneme (contrastive)
or allophone (non-contrastive). Traditionally, two sounds are considered to be contrastive if, in at
least one phonological environment, the choice of phone may result in lexical minimal pairs; the
choice of phone cannot be predicted from the environment alone. Conversely, if the choice between
two sounds can be predicted from their phonological environment, then the two sounds are
allophones. Many phonological processes appear to ignore non-contrastive features, and contrast-
based theories hold that the only features that can be phonologically active are those that serve to
distinguish and contrast members of the underlying phonemic inventory (see Kiparsky, 1985; Hall,
2007; Dresher, 2009).
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However, numerous researchers have pointed out the
existence of distinctions between phones which cannot be easily
categorized as either phonemic or allophonic (e.g., Goldsmith,
1995; Ladd, 2006, 2014; Nadeu and Renwick, 2016). Hall
(2013) offers a comprehensive overview of these intermediate
phonological relationships and provides a typology illustrating
the many different ways in which contrasts can be marginal. In
the literature, such relationships have previously been referred
to as semi-phonemic (e.g., Bloomfield, 1939; Crowley, 1998),
quasi-phonemic (e.g., Scobbie et al., 1999; Hualde, 2005), weak
contrast (e.g., Hume and Johnson, 2001; Walker, 2005; Martin
and Peperkamp, 2011), partial contrast (e.g., Hume and Johnson,
2003; Chitoran and Hualde, 2007; Kager, 2008), gradient
phonemicity (e.g., Boulenger et al., 2011; Ferragne et al., 2011),
and marginal contrast or marginal phoneme (e.g., Vennemann,
1971; Kiparsky, 2003; Edwards and Beckman, 2008; see also
Hall, 2013; Renwick et al., 2016). Even in cases of phonological
neutralization, where a contrast that is neutralized in a specific
environment is still considered to be present elsewhere, some
researchers have interpreted neutralization as an example of a
“partial contrast,” intermediate between full contrast and full
allophony (Hume and Johnson, 2003; Kager, 2008). There are
also cases where the distribution of a contrast in the lexicon may
not be as reliably or consistently employed as expected, although
the sounds themselves may be clearly distinct phonetically
(Renwick and Ladd, 2016).

The notion of marginal contrasts and other gradient
relationships challenges the division of phones into strict
phonemic categories. The existence of marginal contrasts has
implications for models of speech perception and language
acquisition (both first and additional language) that rely on
learner identification of contrastive phonological units and also
has implications for sound change, in that speakers can acquire
a distinction that is not necessarily utilized to identify words
in speech.

Additionally, a speaker’s ability to perceive marginal contrasts
may not be directly correlated to their ability to produce that
contrast and vice versa. Studies of sound changes in progress
have shown that perception and production often do not proceed
symmetrically, with changes occurring earlier in perception
than in production (Di Paolo and Faber, 1990; Herold, 1990;
Harrington et al., 2012; Kleber et al.,, 2012; Kuang and Cui,
2018), although some evidence has been found for a production
lead when the relevant cues for production and perception are
misaligned (e.g., Coetzee et al., 2018). Listeners may also still be
able to perceive a contrast that they no longer produce (Labov,
1994; Hay et al., 2013; Coetzee et al., 2018; Pinget et al., 2020).
Differences in perception and production in the actuation of a
sound change may misalign, as perception and production may
in fact be based on different targets or exemplars (Garrett and
Johnson, 2013).

Speaker intuitions can also be a valuable resource for
examining metalinguistic awareness of marginal contrasts.
Previous research with Catalan (Nadeu and Renwick, 2016;
Renwick and Nadeu, 2018) and Italian speakers (Renwick and
Ladd, 2016), both populations with marginal mid vowel contrasts
and the commonly used metalinguistic language to describe said

contrast (“closed” and “open” mid vowels), has found speakers to
be relatively accurate judges of their own productions. However,
the prevalence of mismatches between production and speaker
intuition involving members of a mid vowel contrast pair, relative
to mismatches between pairs of mid vowels and corner vowels
[i, a, u], separate the marginal mid vowel contrast on some
dimension of phonological closeness.

In this article, we are concerned with the interaction between
perception and production in two cases of marginal contrast in
Illinois American English: [a-o], as in cot vs. caught (Experiment
1), and [ai-a1] as in writer vs. rider (Experiment 2). These two
cases of marginal contrast differ in their diachronic provenance.
The former represents an ongoing merger of two phonemes. The
latter, instead, is a case of phonemic split, as it has arguably
resulted from the phonological recategorization of allophones as
(quasi-)contrastive units. This phenomenon is often known as
Canadian raising. In both cases, we are interested in determining
to what extent the degree to which the two categories are
separated in individual speakers’ productions determines their
behavior in perception, as well as the relation of speakers
intuitions about contrastiveness to their own production and
perception. Although there is a substantial literature on each of
the two vowel phenomena we examine here, we are not aware of
previous research that has compared the production-perception
link in both a merger in progress and a split in progress for the
same group of speakers.

EXPERIMENT 1: A MERGER IN
PROGRESS: PRODUCTION AND
PERCEPTION OF [u-5] (‘COT-CAUGHT”)

Background and Research Question

One example of a contrast that could be considered marginal
in some varieties of present-day American English is the [a-
o] (“cot-caught”) low back vowel pair. The merger of these two
phonemes was first attested in the US in the 1930s (Kurath,
1939) in parts of western Pennsylvania and eastern New England.
Labov et al. (2006) later documented the distribution of the cot-
caught merger, showing that the merger was highly advanced or
completed in western Pennsylvania, and progressing in eastern
New England and the western half of the United States. In
contrast, the Inland North, the Mid-Atlantic, and the South
were identified as regions that showed resistance to the low
back merger. When the data for the Atlas of North American
English (Labov et al., 2006) were collected, results of minimal
pair perception tests for speakers in the Inland North (including
Chicagoland, part of the area under study) showed no trace
of a merger, with participants universally responding that the
presented minimal pairs were different from one another. The
maintenance of the /a/ vs. /o/ contrast was attributed to the
fronting of /a/, part of the Northern Cities Chain Shift (Labov,
1994; Clopper et al., 2005), making it rather distinct from /o/.
The low back merger was also found to be most advanced in
syllables closed by nasal consonants and most conservative before
velar /k/.
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TABLE 1 | Contrastive contexts in US varieties without merger of /a/ and /o/.

Following Vowel
context
la/ I/
t bot, cot, knot, not, rot, clot, bought, caught, naught,
dot, jot, lot, shot wrought
d cod, nod, odd, sod, pod, cawed, gnawed, awed,
god, mod, rod sawed, pawed, broad,
clawed, flawed
k chock, hock, stock, wok, chalk, hawk, stalk, walk, talk
dock, lock, rock
n don, con, Jon, Ron, swan dawn, brawn, lawn, pawn
| collar, doll, dollar caller, ball, call, crawl, haul,
mall, shall, stall
0 goth cloth, moth

TABLE 2 | Contexts of phonological neutralization in varieties without complete
merger.

Following Vowel
context
la/ I/
p bop, cop, drop, pop, top -
b blob, cob, job, knob, lob, -
mob, sob, swab, rob
m com, mom, prom -
g - blog, dog, fog, flog, hog, log
0 - long, song, wrong
f - loft, off, scoff, soft
s - boss, loss, moss, sauce,
toss
0 - law, saw

Even in varieties where /a/ and /o/ are clearly contrastive
phonemes, the distribution of the two phones is not entirely
free, and the presence or lack of a contrast is sometimes
predictable from context. As Labov et al. (2006: 57) explain,
historically, /a/ descends from Middle English short /o/, with
the addition of some /o/ words directly borrowed from French
and some words where /a/ was rounded after /w/ (watch, want,
wander, etc.). The resulting phone occurs before all but two
consonants, /v/ and /3/, in American English. In contrast, /o/
has a more limited distribution. This vowel is, for the most
part, a direct continuation of the Middle English diphthong
/aw/ (which had a number of Old English and Old French
sources). In addition, a number of words that had Middle English
/o/ have been transferred to the /o/ class, e.g., dog, long, loss
(before /g/, /n/, and voiceless fricatives, but without affecting all
lexical items with these following contexts). Presently, for some
speakers in Illinois, a contrast is attested in the phonological
contexts shown in Table 1, where both phones occur (see also
Labov et al., 2006: 57).

In the contexts in Table 2, on the other hand, the contrast
appears to have been neutralized for all speakers in the Midwest
dialect that we explore here. Labov et al. (2006: 57), describe

a slightly different distribution, including a possible contrast
before /g/, as in log vs. dog, that does not seem to exist in the
geographical area under study. These authors do in fact report
variation before /g/.

Even for contexts where a robust contrast has been reported,
e.g., before /1/, the realization of the contrast may be less certain
given the lack of representative words or given gaps in the
lexicon. The merger between the two vowels appears to proceed
in gradient fashion, occurring first before nasal consonants
(Labov et al., 2006).

Based on informal observation, we suspect that the merger
is currently more advanced in our target population (young
speakers from northern and central Illinois) than some decades
ago. We expect to find three or even four types of speakers: (a)
speakers with a clear contrast in production and perception, (b)
speakers who have merged the two phonemes in production and
do not perceive them as different vowels, (c) as in other cases
of mergers in progress, we also expect to find some speakers
who have a marginal contrast in production, but cannot reliably
identify or discriminate the two historical phonemes; that is,
a merger in perception may precede a merger in production
(Labov, 1994, 2011). Finally, some recent research indicates that
in some mergers in progress there are listeners who can still
perceive a contrast that they no longer produce (Hay et al., 2013;
Coetzee et al., 2018; Pinget et al., 2020); thus, we may also expect
to find a group (d) of speakers who do not produce the contrast
but can reliably perceive it. Depending on the types of speakers
found, these groups may help elucidate potentially differing
patterns regarding the progression of the cot-caught merger.

Methods

Participants

Thirty-six participants were recruited among the undergraduate
student population at an Illinois university to participate in this
study. Of these participants, 11 did not complete all tasks and
were excluded from analysis. Since the focus of this study is
variation within northern and central Illinois, an additional 5
participants were excluded as they reported being born in a
different country or state. The remaining 20 participants (14
females, 6 males) all reported being born and raised in Illinois.
Of these, 14 are from Chicago and its suburbs, 4 from Central
Mlinois, and 2 from Illinois near the St. Louis area. We decided
not to exclude the two St. Louis-area speakers! because this area
has been shown to participate in some of the vowel changes that
are found in Chicago, such as the ones under study (Labov, 2007).
For the place where each participant was raised, see Figure 1 (in
Section Discussion). Their ages ranged from 18 to 25. Participants
were volunteers or received extra credit for their participation in
an undergraduate linguistics course. These subjects participated
in one production task and two perception tasks.

LAll speakers in this study, due to their status as students at this university, were
immersed in an environment with substantial input from Chicago area speakers.
Illinois residents have comprised over 70% of the incoming student population in
recent years, with over 70% of the Illinois population (21,936 out of 30,347 students
in 2021) representing the Chicago metropolitan area. However, we acknowledge
the heterogeneity of our limited sample size.
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FIGURE 1 | Participant locations by production cluster for cot-caught (left) and writer-rider (right). Participant locations by production cluster (black circle: no contrast
[low Pillai score]; orange triangle: contrast [high Pillai score]; Google, n.d.).

Stimuli for Production Study

For the production task, the goal was to create balanced lists of 20
pairs for each contrast under study. For the cot-caught contrast,
the stimuli consisted of 13 monosyllabic minimal pairs with an
alveolar coda (e.g., caught vs. cot), 3 monosyllabic near-minimal
pairs (e.g., laud vs. lot), and 4 monosyllabic non-minimal pairs
to complete the set of 20. Stimuli for our Experiment 2 (20 pairs)
were also presented together. Filler items consisted of 10 pairs
distinguished by their codas (e.g., bet vs. bed) and 10 homophone
pairs (e.g., flower vs. flour). This resulted in 60 total pairs for a
total of 120 productions. The stimuli for production are shown
in Table 3.

Stimuli for Perception Study

For our perception study, our goal was to create balanced lists of
10 minimal pairs. The 10 minimal pairs (20 words) for the cot-
caught contrast were all monosyllabic with coda consonants /t, d,
n, k/. The stimuli used for the perception tasks are also shown
in Table 3. Fillers in the perception tasks included 10 minimal
pairs (20 words) distinguished by their codas (e.g., mat vs. mad,
mate vs. made) and 4 homophone pairs (8 words) (e.g., metal vs.
medal) as distractors. Tokens created for our Experiment 2 (9
minimal pairs, 18 words) on Canadian raising (see Experiment
2) also were presented together. Each word was presented two
times, resulting in a total of 132 tokens.

The stimuli were produced by two native speakers, one female
(Speaker F) and one male (Speaker M) from the Chicagoland
area. These two model speakers were recruited to produce the
stimuli because they reported producing a contrast between both
cot-caught words and writer-rider words, and they both grew up
in Illinois, like the participants in our experiments. The stimuli

were recorded in a soundproof booth, using a Marantz PDM
750 solid state recorder and an AKG C5C20 head-mounted
microphone at a sampling rate of 44.1 kHz. Based on formant
values, all target stimuli included in the perception task showed a
difference in vowel quality between cot-words and caught-words,
although this difference was not always of the same magnitude
or produced in the same manner. Figure 2 shows average time-
normalized formant trajectories for the stimuli produced by each
of the two model speakers. Note that cot-words have higher
values for both formants than caught-words, indicating a lower
and less retracted articulation for [a] than for [5].

Procedure

Participants first completed a background questionnaire to
provide demographic information and confirm that they had
been born and raised in Illinois.

Production

For the first experimental task, participants were asked to provide
recordings of 120 target words (20 caught-cot pairs, 20 writer-
rider pairs, and 20 filler pairs). Because of the COVID-19
pandemic situation, conducting the experiment in a phonetics
laboratory was not feasible at that time. Instead, participants were
asked to record themselves in a quiet room, using their phones?
or laptops. The recording material was presented via PowerPoint
slides, and a copy of the PowerPoint slides was shared with each

%In a recent study, Freeman and De Decker (2021) report that recording with
Apple devices may result in possibly deviant formant frequencies, which may affect
the phonetic analysis of back and lower vowels in particular. We would like to
add this caveat, since many of our participants submitted recordings from Apple
devices.
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TABLE 3 | Stimuli used in production and perception tasks.

TABLE 3 | Continued

Production

Perception

Experiment 1:
cot-caught stimuli

Experiment 2:
writer-rider stimuli

Experiment 1: Experiment 2:
cot-caught stimuli writer-rider stimuli

a 5 Al al Filler a B Al al Filler
Tot Taught Writer Rider Apple Don Dawn Whiter Wider Mad Mat
Not Naught Writing Riding Bade Tok Talk Insighter  Insider Made Mate
Cot Caught Biter Bider Bait Wok Walk Citer Sider Met Mat
Bot Bought Biting Biding Banana Stock Stalk Wed Wet
Rot Wrought Cited Sided Bat Lessen Lesson
Sot Sought Sighting Siding Bed Medal Metal
Pod Pawed Whiter Wider Bet Missed Mist
Cod Cawed Light Lied Dear Pedal Petal
Nod Gnawed Bite Bide Deer
Sod Sawed Bright Bride Died
Mod Mawed Ice Eyes Flour
Pon Dawn Hice Hise Flower participant. Each target word was embedded in a sentence (e.g.,
Odd Awed Cite Side Kiwi A . )
Lot Laud White Wide Knew “The word _____ in English [means/refers to/is...]”) which was
Blot Brought Kite Buys Lab presented on one slide, followed by the same target word in
Rod Broad Nice Hide Lap isolation on the next slide. The tokens were presented in pseudo-
Pot Pawn Night Ride Led random order such that each presented token was not followed
con Lawn Tiont Slide Lessen by a member of a potential minimal pair. The recording session
Dot Flawed Twice Tide Lesson
Clot Brawn Vice Wise Let was divided into four blocks, and participants were asked to
Mad submit their recordings at the completion of each block. The first
Made production of each block consisted of a filler sentence and word.
Mango
Mat ABX
mz;e Following production, participants completed the first
Medal perception task: an ABX task administered online via Qualtrics.
Met The stimuli consisted of target words in isolation, with an
Metal interstimulus interval of 500 ms. Participants heard a presented
m:ztsed ABX series and were asked to select whether X was the same
Now word as the first word they heard (A) or the second (B) by
Pat clicking on the number “1” or “2” on the screen. Upon making
Pedal a selection, the next ABX series was automatically presented.
Petal Tokens produced by Speaker F were used for A and B of the
gg‘:d ABX task, and tokens produced by Speaker M were used for X.
Rowed The use of two speaker voices requires some level of abstraction
Tied by the participant, particularly as our speakers differ in sex.
Wade The stimuli were presented in pseudo-random order such that
Weak no two types of the same category (cot-caught, writer-rider,
wii{;he g coda-distinguished filler, homophone filler) were presented
Wet sequentially; the presentation of one category of stimuli was
Wring always followed by a different category, e.g., rider-writer (rider-
) writer pair) followed by mist-missed (filler-pair) followed by
Perception cawed-cod (cot-caught pair), followed by mate-made (coda-
Experiment 1: Experiment 2: distinguished pair). There was a total of 132 items presented, of
cot-caught stimuli writer-rider stimuli which 40 tokens (20 pairs) were representative of the cot-caught
a ) K al Filler contrast. Tokens created for our Experiment 2 on Canadian
raising (see Experiment 2) also were presented together.
Tot Taught Writer Rider Bade Bait
Cot Caught Writng ~ Riding Bat Pat Two-Alternative Forced Choice Identification (2FC)
Bot Bought Biter Bider Bed Bet Participants then completed the second perception task: a
Pod Pawed Biting Biding Died Tied two-alternative forced choice (2FC) word identification task
Cod Cawed Cited Sided Lab Lap c . . . . . .
Nod Grawed Sighting _ Siding Lod Lot administered online via Qualtrics. The stimuli presented were
the same as in the ABX task, but participants were instead asked
(Continued) ~ to identify an auditorily presented word by clicking on one of
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FIGURE 2 | Formant contours for cot-caught stimuli. Time-normalized formant contours (F1 and F2) in Hz for the two speakers providing perception stimuli,
separated by target phone. Formants for cot-words are shown in solid black lines and formants for caught-words in dashed orange lines.

two words presented on the screen. For example, they would
hear the word cot and either click on the presented text <cot>
or <caught>. Upon making a selection, the task automatically
moved to the next 2FC item.

Exit Survey

Finally, participants completed an exit survey which probed their
phonological intuitions of the contrast as spoken by themselves
(e.g., “Do you think you pronounce cot and caught in the
same way?”), their parents or guardians, and by their social
circles. They were also asked to describe any differences in their
pronunciation [A similar methodology was used in Renwick and
Nadeu (2018)].

Acoustic Analysis of Production Data

The target words were first force-aligned with the Montreal
Forced Aligner (McAuliffe et al., 2017), then corrected by
hand in Praat (Boersma and Weenink, 2021). Waveform and
spectrogram information was used for manual corrections. When
the preceding consonant was an obstruent, the left boundary of
the vowel was placed at the first zero uprising after the onset of
glottal vibration, when formant structure was visible. When the
preceding consonant was a fricative, the left vowel boundary was

similarly placed at the first zero uprising when formant structure
was visible, after the offset of high energy frication noise. When
the preceding consonant was a sonorant, changes in formant
structure and intensity were used to place segmental boundaries.
The right boundary of the vowel was similarly determined by
decreases in intensity and changes in formant structure. The
vowels were manually assigned labels that would correspond to
the presence, rather than merger, of a phonological contrast.
Following segmentation, F1 and F2 values were automatically
extracted at the 50% duration of the vowel.

Statistical Treatment

As a measure of distance between vowel distributions, we
calculated Pillai scores for each vowel pair at the 50% duration
of the vowel for each participant (Nycz and Hall-Lew, 2013;
Jibson, 2021). A higher Pillai score, closer to 1, results from
greater distance and less overlap between vowel pairs, indicating
a stronger contrast. A lower Pillai score, closer to 0, results from
greater overlap, indicating a weaker contrast or no contrast at
all. The Pillai scores were then submitted to a k-means cluster
analysis using the function kmeans from the stats package in
R (R Core Team, 2019). The analysis was run for 2-4 groups.
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We decided to use cluster analysis as opposed to determining
a threshold for the classification of participants as having one
phoneme or two (as in, e.g., Labov et al., 2006), precisely because
we want to allow for the possibility of having intermediate
situations between merger or not merger and split or not split.
Since we are interested in determining the relation between
production and perception, we ran correlations (cor.test from
stats in R) between Pillai scores and perception accuracy results.
Linear mixed effects regressions were run on accuracy rates
and formant values with the function Imer in the package Ime4
(Bates et al,, 2015) and p-values were obtained with the emmeans
package (Lenth, 2022). In addition, we considered the extent
of participants’ phonological intuitions concerning the existence
of a contrast in their speech or lack thereof, and how this
corresponded to their performance in our two perception tasks.

Results

Production Results for Experiment 1

Figure 3 displays average F1 and F2 values over normalized time
for words belonging to the traditional /a/ class (cot) and words
belonging to the /o/ class (caught). Each participant is shown on
their own plot, and the plots are organized from lowest Pillai
score (Participant 003) to highest (Participant 026). Speakers
ranged from no discernible contrast in Participant 003 (Pillai
score = 0.02) to a very clear contrast in Participant 026 (Pillai
score = 0.89).

Figure 4 shows the vowel plots for Participants 003 (lowest
Pillai score = 0.02) and 026 (highest Pillai score = 0.89), showing
an example of the difference in degree of overlap for speakers
with the merger and with the contrast. The vowel plot for
Participant 003 shows a clear overlap between cot-type words and
caught-type words. In comparison, the two types of vowels are
clearly distinct for Participant 026.

Participants were clustered first based on production alone,
using cluster analysis specified for 2 to 4 clusters. Based on the
total within-cluster sum of squares, the best clustering resulted
in 2 groups according to their productions, which we may think
of as mergers and non-mergers. The merger group includes 13
participants with Pillai scores ranging from 0.02 to 0.30, and
the non-merger group includes 7 participants with Pillai scores
ranging from 0.35 to 0.89.

Perception Results for Experiment 1

Participants were also independently clustered based on average
perception accuracy between ABX and 2FC. Participants did
not fall into the same clusters for production as for perception,
so the two clustering analyses were visually combined to
show inconsistencies between mergers in perception and
production. The resulting groups are shown in Figure 5, along
with the correlation between production of [a-0] and each
perception task.

As can be seen in Figure 5, participants fall into one of four
possible groups according to Pillai-score-based clustering: (1)
NO contrast in perception and NO contrast in production (black
in Figure5), (2) NO contrast in perception, YES contrast in
production (orange), (3) YES contrast in perception, NO contrast
in production (blue), and (4) YES contrast in both perception

and production (green). For speakers with the contrast in both
production and perception, formant values for [a] and [o] were
significantly different for F1 (p < 0.05) and F2 (p < 0.001). Those
without the contrast showed no significant differences among
formant values. Perception accuracy rates between the NO/NO
and YES/YES groups were significantly different for the 2FC task
(p < 0.05) but not for ABX (p = 0.23).

Participants 002 and 006 are examples of speakers in group
2, who showed a contrast in their production (Pillai scores =
0.35 and 0.47), but their perception accuracy was around chance
(40-65%). In the opposite direction, Participants 011 and 031
are examples of speakers in group 3, those who could perceive
the contrast with accuracy rates ranging from 70 to 80%, but
whose productions had low Pillai scores (0.04 and 0.29) and were
therefore considered to be merged in production. Group 3 in
particular was not specifically hypothesized to exist, based on
the assumption that vowel mergers in perception tend to precede
merger in production, yet it comprises 35% of our participants.
These findings do align, however, with recent research regarding
perception and production inconsistencies (e.g., Hay et al., 2013;
Coetzee et al., 2018; Pinget et al., 2020).

Overall, the correlations between perception and production
were very weak (R? = 0.06 between production and ABX, R?
= 0.09 between production and 2FC). Perception accuracy for
individuals clustered as non-mergers was 73% (averaged between
ABX and 2FC), whereas average accuracy for those clustered as
mergers was 69%; perception accuracy was thus similar regardless
of their clustered status as mergers or non-mergers.

Exit Survey Results for Experiment 1

Based on their responses to the exit survey, participants who were
clustered as non-mergers in both perception and production
appeared to be metalinguistically aware of the contrast. For those
who reported having a contrast (n = 12), 9 of them also showed
the contrast in production. The other 3 participants who self-
reported a distinction were instead clustered as showing a merger
in their production. Fewer participants reported having merged
productions (n = 8), and their productions were split between the
merger group and the non-merger group. This data is visualized
in the violin plots as seen in Figure 6, which show participants’
self-reported distinctions compared with their Pillai scores at
50% vowel duration.

As for the correlation between participants’ phonological
intuitions and their performance in the perception tasks,
participants who reported making a contrast between cot
and caught outperformed participants who reported not
making a distinction, as can be seen in Figure?7. This
is an expected result. Accuracy was somewhat higher
for both groups of participants in the forced-choice
identification task.

Furthermore, participants who reported making a contrast in
production also described differences in vowel pronunciation on
the exit survey, with a number of participants transcribing [a] in
cot as <ah> and [o] in caught as <aw> (e.g. “cot is more ‘KAHt
caught is more ‘CAWt” and “In the word cot, the ‘0’ makes more
of an ‘al’ sound rather than the ‘aw’ sound found in caught”).
Our results suggest that speakers who believe they have a contrast
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do in fact produce it. However, their perceptual discrimination
abilities, based on clustering, do not always mirror the contrast
as found in production, again based on clustering. The resulting
four groups from our clustering analyses also show different
patterns of perception and production as they relate to a merger
in progress. Out of our 20 speakers only 12 reported having a
phonological contrast in their own speech, and less than half of
them (3) fell within the non-merger clusters in both production
(high-Pillai-score cluster) and perception (average ABX and 2FC
accuracy). The historical phonemic contrast between /a/ and
/5/ now thus has the status of a marginal or fuzzy contrast
for this group of speakers, with most speakers showing variable
behavior in perception and production that is inconsistent with
the existence of a robust contrast between two phonemes.

EXPERIMENT 2: A MARGINAL SPLIT:
CANADIAN RAISING

Background and Research Question
The other marginal contrast that we are concerned with is
the [ai-a1] (“writer-rider”) split, a phenomenon traditionally

known as Canadian raising (Joos, 1942; Chambers, 1973, 1989,
2006). Historically, Canadian raising is an instance of an
(incomplete) phonemic split, where a phonemic unit develops
distinct allophones, a process opposite of the merger between
[a] and [0]. The basic distribution of the Canadian raising
diphthongs is that [ai] occurs before voiceless consonants (e.g.,
write, sight) and [a1] appears before voiced consonants and
word-finally (e.g., ride, buy). However, this complementary
distribution is rendered opaque by the neutralization of /t/ and
/d/ as a flap before an unstressed vowel (Herd et al., 2010),
leading to minimal pairs differentiated only by the quality of
the diphthong, as in writer [1airer] vs. rider [1aicer]. Before a
flapped alveolar stop, phonological raising is purported to be
triggered not by the phonetic realization of the stop, but rather
by its underlying phonological specification (see also Mielke
et al., 2003; Bermudez-Otero, 2004; Idsardi, 2006; Pater, 2014).
Additional instances of unconditional raising in monomorphic
words have also been reported, e.g., tiger, spider (Vance, 1987;
Dailey-O’Cain, 1997; Graham, 201 9)3. Raising of the nucleus has

31t has been noticed [e.g., Hualde et al. (2021)] that in some monomorphemic
words like cider and spider, the higher diphthong is sometimes found before the
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tap, contrary to what would be expected from the spelling. This shows a tendency
for this diphthong to spread outside the context where it emerged (cf. also tiger,
fire, without a following coronal stop, etc.). In our stimuli the diphthong is always
followed by a morpheme-final coronal stop.

been also reported before syllabic /r/, as in fire [faier]; but in this
phonological context as well, it is possible to have minimal pairs,
as in hire [haisr] vs. higher [haia], where the second member of
the pair retains the quality of the word-final diphthong in the
underived form high.
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Self-reported distinction

Despite its name, the [ai-ar] split has been documented
in various regions of the US. In fact, for East Virginia, the
phenomenon was described as early as the first decades of the
twentieth century (Shewmake, 1925, 1943). The split has since
been documented in areas such as Minnesota (Vance, 1987),
Rochester, New York (Vance, 1987), Michigan (Milroy, 1996;
Dailey-O’Cain, 1997), Philadelphia, Pennsylvania (Fruehwald,
2008, 2016), and Fort Wayne, Indiana (Davis et al., 2020).
Progression of the split is at perhaps a less advanced stage in
the Fort Wayne area, with Davis and colleagues finding evidence
for an incipient phase of phonetic conditioning. Whereas in
Canadian English both diphthongs /ai/ and /au/ undergo raising
of the nucleus before a voiceless consonant (e.g., about vs loud),
in many US varieties only /ai/ appears to be affected. Davis et al.
(2020) have proposed the term “American raising” to refer to the
phenomenon in varieties where the relevant effects are found for
/ai/ but not for /au/.

Within northern and central Illinois, the area under study,
the [ai-a1] contrast has been reported for the Chicago area.
Kilbury (1983) provides minimal and near-minimal pairs from
his own Chicago variety, noting that speakers in his area differed
in their intuitions regarding the pronunciation of writer-rider
pairs. This idea found recent support from Hualde et al. (2021),

whose formant trajectory analysis showed notable interspeaker
variation in degree of production of this contrast. Research on
perception of the [ai-a1] contrast has also found that speakers
of this variety also vary in their ability to differentiate minimal
pairs in perception. The Chicago-area speakers tested in Hualde
et al. (2017) were able to discriminate the sounds [ai-a1], but
not at ceiling accuracy, unlike other contrasts tested in the same
experiment, indicating that the [ai-a1] contrast is somewhat less
robust. Though in Hualde et al. (2017) both production and
perception were tested, the correlation between production and
perception for individual speakers was not examined. Strickler
(2019) analyzed the production and perception of speakers from
Fort Wayne, Indiana, an area where Canadian raising appears to
be spreading throughout the community. She found that speakers
seemed unable to perceive a more advanced form of the split than
the forms they produced.

Here we focus on the speech of young native English speakers
from northern and central Illinois, a geographical area where
both the [a-0] and the [ai-a1] contrasts appear to have different
degrees of “robustness” for different speakers. The question
that we wish to ask is how a speakers ability to perceive
marginal contrasts relates to the robustness of that contrast
in their own production. We are also interested in learning
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to what extent speakers’ intuitions regarding phonological
contrasts correlate with their own performance in perception
and production.

Methods

The same speakers participated in this experiment and in
Experiment 1, as both experiments were run together. The
stimuli for the production task, presented together with the
other stimuli described in Experiment 1, consisted of 7 bisyllabic
minimal pairs, 7 near-minimal pairs (e.g., bite vs. bide), and 6
non-minimal pairs (12 monosyllabic words).

The stimuli for the two perception tasks were produced by
the same two model speakers who produced stimuli for the
cot-caught distinction. Due to the environment conditioning
the writer-rider contrast, minimal pairs are infrequent, and a
maximum possibility of 8 bisyllabic pairs and 1 trisyllabic pair
were compiled for the perception task. Of the 132 total items
presented, 36 tokens (18 pairs) were representative of the writer-
rider contrast. The procedure was described in Experiment 1, and
the full list of stimuli for production and perception are shown in
Table 3.

Figure 8 shows time-normalized average formant values for
Speaker F and Speaker M separately. These contours show that
both speakers have clearly distinct productions of the contrast,
with Speaker F differentiating the sounds in frontness (F2) early
on and height (F1) toward the middle and end of the diphthong.
Speaker M also has distinct vowels, but to a less drastic degree,
and differentiates using F1 early on in production and F2 later.

The acoustic analysis was also performed as in Experiment
1, but rather than taking formant measurements at 50% of the
duration of the vowel, these measurements were taken at 30
and 80% of the duration. The use of multiple timepoints for
diphthong analysis captures differences in the nucleus and the
offglide (Hillenbrand, 2013; Hualde et al., 2017). While some
have proposed 20 and 80% as optimal timepoints, our data
suggest that 30% is a preferred first measure. As noted by others,
this timepoint is well within the nucleus but avoids coarticulatory
effects (Berkson et al., 2017). Two Pillai scores were calculated for
each speaker using these measurements, which were then used
for clustering. As with Experiment 1, this process resulted in two
groups which can be interpreted as speakers with the contrast in
production and speakers without. A similar clustering analysis
was also performed for the perception data.
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Results shows the vowel plots for Participants 013 and 025, showing an
Production Results for Experiment 2 example of the drastic difference in degree of overlap for speakers
As in Experiment 1, we present the results of our production task ~ without a contrast (013) and for those with the split (025).

before considering the perception results and the correlations The vowel plot for Participant 013 shows a clear overlap
between perception and production. between writer-type words and rider-type words. The two types of

In Figure9, we show average time-normalized F1 and F2  vowels are clearly distinct for Participant 025, as there is notable
tracings for each participant. From the upper left to the bottom  distance between the production clouds and no overlap.
right, participants are organized by Pillai score (low to high).

Pillai scores at 30 and 80% of the duration of the diphthong  Perception Results for Experiment 2

turned out to be highly correlated (R* = 0.90), so this figure  Results showing the correlation between Pillai scores (at 30% and
orders plots based on the 30% Pillai scores alone, and the 80%  80% vowel duration) and perception accuracy (for ABX and 2FC)
scores are not shown. are shown in Figure 11.

As can be observed, some participants such as 025 (Pillai score Participants were first clustered based on production alone,
= 0.93 at 30% and 0.83 at 80%) and 031 (Pillai score = 0.83  resulting in a no-contrast group of 9 participants with Pillai
at 30% and 0.76 at 80%) have hardly any overlap in formant  scores 0.01 to 0.42, and a split group of 11 participants with
trajectories between writer-type words (in dashed orange) and  Pillai scores ranging from 0.43 to 0.93. Participants were also
rider-type words (solid black). Other speakers show near-total  independently clustered based on average perception accuracy
overlap, including 002 (Pillai score = 0.02 at 30% and 0.03 at  between ABX and 2FC. As in Experiment 1, we cross-classified
80%) and 004 (Pillai score = 0.13 at 30% and 0.07 at 80%). participants considering their clustering in production and their

The use of Pillai scores takes into account both distance  clustering in perception, which would potentially yield up to four
between vowel clusters and overlap between them. Figure 10 groups. However, in contrast with cot-caught, the combination
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of both independent clustering procedures resulted in almost
the same clusters in production and perception, with only one
single participant for which production and perception-based
clustering do not match. We therefore have a group of 9
participants with low accuracy in perception and low Pillai scores
in production, consistent with lack of a phonological contrast (in
black in Figure 11), a second group of 10 participants with high
accuracy in perception and high Pillai scores in production (in
blue) and a single participant with low accuracy in perception but
a high Pillai score in production (in orange).

For speakers with the contrast in both production and
perception, formant values for [ai] and [a1] were significantly
different for F1 and F2 at 30% and at 80% (p < 0.01). Those
without the contrast showed no significant differences among
formant values for the two diphthongs. Perception accuracy rates
between the NO/NO and YES/YES groups were significantly
different for both the ABX (p < 0.01) and 2FC tasks (p < 0.001).

Our resulting clusters for writer-rider show that perception
and production pattern very closely together, and that speakers
with inconsistencies between perception and production are
rather rare. Unlike our results for cot-caught, clustering analyses
showed inconsistencies between perception and production for

only one participant (Participant 016). We believe this to be an
interesting result, perhaps pointing to a generalizable difference
between mergers and splits.

Correlations between perception and production were
moderate to strong, with the best correlation obtained when
Pillai scores at 80% of the duration of the vowel were compared
with results of the 2FC task (R*> = 0.71). Overall, our results
suggest that speakers with the writer-rider contrast in production
will perform better in perception of that contrast. Mean
perception accuracy rates by production support this: those
classified as speakers who produced the contrast had an average
accuracy of 85% while those who were classified as not producing
a contrast were at 62%. This is much larger than the difference
found for cot-caught in average perception accuracy between the
two tasks.

Exit Survey Results for Experiment 2

Metalinguistic awareness of the writer-rider contrast in a
participant’s own speech appears to be mixed at first blush, but
further analysis of the responses shows that this is due, for the
most part, to the possibility of pronouncing /t/ and /d/ differently
in the context of flapping or orthographical differences. Of those
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who reported having a contrast (n = 16), only half of them were
classified within the cluster with high Pillai scores in production.
However, the 8 participants who did show a contrast in their
production were participants who described differences in the
vowel (e.g., “The vowel in rider lasts longer, and the mouth
opens more for that vowel” and “The 1’ in wrifer is a shorter
sound and sounds more like ‘uh-ee.” The 7’ in rider is longer
and sounds more like ‘ah-ee.”), with the majority of them (n =
6) describing differences in vowel duration specifically. Instead,
participants who did not show a contrast in production primarily
described differences in the consonant (e.g., “emphasis on the ‘d’
consonant,” “In rider, I pronounce the D more,” and “There is
a pronunciation of the ‘t’ in writer not in rider.”). It therefore
appears that, for those who participate in the Canadian raising
split, they do have some level of metalinguistic awareness about
changes or differences in the vowel. Other participants appeared
to be more heavily influenced by orthographic <t> and <d>
in their intuitions about their own productions. Participant
intuitions according to the distinction they reported in their
speech, relative to their Pillai scores at 30% vowel duration
and their perception accuracy rates, are visualized in Figure 12.
Almost all speakers who reported a vowel contrast in their own
speech obtained very high Pillai scores in production and none
of the speakers who reported lack of contrast had a Pillai score
above 0.5.

Regarding the relationship between reported phonological
contrast and perception, speakers who reported that they
produced a phonological contrast in the diphthong clearly

outperformed other speakers, most having over 80% accuracy
in the 2FC identification task. As can also be seen in Figure 12,
speakers who reported a difference in the pronunciation of the
consonant show a very wide range of accuracy in that same task.

Our results for writer-rider show that perception and
production of the contrast pattern very closely together. Those
who were clustered as having a split in production were
also clustered as being able to discriminate [ai] and [a1].
Those who were clustered instead as not producing a contrast
were also clustered as being unable to discriminate the two
phones. Intra-speaker inconsistencies between perception and
production were rare. Speakers who participated in the split
also tended to be aware of differences in vowel quality
between the target vowels in writer and rider. These results
are clearly different from those of Experiment 1, on the
[a-o] contrast. Interestingly whereas Canadian raising has been
described as resulting in a marginal contrast, this contrast
appears to be more robust when production and perception
are considered than the merger in progress that we are also
analyzing here.

DISCUSSION

Research on perception and production has largely been
conducted under the assumption of a binary distinction
based on phonemic category. However, the contrasts
under study here, [a-0] (“cot-caught”) and [ai-a1] (“writer-
rider”), cannot be easily categorized as either phonemic or
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FIGURE 11 | Correlations between ABX perception accuracy and Pillai scores at 30% vowel duration (top left) and 80% vowel duration (top right) and between 2FC
perception accuracy and Pillai scores at 30% vowel duration (bottom left) and 80% vowel duration (bottom right) for writer-rider. Participants are clustered based on
perception and production independently, with the two clustering analyses visually combined to show 3 groups, where the first NO or YES of each label signifies the
contrast in perception and the second signifies a contrast in production. NO/NO (participant clustered in the group with no contrast based on Pillai scores for both
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(contrast in both perception and production) is in blue.

allophonic, due to ongoing sound changes involving each pair
of phones.

Regarding production first, an examination of Pillai scores
for the two contrasts shows larger Pillai scores (greater distance
between vowels) for those who produced a contrast between
writer-rider, compared to smaller Pillai scores for those who
appeared to maintain a contrast between cot-caught. In other
words, although some speakers did produce a discernible
contrast between [a-0], the relative distance between the
two phones is smaller than that between [ai-ar] of writer-
rider. The number of participants in our experiment with
relatively large Pillai scores is also greater in our writer-rider
experiment than in the cot-caught experiment. The writer-
rider split appears to have progressed to a point where it is
more stable than the current state of the cot-caught contrast,
both in terms of phonetic stability, in that the contrast is
realized consistently with a greater distance between vowels,

and in terms of phonological stability, in that speakers with the
contrast patterned very closely in production and perception
and were able to identify the contrast in terms of their own
vowel productions.

As for the production-perception link, participants with
a production contrast (high Pillai scores) for writer-rider
showed higher accuracy in both perception tasks (ABX:
80%; 2FC: 89%) relative to those who had a contrast in
production for cot-caught (ABX: 69%; 2FC: 78%). Results
for perception accuracy for raisers and non-raisers of
writer-rider are comparable to previously found results
by Strickler (2019) for speakers in the Fort Wayne,
Indiana area.

Additionally, the correlations between perception and
production for writer-rider are much stronger than those for
cot-caught, further supporting the view that the writer-rider
split has progressed to a more stable point than the cot-caught
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contrast has at present. Those with the writer-rider contrast in
production were highly accurate in perception, whereas those
without the contrast had poorer performance (85% vs. 65% mean
perception accuracy between ABX and 2FC). In comparison, for
cot-caught, participants with the contrast in production averaged
73% in overall perception accuracy while those without the
contrast averaged 69%; compared to the 20% difference between
groups for writer-rider, the 4% difference for cot-caught seems
to further indicate weaker perception-production correlation for
the latter pair. These findings suggest that speakers in northern
and central Illinois may receive variable input regarding the
cot-caught contrast, although the current status of merger
progression cannot be established solely from our experimental
results due to a lack of real- or apparent-time data. However,
compared to what had previously been documented for northern
and central Illinois (including the Chicagoland area, from
which we have 14 participants) (e.g., Labov et al, 2006), a
number of speakers in our study have fully merged the two
sounds. The place of where each participant was raised, along
with their status as mergers or non-mergers, can be seen in
Figure 1.

For cot-caught, these maps show a mix of speakers with and
without the merger in both Chicagoland and central Illinois,
supporting the idea that the merger has advanced in recent
years beyond a mere transitional state for some speakers.
Of the two speakers from southwest Illinois (the St. Louis
area), one appears to maintain the cot-caught contrast while
the other has merged the two phonemes. Location data for
the writer-rider contrast showed less change from past data.
Speakers in Chicagoland largely have the contrast, although
not all of them do; speakers in central Illinois do not. One of
the speakers from the St. Louis area shows evidence for the
writer-rider split, which is a feature of Chicago English. This

finding is consistent with previous work by Labov et al. (2006)
and the general pattern showing that the St. Louis corridor,
along Interstate Highway 55, has served to transmit sound
changes from Chicago to the St. Louis area (Labov, 2007). These
comparisons, albeit made with a relatively small sample size,
tentatively suggest that listeners continue to receive variable
input as to the status of the cot-caught merger in Illinois, while
the geographical distribution of the writer-rider split has stayed
largely the same.

For each contrast, our clustering analyses separated
speakers into two groups for production (high vs. low
scores, interpretable as “produce the contrast” and “do not
produce the contrast’) and two groups for perception (“can
perceive the contrast” and “cannot perceive”’). Based on the
distribution and overlap of speakers in each of these groups,
our results appear to support interesting differences regarding
the link between perception and production for splits as
compared with mergers, and for the trajectories of both
sound changes.

For the writer-rider split (Experiment 2), two main groups
emerged: those who could produce and perceive a contrast
between writer-rider, and those who could not produce or
perceive the contrast. Only one participant was clustered
separately as having a contrast in production but not perception.
Perception and production showed moderate to strong
correlations, suggesting that speakers with the writer-rider
contrast in production will perform better in perception of
that contrast; this corresponds with results found by Strickler
(2019). There was only one participant who, despite being
clustered as part of the group that produces a contrast, had
relatively low accuracy rates in perception. These results
show that production and perception largely go together in
this case.
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Sound Change Trajectories

At the beginning of certain sound changes, such as phonemic
splits, listeners may attend to secondary cues which are initially
non-contrastive. Responses from speakers who participated in
the split seemed to indicate that they were aware at some level
of a difference in vowel duration, which has been found to vary
depending on whether the flap is an underlying /t/ (138.44 ms) or
/d/ (157.72 ms) (Hualde et al., 2017). Strickler (2019) also reports
avowel duration difference of ~15-17ms. Attention to secondary
cues as a path to sound change has been previously suggested for
other changes such as vowel fronting (Harrington et al., 2012;
Kleber et al., 2012), and perceptual weighting of FO vs. other
primary cues (Kuang and Cui, 2018).

For phonological mergers, such as cot-caught (Experiment
1), our results show a more complicated relationship between
perception and production, reflective of cot-caught as a
more marginal contrast for our group of speakers. Although
correlations between perception and production were very weak
[in line with Baranowski (2013) and Hay et al. (2013)], our
clustering analyses illuminated patterns among inconsistencies
between perception and production. Our clustered participants
were representative of four different groups, including those who
were merged in their perception but maintained a contrast, as
well as those whose productions were possibly merged but were
still able to discriminate in perception.

A substantial body of work has shown that in mergers in
progress, merger in perception may come before a merger in
production (Labov, 2011: 334), with previous studies finding
support for a perception lead (e.g., Di Paolo and Faber, 1990;
Herold, 1990). Recent support for a perception lead comes from
Pinget et al. (2020), who examined the devoicing of initial
labiodental fricatives and initial bilabial stops in Dutch, a process
that appears to be resulting in a merger or near merger. For those
individuals who participated in this sound change, Pinget and
colleagues found that most individuals tended to change their
perceptual patterns before changing their production patterns
in speech.

However, there have been mixed results regarding the
directionality of mergers. In the same study, Pinget et al. (2020)
found that even when productions of the voiced and voiceless
categories were merged, results showed that perception lagged
behind production, in that some participants were still able to
discriminate a contrast that they no longer produced. Baranowski
(2013), examining the pin-pen [1-¢] merger in Charleston, South
Carolina, found that speakers were more likely to be merged in
production than perception, although there was no significant
difference between production and perception for cot-caught.
Austen (2020), tracking the distribution of the pin-pen [1-€]
merger across the United States, found that almost all speakers
who merged the two phones were still able to discriminate them
above chance (but below 100% accuracy) in a two-alternative
forced choice identification task. For the Ellen-Allen merger in
New Zealand (Thomas and Hay, 2005; Hay et al., 2013), and for
the cot-caught merger in Hawai’i and the western United States
(Hay et al., 2013), speakers who were merged in production could
still discriminate between both pairs in perception.

This group of speakers, classified as those who are merged in
production but are still able to discriminate the target phones,
comprised 35% of our participants; despite participating in the
cot-caught merger, a large number of speakers still appeared to
maintain the ability to perceive a contrast. This lends support to
the hypothesis that the merger is still in progress in northern and
central Illinois and that productions of the cot-caught contrast
may vary at the level of individual speakers. However, it cannot
be ruled out that there is instead stable variation in the regions
under study, given the lack of real- or apparent-time data in
our study.

While sound changes may begin with changes in perception
for individual speakers, not all speakers participate in a sound
change at the same rate. In a speech community where a
merger is still in progress, different speakers may continue
to produce both merged and unmerged variants, requiring
listeners to maintain a contrast in their perceptual systems.
This suggests that, for individual speakers, completion of the
merger in perception may lag behind completion of said
merger in production (Janson and Schulman, 1983; Pinget
et al., 2020). In contrast, for phonemic splits and other sound
changes that result in phones being added to a speaker’s
phonological inventory, no such lag in perception may be
expected, as evidenced by the high correlations between
perception and production of writer-rider by speakers in
our study.

To summarize, two marginal contrasts as perceived and
produced by the same group of speakers were examined in this
study, with one marginal contrast representative of an ongoing
phonological merger and the other representative of a phonemic
split. For speakers in this study, overall lower accuracy levels
in perception for cot-caught, and greater overlap in Pillai scores
for production, suggest that this contrast is more marginal.
The writer-rider contrast appears to exhibit more robustness
in this community, although perception accuracy was not at
ceiling (relative to control items, where perception accuracy
was near or at ceiling), suggesting that writer-rider may still
be considered an example of a marginal contrast (e.g., Hualde
et al,, 2017, 2021), albeit one that has become more stable in
the speech community under study. Strikingly different results
were obtained regarding clustering of participants based on their
perception and production of the two contrasts, perhaps pointing
to different sound change trajectories for mergers as compared
with phonemic splits.
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