Influencing factors of nasal flapping in
English

Luca Garai

ELTE BTK Nyelvtudomanyi Doktori Iskola

garailuc@gmail.com

Abstract: The study is concerned with the flapping of in-
tervocalic /nt/ and aimed to determine whether lexical fre-
quency plays a significant role in flap production, whether
male speakers are more likely to produce flaps than female
speakers, and whether speech rate influences the likelihood
of flap production. A set of samples was collected with words
containing intervocalic /nt/ with the same preceding and fol-
lowing vowel, and then annotated in Praat to gather seg-
ment durations. The results were evaluated using descrip-
tive statistics and logistic regression. The data show that
higher lexical frequency positively influences the likelihood
of flap production, that male speakers produce flaps more
frequently than females, and that shorter word duration is
associated with a higher likelihood of flapping. The results
shed light on the specific nature of nasal flapping, as well
as confirm some previous theoretical notions regarding the
influencing factors of alveolar lenition.
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1 Introduction

The process of flapping in English has been a heavily discussed topic
in linguistics for almost a century. According to de Jong (2011:
2711), the first records of what we call flapping today were made in
the 1930s, when scholars described the appearance of differently ar-
ticulated word-medial /t/s. However, as Drinka (1990: 113) points
out, Elphinston had already observed the voicing of fortis alveolar
plosives in 18% century “vulgar” London speech, citing examples
such as “proddestant” and “pardner.” In the first half of the 20*"
century, Kenyon (1994: 126) noted the presence of “voiced t” be-
tween other voiced segments in American English and observed that
it must differ from /d/ due to the lack of confusion by American
speakers between pairs such as putting—pudding.

Since then, numerous studies have been conducted regarding dif-
ferent aspects of flapping. Its neutralizing effect, its various possible
environments and context, its behavior in other dialects of English,
and the phonemes it affects are all among the most frequent top-
ics of debate when it comes to flapping (Vaux, 2000). The current
study mainly focuses on the target phonemes of flapping, specifically
/n/ and nasal-plosive clusters /nt, nd/. Literature on the flapping
of these segments is lacking, as most analyses are directed at the
flapping of alveolar plosives. However, due to the evolution of the
phenomenon since its appearance in the early 20" century, the need
for empirical research has become substantiated regarding nasal flap-
ping in order to broaden the current understanding of the flapping
process.

1.1 Alveolar flapping in American English

There are numerous features regarding English flapping which have
been concurrently observed by most scholars. One of them is the
produced flap sound itself. Contrary to how Kenyon (1994) first
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perceived the flap in the English language, it is not simply a voiced
version of /t/. In fact, it is so different that “flap” is usually cited
as a separate manner of articulation (Laver, 1994: 130). Analyses of
the type of articulatory motion which is involved in the production
of flaps have shown that high speed and brief contact between ac-
tive and passive articulators characterize the process (Laver, 1994:
145). Steriade (2000: 323) agrees that the feature which distin-
guishes flapped allophones from fully articulated ones is their “ex-
tra short closure” duration. According to Zue and Laferriere (1979:
1044), the majority of flap sounds “vary in duration from 10 to 40

7

ms.

In this regard, some scholars differentiate between flaps and taps,
on the basis of a different form of contact—sliding or ballistic. How-
ever, since there is not enough evidence to support a clear and prof-
itable distinction between the two processes, the question of flaps
versus taps is primarily terminological at this point (de Jong, 1998:
284). The present paper utilizes the terms “flap” and “flapping”,
simply because, even though there is some conflict between view-
points, the majority of the literature uses the same phrases to refer
to this phenomenon in the English language.

According to Klatt (1975: 699), voiced-voiceless plosive pairs ex-
hibit different closure durations in similar intervocalic environments.
Articulatory analyses have shown that flapped /d/s and /t/s do come
close in terms of closure duration, but their assimilation is not com-
plete (Kenyon 1994: 316-7; Zue and Laferriere 1979: 1042). There-
fore, even though the audible difference becomes so negligible that
it inhibits perceptual differentiation and listeners must decipher the
underlying phoneme by using other cues, it can be said that flapping
is not a completely neutralizing process.

There have been various acoustic analyses regarding the neutral-
izing effect of alveolar flapping in English, which investigate whether
or not word pairs such as bitter—bidder become homophonous as a
result of flapping. Two of the most often studied features of the
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phenomenon in this regard are closure duration and vowel duration.
Kiparsky (1982: 127) claims that flapping is a process of “contex-
tual neutralization,” meaning that it merges /t/ and /d/ only in
the distinct environments it occurs in. Kenyon (1994: 318) notes
that /t/ flaps are shorter than /d/ flaps based on the comparison
of spectrograms, thus the neutralization is only partial, occurring in
the form of voicing. Furthermore, production studies analyzing the
duration of the vowel preceding the flap have also shown distinct re-
sults: flapped /t/s are preceded by shorter vowels than flapped /d/s,
which supports the claim that flapping yields incomplete neutral-
ization (Braver, 2011: 37). Bermudez-Otero (2004) attributes the
differing vowel durations to Prefortis Clipping, which shortens the
surface duration of vowels before voiceless plosives, including /t/. He
claims that the reason why the vowel duration distinction is present
even in flapped variants, where both /t/ and /d/ are voiced, is be-
cause Prefortis Clipping takes into account the underlying plosive
phoneme, i.e. it is irrespective of the flapping process (5). There-
fore, it can be said that flapping, at least on an acoustic level, does
not neutralize word pairs such as betting-bedding.

One of the questionable features regarding alveolar flapping is
the apparent variety between /t/ allophones ([c], [t], and [?]) even
in previously established mandatory flapping environments. Steri-
ade (2000) claims that discrepancies such as mandatory flapping in
capitalistic but a fully articulated /t/ (with a voiceless closure phase
and an explosive release) in militaristic are due to Paradigm Uni-
formity, meaning that the probability of flapping in these kinds of
derived word forms corresponds to the pronunciation (and stress pat-
tern) of their base forms, in the mentioned examples, to capital (/t/
between V_V, flapped) and military (/t/ before secondary stress,
unflapped), respectively. On the other hand, Patterson and Con-
nine (2001: 267) attribute the intervocalic occurrence of all three
allophones to lexical frequency and morphological complexity. They
found that while 95% of high-frequency words exhibited flapping,
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only 76% of low-frequency words did so, and that in monomorphemic
words (e.g. city), 96% contained [r] intervocalically, as compared to
63% in morphologically complex words, where the intervocalic /t/
was the result of an added suffix, such as parting (Patterson and
Connine, 2001: 258-9). Therefore, they claim that the more a word
with a possible flapping environment is uttered in everyday speech
and the fewer morphemes it contains, the more likely speakers are to
favor the production of [¢] above other /t/ allophones. Apart from
the linguistic features of flapping, there are also some social connota-
tions associated with it in English. Zue and Laferriere (1979: 1077)
found that female speakers tend to produce much longer flaps than
males and that women are also much more likely to articulate /nt/
fully, while men exhibit /n/-deletion almost exclusively, with either
a flapped or an aspirated /t/. The authors attribute this difference
to females preferring more careful, less reduced surface realizations
than men. However, the gender distinction observed by Zue and
Laferriere (1979) might be due to the formal context of their exper-
iment, since their research did not focus on spontaneous utterances;
instead, they instructed their subjects to read out a list of words in
a controlled environment, which can lead to hypercorrection in most
speakers. Nevertheless, potential gender differences in flap produc-
tion should be examined.

1.2 Nasal flapping and post-nasal alveolar plosives

The presence of flapping after highly sonorous consonants has been
documented since the late 1930s (Vaux, 2000). Kahn (1976: 64)
notes that if /n/ precedes a flap, it cannot be consonantal, but in-
stead only nasalizes the vowel before it and is then deleted. This
way, in his analysis, the pronunciation of winter in casual speech is
[wirar], while careful speech preserves both the [n] and the [t]. Zue
and Laferriere (1979: 1045) also find significant variation between
the articulations of /t/ in post-nasal position. They mention fully ar-
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ticulated (e.g. minty /'mmtij/), deleted (e.g. pentagon /'penos,gan/),
and flapped realizations as well, with the latter appearing in words
where /n/ is deleted after nasalizing the preceding vowel, in words
such as antelope /’etolowp/. However, Vaux (2000) counters this
viewpoint by stating that most post-nasal alveolar plosives, instead
of flapping, are deleted, thus yielding a nasal flap (formed from the
remaining intervocalic nasal alveolar): [F].

The flapping of /n/ is supported by Picard’s (1997: 290) findings,
who asserts that flapping “also applies to alveolar nasals in exactly
the same environments as /t, d/” and that the nasal flap can appear
as an allophone of /nt/ as well. He then compares the formation of
homophonous winter and winner [wifa], in order to propose a sim-
pler flapping process than that of Jensen (1993). Instead of deleting
/n/ first and then renasalizing the resulting flap, he opts for the
deletion of the plosive and yielding the nasal flap directly from /n/
(compare fig. 1 and fig. 2).

LEXICAL REPRESENTATIONS fwintar/ Mwin+ar!
MASALIZATION T 1
MASAL CONSONANT DELETION @ -
FLAPPING r r
OUTPUT [wirar] [wirar]
NASAL SPREADING [wirar] [wirar]

Figure 1: Jensen’s derivation of winter and winner from Picard

(1997: 291)

Picard’s claims for a simpler analysis are convincing, however, in
his assertion regarding the flapping of intervocalic nasals, he only
refers to the fact that most previous analyses did not recognize /n/
as a possible subject to flapping (1997: 290). Furthermore, Vaux
(2000) supports the flapping of /n/ in words like twenty with rule-
ordering and referring to other theoretical claims, including those
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of Picard (1997). The issue with these viewpoints advocating for
nasal flapping lies in the (unjustified) premise that the intervocalic
realization of the nasal alveolar (as in winner) can be phonetically
classified as a flap (the properties of which are detailed above), as
compared to a fully realized [n], and that this realization differs from
flapped variants of /t, d/ .

LEXICAL REPRESENTATIONS fwintar/ Meinarf
ft/-DELETION @ -
FLAPPING r Iy
QUTPUT [wifar] [wiar]!!

Figure 2: Jensen’s derivation of winter and winner from Picard

(1997: 291)

Furthermore, whether winner and winter are, in fact, homophon-
ous when the latter exhibits a flap between its two vowels is not
backed up by Picard (1997) or Kahn (1976) with other than assump-
tions based on their own pronunciation. At the same time, while Zue
and Laferriere (1979) provide an empirical basis for the realization
of /nt/ clusters in an intervocalic environment and discover vari-
ous possibilities, their research does not cover /n/ allophones and
their conclusions follow the "/n/ deleted after nasalization, then /t/
flapped" path of flapped /nt/. Moreover, their study was conducted
in the late 1970s and observed the pronunciation of only six subjects,
rendering their results unsuitable for a 21%* century analysis of the
flapping phenomenon, which has been increasingly ubiquitous in the
everyday use of English. The flapping of /nd/ clusters is not touched
upon by any of the theoretical analyses dealing with nasal flapping.
The observations made by Zue and Laferriere deem it impossible, as
they note that ”/n/ is almost never deleted” in this position, there-
fore the flap cannot be realized from the remaining plosive (1979:
1045). The present study takes into consideration the fact that the
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deletion of the nasal may not be required for flapping, as well as the
broadening set of elements which may undergo flapping, and it also
analyzes samples with this cluster.

1.3 Previous findings and current hypotheses

The study conducted in the previous phase of the current research
(Garai, 2019) shed light on various patterns regarding nasal flap-
ping in American English. Its findings confirmed that the alveolar
nasal /n/ has a distinct flapped allophone which is different from /t,
d/ flaps in terms of segment durations, and that when flapped, the
articulation of /nt/ clusters is more similar to that of /n/ flaps in
terms of segment durations. One significant takeaway of the research
regarding /nt/ flaps, however, is that the frequency of flapped real-
izations vis-a-vis fully articulated /nt/ clusters varies considerably
between the words chosen for analysis, as can be seen in fig. 3.

In the case of twenty and winter, the overwhelming majority of
samples were either flapped or unflapped (91% of tokens were flapped
in twenty samples and 29% were flapped in the case of winter),
whereas the ratio of flapped and unflapped counting samples was
more balanced (57% flapped). Therefore, this consonant cluster is
the ideal candidate for examining various hypotheses related to the
phenomenon of alveolar flapping, as it is a currently emerging target
of the lenition process in question. The current experiment seeks to
evaluate the following three claims based on the analysis of samples
with intervocalic /nt/ clusters in a similar phonetic environment:

(1) higher lexical frequency increases the likelihood of flap produc-
tion;
(2) males are more likely to produce flaps than female speakers;

(3) faster speech increases the likelihood of flap production.

Hypothesis (1) is based on Patterson and Connine’s (2001: 267)
statements, while (2) reflects on the results of Zue and Laferriere’s
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(1979: 1047) research, as well as some observations made at the end
of the previous study, and (3) aims to determine whether speech rate
has an influence on flap frequency, since the sample set collected for
analysis in the current study gives way to testing such a claim.

counting winter twenty
90 90 90
80 80 80
70 70 70
60
60 54 60
50 24 50 50
40 40 40 /f 1
30 30 30
20 40 20 = 20 . .
30 *
10 : 10 10 ’
0 0 o 0
male female male female male female
H[F] ®[nt] =[] =[nt] u[f] =[nt]

Figure 3: Distribution of /nt/ realizations across the three /nt/
words analyzed in the previous phase of the research, with regard to
the gender of the speaker

2 Methods

As established above, the main objective of the current study was
to analyze samples where /nt/ appears in a similar phonetic envi-
ronment. Thus, the following four words were selected for analysis:
counting, mounting, accounting, amounting. These words were cho-
sen based on the findings in 1.3. Out of the three /nt/ words an-
alyzed previously, counting showed the highest variability between
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flapped and unflapped realizations, and as such, it was expected to
supplement the evaluation of claims regarding various factors which
may influence flap production. The other three words were selected
because they provide the same phonetic environment for the nasal-
plosive cluster in terms of adjacent vowels.

Fifty instances of each word were collected from the (semi-)spont-
aneous speech of various North American speakers in YouTube videos.
YouGlish.comwas utilized to search for each utterance. The sam-
ples were obtained using the output-recording capabilities of Audac-
ity (Audacity Team, 2018). During sample collection, the main goal
was to have samples with little to no interfering sound effects or
other elements which may skew the data. Recordings with poor au-
dio quality (due to the microphone used or the quality of the video
itself) were also disqualified. It was also a priority to have a more
balanced ratio between male and female subjects than in previous
sample sets. The collection process did not allow for samples ut-
tered by the same fifty subjects in all four sample sets. Although
there was a small number of instances where multiple samples were
taken from different utterances of the same speaker (this was possi-
ble for speakers who were easily identifiable and of whom there was
a substantial amount of content uploaded to YouTube, e.g. Barack
Obama). Flap production was not a factor when selecting potential
samples, since the aim of the current research is to compare flapped
and unflapped instances and their respective frequency. Therefore,
the first fifty utterances which fit the aforementioned criteria were
recorded, along with the gender of the speaker and, in the case of
mounting and accounting, the syntactic category of the utterance.

Afterwards, all 200 samples were segmented and annotated in
Praat (Boersma and Weenink, 2018). The durations extracted for
analysis were closure duration (separately for /n/ and /t/ in un-
flapped instances, but these were later combined for comparison),
word duration, and the duration of the homophonous /avntiy/ por-
tion of each sample. During the annotation process, the perceived
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realization (fully articulated or flapped) of the /nt/ cluster in each
sample was noted along with the durations measured, based on the
author’s individual judgment, as the original plan to conduct a per-
ception experiment with various participants had to be postponed
due to the pandemic. Samples where the two consonants could be
distinguished from each other, both audibly and on the spectro-
gram, were marked as unflapped, including utterances where the
plosive underwent voicing, and the cluster was realized as [nd] with
a full occlusion before release. Meanwhile, samples with no distinct
/n/ and /t/ realizations in the intervocalic closure were marked as
flapped. An example pair of an unflapped and a flapped token of
mounting are shown in spectral form in fig. 4, with the realization
of the target /nt/ cluster indicated in the images.

mounting (unflap
| {1 "I"

5000

Frequency (Hz)

“Time (s)

Figure 4: Spectrograms of the word mounting with unflapped /nt/
(left) and flapped /nt/ (right); arrows indicate the boundaries of the
target consonant cluster.

The measurements were then exported into an Excel spreadsheet,
and the statistical analysis took place in Python (Python Software
Foundation, 2019), with the help of pandas (The pandas develop-
ment team, 2021) and statsmodels (Seabold and Perktold, 2010).
The mean, median, and standard deviation of closure durations in
each sample set were calculated, separately for flapped and unflapped
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instances; the confidence interval for the mean was 95% in all cases.
Afterwards, logistic regression was used to determine the effect of
the various factors on flap production. First, the relationship be-
tween consonant duration and perceived flap production was mea-
sured to determine the accuracy of the classification (flap status ~
C duration). Then, a second logistic model was created to exam-
ine the effect of lexical frequency (based on The Corpus of Con-
temporary American English, henceforth COCA [Davies, 2008] and
Google search results), the gender of the speaker (dummy coded),
and speech rate (the duration of the homophonous portion of each
sample) on flap production rate (flap status ~ lexical frequency *
gender * /avntiy/ duration). Flap frequency in relation to syntactic
category was also examined in the case of mounting and accounting.

3 Results

The data collected for analysis in the current study included sam-
ples with flapped and fully articulated realizations of /nt/ as well.
Therefore, treating the gathered set of data as a single unit and
conducting the statistical analysis on it as such would lead to the
misrepresentation of values. It is expected that the measured dura-
tions of the intervocalic closure will fall into two (at least somewhat)
distinguishable groups, since, as established by the literature (e.g.
Steriade, 2000: 323) and previous findings, flapped realizations of
alveolar consonants and nasal-plosive clusters exhibit much shorter
closure durations than their fully articulated counterparts. Fig. 5
shows the distribution of the measured closure durations in all 200
samples. It can be seen on the histogram that one of the frequency
peaks falls between the 10 to 40 ms range, which was established
as the duration range for alveolar flaps by Zue and Laferriere (1979:
1044). The density of measured durations above 40 ms is less con-
centrated, but another frequency peak can be observed between 90
and 100 ms.
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number of tokens
- = N W WA A
W (=) Wi [ W (=) W (=) W
1 Il Il Il 1

(=]
I

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
closure duration (ms)

Figure 5: Histogram of closure durations across all /nt/ samples

During the annotation process, the perceived realization (un-
flapped or flapped) of /nt/ clusters in each sample was recorded,
based on whether the author heard a fully articulated [nt] cluster
with two distinct segments, or a single flap(like) sound. However,
it would be unwise to categorize samples based solely on subjective
judgment. Therefore, the effect of measured consonant duration on
perceived flap production (denoted by 0 for unflapped samples and
1 for flapped ones) was measured using a logistic regression model.
The results showed that the duration of the realized /nt/ cluster had
a significant effect on whether the author perceived the realization
as a flap or not (z = 7.027;p < 0.001). The mean duration of /nt/
clusters classified as flaps (29.51 4+ 7.93 ms) was considerably lower
than that of unflapped clusters (102.85 4+ 24.7 ms). This signifies
that if we take closure duration to be the primary distinguishing
feature between flapped and fully articulated variants, flapped ones
being substantially shorter (as argued by Steriade [2000: 323] among
others), it can be assumed that the grouping of samples based on
perceived flap production was accurate, and in general, the longer
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the measured closure duration was in a given sample, the less likely
it was to be perceived as a flap.

After arranging the samples into flapped and unflapped instances
of each word, descriptive statistical analyses were conducted to cal-
culate the mean and median of closure durations, the standard de-
viation, as well as the minimum and maximum value in each group
of samples (word and flapping status). The calculated values, along
with the number of samples in a given category, can be seen in table
1 below. The proportion of flapped realizations varies across the four
words analyzed. While 27 out of 50 counting samples have a flapped
/nt/ (amounting to 54% of the sample size) and 28 accounting sam-
ples are flapped (56%), the same can be said for only 13 samples in
the mounting group (26%) and 16 amounting samples (32%). Over-
all, 84 of the 200 samples were perceived to contain flaps, which is
42% of all samples collected.

The mean and median values for flapped /nt/ closure durations
each fall into the 10 to 40 ms range and differ considerably from
those of unflapped instances. Similarly, the standard deviation of
unflapped samples is substantially higher, allowing for a wider range
for closure duration in fully articulated /nt/ realizations. Notably,
the maximum value of flapped closure durations in all four sample
groups is above the upper limit of the typical flap range, whereas
the minimum value of unflapped closure durations among amounting
samples is within the flap range. This, of course, does not mean that
the duration range established in previous literature is necessarily
incorrect, as there are bound to be some outliers in a set of data.

The visualization of the data presented in table 1 can be found in
fig. 6 below. The previously established 40 ms upper limit for flap
durations is marked with a red line, and it can be inferred that the
majority of samples classified as flaps fall under this line, (only one
flapped instance of each word had a consonant duration above 40
ms). The only overlap between flapped and unflapped realizations
was observed in the case of amounting, but this was due to one
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item in each group (a flapped cluster with a 54 ms duration and an
unflapped /nt/ cluster which was 39 ms long), and the two sample
groups (flapped and unflapped) are clearly distinguished by duration
in the other three words.

No. of Mean C Median C
Word /nt/ ) duration  duration SD
tokens
(ms) (ms)

Min. Max.
value value

count- 7] 27 26.84 27.56 6.92 13.09 44.04
ing [nt] 23 106.04  107.95 25.80 49.40 164.59

mount-  |F] 13 28.11 23.29 10.57 20.57  59.01
ing [nt] 37 111.30  107.27  24.08 75.44 164.90
account-  |£) 28 32.31 33.73 5.64 18.78 41.81
ing [nt] 22 97.32 97.71  23.93 5283 152.77
amount-  [I] 16 30.27 28.99 9.38 16.84 53.74

ing [nt] 34 95.06 93.84 22.69 38.54 154.07

84 2051 2850 793 1309 50.01
mt] 116  102.85  101.57 24.70 38.54 164.90

Table 1: Duration of intervocalic /nt/ across all four words sampled,
categorized by perceived

3.1 Flap production based on lexical frequency

This subsection details the findings regarding the first one of these,
which links lexical frequency and the likelihood of flap production
based on previous claims made by Patterson and Connine (2001).
For purposes of comparison, each of the four words was entered into
the search function of The Corpus of Contemporary American En-
glish (Davies, 2008) and the number of results was recorded, along
with the estimated Google search results of the same word. The
collected data, along with the percentage of flapped realizations in
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each word’s sample set, can be seen in table 2. Out of the four words
analyzed, accounting was found to be the most frequent both on the
COCA website and in terms of Google search results. This corre-
sponds to the fact that with 56%, it was the one with the highest
percentage of flapped /nt/ clusters. The second most frequent word
in COCA was counting, although it only placed third in terms of
Google search results; this word had the second highest percentage
of flapped realizations. The two words with lower flap production ra-
tios, however, do not seem to follow the same principle. Even though
mounting had over eight times as many search results in COCA than
amounting, and over sixteen times as many Google search results, the
percentage of flaps produced in amounting samples exceeded that of
mounting by eight percent. The logistic model, which included the
factors for all three hypotheses put forth (lexical frequency, gender
of the speaker, /avntiy/ duration), showed that in the case of lexical
frequency, there was a significant effect on whether the given sample
was articulated with a flap (z = 5.441;p < 0.001).

180

160 ° -~
T M counting []
140

[ counting [nt]

120 % M mounting [7]
100 . . [ mounting [nt]
30 l M accounting [7]

M accounting [nt]

duration (ms)

60 °

M amounting [f]

o £
o
40 2 L L
+ * _ M amounting [nt]
20

0

Figure 6: Comparison of closure durations in flapped and unflapped
realizations of all four words analyzed
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Word % of COCA  Google search
flapped samples frequency frequency

counting 54% 18,610 265,000,000

mounting 26% 6,485 434,000,000

accounting 56% 19,396 501,000,000

amounting 32% 797 27,000,000

Table 2: Comparison of flap production ratio and the lexical fre-
quency of each word

When collecting samples for mounting and accounting, the syn-
tactic category of each sample was recorded. The utterances of
mounting appeared in either a verbal (e.g. mounting a horse) or
an adjectival (e.g. mounting evidence) position, while those of ac-
counting were either verbs (e.g. accounting for the loss) or nouns
(e.g. I studied accounting). Since COCA (Davies, 2008) has a fea-
ture to specify the part of speech of the occurrence during a search,
the frequency of each category of the two words was gathered from
the corpus. The displayed findings are visualized in fig. 7 and dis-
played in table 3 below. Based on the comparison between flapped
versus unflapped occurrences and lexical frequency in each syntactic
category of both words, it can be said that lexical frequency does play
at least some role in determining the likelihood of flap production,
since mounting samples were more likely to be flapped as adjectives
than as verbs (albeit only slightly), and accounting samples were
more often flapped as nouns than as verbs, both of which relations
correspond to the respective lexical frequency of each category in

COCA.

3.2 Flap production based on the gender of the speaker

In order to test the hypothesis of the current study which is con-
cerned with the relationship between flap frequency and the gender of
the speaker, we must assess the ratio of male to female speakers with
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regard to flapped and fully articulated samples in the data. Over-
all, 65 of the 129 samples supplied by male speakers were flapped
(50.39%), while 64 were unflapped (48.61%). As for female sam-
ples, only 19 out of 71 were flapped (26.76%) and 52 were unflapped
(73.24%). The ratio of the two realizations among samples from
male and female speakers for each of the four words can be seen in
fig. 8.

mounting accounting

45 45
40 40
35 35
30 30
25 25
20 2 20
15 15
10 12 10
5 9 5 5

25

verb adjective verb noun

[F] =[nt] [F] = [nt]

Figure 7: Distribution of flapped and unflapped mounting and ac-
counting samples based on syntactic category

word IS);I;:; flapped unflapped frgtglgﬁcy
mounting verb 4 (25.0%) 12 (75.0%) 352
adjective 9 (26.5%) 25 (73.5%) 1,686
accounting verb 3 (37.5%) 5 (62.5%) 236
noun 25 (59.5%) 17 (40.5%) 12,243

Table 3: Distribution of flapped and unflapped mounting and ac-

counting samples based on syntactic category, with lexical frequency
in COCA (Davies, 2008)
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counting mounting accounting amounting

30 30 30
25 11 25 25 23
20 20 20
15 12 15 0 15
10 19 10 10 11
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5 3 5 7 5 "
0 0 0

male female male female male female male female

=[f] =[n] =[7] =[n] m[i] =[nt] u[f] = [nt]

Figure 8: Distribution of flapped and unflapped realizations of /nt/
based on gender in all four sample sets

It can be deciphered from the data that male speakers are in an
overall majority (making up 64.5% of all samples collected). How-
ever, as illustrated by the cumulative ratios, as well as in the separate
sample groups above, female speakers were more likely to produce
an unflapped articulation of /nt/ in all instances, outweighing males
in the unflapped sample groups of counting and mounting. Fur-
thermore, all utterances of mounting which were sampled from fe-
male subjects featured an unflapped realization of /nt/. The logistic
model also showed a significant effect of speaker gender on the like-
lihood of flap production (z = 2.414;p < 0.05). This corresponds
to the findings of Zue and Laferriere (1979), who concluded that fe-
male speakers are less likely to flap alveolar plosives intervocalically.
Male speakers were more likely to produce flaps in counting and ac-
counting over the fully articulated variant, but both male and female
subjects had a tendency to not flap the /nt/ cluster in mounting and
amounting. Overall, the findings of this subsection substantiate the
claim that males are more likely to produce flapped /nt/ clusters in-
tervocalically than female speakers; however, the sample size should
be increased and more balanced in terms of gender to legitimately
assess the hypothesis.
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3.3 Flap production based on speech rate

The final claim hypothesized that speech rate has an influence on the
flapping of /nt/ clusters, meaning that the faster a person speaks,
the more likely they are to produce flaps. The way to test this claim
under the circumstances of the current research is by looking at the
relationship between word duration and the duration of the /nt/
cluster. The reason why the speech rate of longer utterances was
not measured is because the heavy editing in many of the sampled
YouTube videos would have skewed the results. The scatterplot
in fig. 9 shows the relationship between word duration and /nt/
duration (the latter of which has been established as a considerable
indicator of whether a segment is a flap or not) grouped by flapped
and unflapped tokens.
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Figure 9: Scatterplot of the correlation between segment duration
and word duration of flapped and unflapped /nt/ samples

It is important to note that the four words analyzed have varying
syllable counts and /or begin with a differently articulated consonant.
These differences may influence the data in a way which would lead
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to inaccurate results. Therefore, the duration of segments before the
vowel preceding /nt/ was subtracted from the word duration in each
sample, resulting in the duration of the /auvntiy/ portion of all 200
samples, creating underlyingly homophonous tokens. This /avntiy/
duration was used in the logistic regression model. The results show
that the duration of this part of the word had a significant effect
on flap production likelihood (z = 5.223;p < 0.001), and based on
fig. 10 below, we can infer that the shorter the duration of the
Javntiy/ portion of a sample was, the shorter the /nt/ cluster was
realized in it, along with a higher likelihood of flapping. As can be
seen in this figure, the data are much more concentrated near the
trendline compared to the word duration comparison. Therefore, at
least based on the duration of surrounding segments, it can be said
that hypothesis (3) is supported by the findings of the current data,
meaning that a faster rate of speech indicates a higher likelihood of
flapping intervocalic /nt/ clusters.
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Figure 10: Scatterplot of the correlation between segment duration
and the duration of the /nt/ portion of flapped and unflapped /nt/
samples
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4 Conclusion

The current study focused on the flapping of /nt/ clusters, and its
hypotheses were concerned with some of the factors which may influ-
ence the likelihood of flap production: lexical frequency, the gender
of the speaker, and speech rate.

The first hypothesis was corroborated, as words with higher lex-
ical frequency were generally more likely to exhibit flapped /nt/
clusters (although words with lower lexical frequency deviated from
this trend), and the same was true when comparing utterances of the
same word in various lexical categories. The second was supported
by the data, which confirmed that male speakers were more likely to
produce flaps than females, but the small sample size and unequal
gender proportions do not provide a solid basis for this claim. The
third hypothesis regarding speech rate was also verified based on the
comparison of closure durations and word durations, meaning that
the faster a speaker utters the word, the more likely they are to
pronounce it with a flapped /nt/ cluster.

Future steps of the research include collecting samples from sub-
jects in person, if a viable method can be designed, after which the
tests presented in this paper can be rerun, other spectral features
of the sampled data can be included in the research, and the role
of word frequency and complexity, as well as gender, can be further
inspected. It would also be beneficial to conduct some sort of per-
ception experiment where listeners’” ability to distinguish nasal flaps
from /t, d/ flaps could be tested, and to perhaps explore other di-
alects of English for nasal flapping. The results of the present study
can be useful to those wishing to construct new theoretical analyses
of flapping, and they present empirical data and deductions relating
to a previously (at least empirically) unexplored aspect of flapping
which is evidently gaining ground in the everyday speech of Ameri-
cans. Sound reduction processes are a natural element of every living
language and they shape the way we use and interpret the language
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in order to stay decipherable to fellow speakers and to be able to
understand them as well. This is why it is important to stay up to
date with the current state of linguistic phenomena such as flapping.
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