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ABSTRACT

Tonogenesis has been commonly described as a
language-internal phonetic process. Yet, recent
literature on contact languages in Africa suggests that
it may also occur when languages with different
word-prosodic systems come into contact. To test
whether language contact is indeed a possible trigger
of tonogenesis, this study compares the pitch
production of monosyllabic content and function
words by 39 speakers of Hong Kong English (HKE),
a contact variety with tonal Cantonese substrate, with
30 speakers of American English (AE). Dynamic FO
was measured using Praat and statistically evaluated
with  Generalized Additive Mixed Modelling
(GAMM). HKE speakers were found to produce
content words with a significantly higher FO than
function words, while AE speakers did not show any
significant difference in FO. The results indicate that
HKE is a tone language with two contrastive lexical
tones. Thus, apart from language-internal phonetic
factors, language contact may also motivate
tonogenesis.

Keywords: Tone, language contact, tonogenesis,
sound change, English

1. INTRODUCTION

Tonogenesis, the phonologization of lexical tones in
a previously non-tonal language, is often described as
a language-internal process motivated by laryngeal
articulation of consonants, e.g. Kammu [1]-[3],
vowel height, e.g. U [2], [4], and FO correlates of
stress, e.g. Swedish [5], [6]. Recently, studies on
contact languages in Sub-Saharan Africa and the
Caribbean suggest that tonogenesis may also occur as
a result of contact between languages with different
word-prosodic  systems, especially when the
substrates are tonal Niger-Congo languages and the
superstrates are non-tonal Indo-European languages.
Such examples include Central African French [7],
Equatorial Guinean Spanish [8], Ghanaian English
[9], Nigerian English [9], Pichi [10], and Saramaccan
[11]. Even though their superstrates are non-tonal
Indo-European languages, they have all become tonal
with a {H, L} two-tone system, which can be
illustrated by the minimal pair wood (H tone) vs.
would (L tone) in Nigerian English [8], [9].
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The reinterpretation of FO correlates of non-tonal
L2 stress systems by L1 tone language speakers has
been proposed to be the source of tonogenesis in these
languages. Since stressed syllables in many non-tonal
languages like English receive a H* pitch accent, tone
language speakers would treat the pitch accent as
lexical and assign the stressed syllables a H tone.
Conversely, since unstressed syllables do not carry
any pitch accent, they would tend to have a lower
pitch than stressed syllables, and therefore tone
language speakers would assign unstressed syllables
a L tone [7], [8].

Thus, tonal minimal pairs in these contact
languages often originate from distinctions between
content words and function words. In Pichi, an
English-based creole, the minimal pair bay ‘by’ (L
tone) vs. bay ‘buy’ (H tone) differ not only in their
tone but also their syntactic category: the function
word bay receives a L tone while the content word
bay receives a H tone [10]. Function words in English
often have two variants: a weak form and a strong
form. The unstressed weak form does not receive any
pitch accents while the strong form does. Since the
unstressed variants of function words have a much
higher frequency than the stressed variants [12], the
former would be more salient to L2 speakers,
favoring them to analyze those words as having a L
tone.

A similar observation has been made for Hong
Kong English (HKE), a contact variety of English
with tonal Cantonese substrate. Due to the presence
of lexical pitch contours in polysyllabic content
words, Yiu [13] and Wee [14] classified HKE as a
tone language with a {H, ©} two-tone system.
However, it remains unclear whether the tones in
HKE are contrastive as previous studies did not
provide any examples of minimal pairs or compare
pitch production with non-tonal varieties of English.
Thus, the objective of this study is to examine
whether tonogenesis has occurred in HKE by
comparing pitch production of monosyllabic content
and function words between speakers of HKE and
American English (AE). Given the evidence from
other contact languages, it is hypothesized that
speakers of HKE would make a tonal distinction
between content and function words by using a higher
pitch for the former and a lower pitch for the latter,
while speakers of AE would not.
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2. METHODOLOGY
2.1. Participants

39 speakers of HKE aged between 18-58 (22 females,
17 males) and 30 speakers of AE aged between 18-30
(15 females, 15 males) were recruited. Participants in
the HKE group were all born and raised in Hong
Kong, and they were fluent bilinguals in both English
and Cantonese. Participants in the AE group on the
other hand were all born and raised in the United
States, and they spoke AE as their native language.
Participants reported no history of speech or hearing
impairments.

2.2. Materials and procedure

The HKE data were drawn from a larger
sociolinguistic study that includes sociolinguistic
interviews, a word list reading task, and a minimal
pair reading task. The AE group performed the same
two reading tasks but they did not take part in the
sociolinguistic interviews. For the purpose of this
study, only the speech data from the word list reading
task were analyzed. In this task, both groups were
instructed to read aloud a list of 155 words, among
which 9 pairs of segmentally identical content words
and function words were the targets, which are shown
in Table 1. By using content word/function word
homophones, the segmental effects on FO were
controlled. These words were chosen also because
they were reported to be tonal minimal pairs in tonal
contact varieties of English [9].
Table 1: Syntactic category of the 18 target words.

Words on the same row are segmentally identical in
both varieties.

Function word  Content word
homophone

be bee

but butt

or ore

an Ann

their there

by buy

for four

to two

would wood

Data collection took place in quiet public spaces
or the participants' home in Hong Kong for the HKE
group and a sound-attenuated booth at Georgetown
University for the AE group. Words were presented
one at a time in a pseudo-random order on a laptop
computer and they were embedded in the carrier
phrase “say  again” to keep the phonological
environment constant. The target words were placed
at the middle of the carrier phrase to avoid the effect
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of boundary tones. The target words were primed to
be the focus of the phrase such that they receive a H*
pitch accent in AE regardless of their syntactic
category [15], [16]. Participants were instructed to
read aloud each word along with the carrier phrase
three times, resulting in a total of 54 target tokens per
speaker. Audio was recorded at a 44.1 kHz sampling
rate and 16-bit sample depth using condenser
microphones.

2.3. Data analysis

The audio recordings were segmented using Montreal
Forced Aligner [17], which were then manually
reviewed and corrected. Dynamic FO was measured
using Praat [18] at every 10% interval between 10%
and 90% of the sonorant portion of the target words.
The tokens were then coded for their syntactic
category, adjacent segments, duration, number of
repetitions, and English variety. Duration was defined
as the duration of the sonorant portion of the word,
while adjacent segment was defined as the onset and
coda consonants of the word. After that, the FO values
of each token were converted into semitones and z-
score normalized by speaker to account for human
pitch perception and individual differences in voice
pitch.

The normalized FO was analyzed using
Generalized Additive Mixed Modelling (GAMM)
[19]. GAMM was fit using the mgcv::bam() function
[19], [20] and evaluated using functions from the
itsadug and gratia packages [21], [22]. The
dependent variable was the normalized FO. The
independent variable was the interaction of English
variety and syntactic category. The reference level of
this interaction term was content word by AE
speakers. The interaction was included as a
parametric effect and as a smooth in the model. The
smooth included time, which is the normalized time
point of the measurements. A smoothing term models
the non-linear FO values over time. The parametric
effects of duration and repetition, as well as their
fixed interactions with time were included to model
their influence on FO. A difference smooth accounted
for the non-linear effect of adjacent segments.
Speaker was included as a random intercept and slope
interacting with syntactic category to model the
variable effect of syntactic category on individual
speakers. Word was included as a random intercept
and slope interacting with English variety to model
variety-specific differences in the articulation of
individual words. To account for the relationship
between measurements taken at consecutive time
points, an autoregressive error term was included. An
AR1 model was incorporated to account for
autocorrelation of residuals. The model was
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calculated using a scaled-t distribution to correct for
non-normality of the model residuals as indicated by
mgcv::gam.check().

3. RESULTS

The FO values of content and function words in the
two varieties relative to the mean FO before z-score
normalization are given in Figure 1. At the 10%, 50%,
and 90% intervals, AE speakers had a mean FO of
0.208 (SD+0.74), 0.242 (SD%0.461), and -0.038
(SD#1.154) semitones for content words and 0.036
(SD+0.723), 0.087 (SD+0.346), and -0.198
(SD+£1.099) semitones for function words. HKE
speakers on the other hand had a mean FO of 1.344
(SD+£1.053), 0917 (SD+0.697), and 0.283
(SD#1.227) semitones for content words and 0.157
(SD+0.687), -0.842 (SD=*0.766), and -1.378
(SD+1.329) semitones for function words. Content
words had a higher FO than function words by 0.172,
0.155, and 0.16 semitones in AE and 1.187, 1.759,
and 1.661 semitones in HKE.

Figure 1: Mean FO (semitone) of content and
function words by English variety.
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In regard to the results of GAMMs, Figure 2
provides the predicted FO trajectory by each syntactic
category for speakers of AE and HKE, while Figure
3 demonstrates the significance of the FO difference
between the two syntactic categories for each variety.
HKE speakers produced the content words with a
significantly higher FO throughout the entire sonorant
duration than the function words. As shown in Figure
2, the 95% confidence interval of the content words
did not overlap with that of the function words.
Likewise, Figure 3 indicates a significant difference
in FO throughout the whole sonorant duration. Then,
as shown in Figure 3, the degree of FO difference
between content and function words changed
throughout the sonorant duration of the target words.
The difference increased from the beginning to
around the 60% point of sonorant duration, and then
the difference decreased from that point onwards. The
shape of the FO trajectory also differed between the
two syntactic categories. While a falling FO contour
was observed across both categories, function words
were characterized by a sharper drop in FO than
content words.
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Figure 2: Fitted GAMM smooths with 95%
confidence interval for FO (z-score) of content and
function words by English variety.
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Figure 3: Difference plot for function and content
words by English variety. Blue line indicates
significant difference while red line indicates
insignificant difference.

AE HKE

o
=

o
°

- piom uonouny

— Significant
Insignificant

pIOM UBIU0D

\/

20 40 60 80 20 40 60 80
Normalized Time (%)

Conversely, the FO of the AE group stayed
relatively constant throughout the sonorant duration
regardless of syntactic category. As shown in Figure
3, although the function words had a slightly lower FO
than the content words, the difference was not
significant. It is also shown in Figure 2 by the
complete overlap of the 95% confidence intervals of
the predicted FO contours of content and function
words. Therefore, there was no significant effect of
syntactic category on the dynamic FO of AE speakers.
Furthermore, the confidence intervals for each
syntactic category in the AE group were wider than
those of the HKE group, which indicates that AE
speakers produced the target words with greater
variability in FO. Thus, speakers of HKE and AE
differed in their FO production of monosyllabic
content and function words. Throughout the sonorant
duration, HKE speakers produced the content words
with a significantly higher FO than function words,
while no effect of syntactic category was found for
AE speakers.

Predicted FO difference (z-score)
S S
© IS

4. DISCUSSION

The results of the current study support the hypothesis
that HKE is a tone language with two lexical tones.
Unlike speakers of AE who maintain the same pitch
contour regardless of syntactic category, speakers of
HKE produced the content words with a significantly
higher pitch than the function word homophones.
This difference is apparent in the production of the
two phrases “Say four again” and “Say for again”,
which are shown in Figures 4 and 5. The HKE
speaker in Figure 4 produced two distinct pitch
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contours: a higher pitch for “four” and a lower pitch
for “for”. The target words in the two phrases are
specified for their lexical tone, with the content word
four being assigned a higher tone and the function
word for a lower tone. On the other hand, the AE
speaker in Figure 5 produced the two sentences with
the same pitch contour, corroborating existing
literature on English prosody [15], [16]. Since the
target words were the focus of the carrier phrase, they
became prosodically prominent regardless of their
syntactic category. The function word for appeared in
its stressed form, making it both segmentally and
suprasegmentally indistinguishable from its content
word homophone four.

Figure 4: FO contour of “Say four again” (upper)
and “Say for again” (lower) by a speaker of HKE.
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Figure 5: FO contour of “Say four again” (upper)
and “Say for again” (lower) by a speaker of AE.

1

~
160 7\
140 TN
120 \
5 N~ .
Z 100 N
]
T 80
Say four again
say four again
T
S EY F ‘ AO ‘ R uic‘ EH ‘ N
0 1307
Time (s)
1
160 A
140 — \ o~ ""\\
120 N
S N~
Z 100 —
=
R
= Say for again
say for again
S ‘EY F AO‘RAHG‘ EH ‘ N

0 139
Time (s)

However, the HKE tones observed in the current
study differ in their trajectory from those reported in
Yiu [13] and Wee [14]. Instead of level tones with a
stable pitch throughout the duration, the ones found
in monosyllabic content words and function words
involve a falling pitch contour, which is shown in
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both the predicted FO trajectory by GAMM in Figure
2 and the raw FO trajectory in Figures 1 and 4. Such a
difference might not be phonological but instead a
result of tonal coarticulation in the carrier phrase.
Following Wee [14], the preceding word in the carrier
phrase say would have a H surface tone and the
following word again would have a M-H surface
tone. When the tone in the target word differs from
those of the adjacent tone-bearing units, there would
be transitions in pitch target that create pitch contours.
More in-depth analysis is required to determine
whether the tones assigned to the monosyllabic
content and function words are phonologically the
same as the ones found in previous studies.

HKE and contact languages in Sub-Saharan Africa
and the Caribbean share the same tonal inventory and
the same strategy in tone assignment: they all have
two lexical tones differing in their pitch levels, and
they all assign a higher tone to content words and a
lower tone to function words [9]. This could be
caused by similarities in both the substrates’ tonal
inventories and the superstrate’s intonation system.
The various Niger-Congo languages spoken in Sub-
Saharan Africa and Cantonese spoken in Hong Kong
all have level tones distinguished by their pitch level
relative to each other [23], [24]. On top of that, the
superstrates like English, French, and Spanish all
assign pitch accents to specific syllables of a word,
and their function words are all generally unstressed
by default [7], [15], [16], [25], [26]. Both factors
might have facilitated the formation of the {H, L}
two-tone systems found in these tonal contact
languages.

5. CONCLUSION

With the production of tonal minimal pairs in HKE as
evidence, this study demonstrates that language
contact between tonal substrates and non-tonal
superstrates is indeed a possible trigger of
tonogenesis. Although some North Germanic
languages like Swedish also underwent tonogenesis
that stemmed from the reinterpretation of FO
correlates of stress [5], [6], the case of HKE is unique
as it is a contact-induced change rather than a
language-internal change. Given that tonogenesis has
occurred repeatedly in various contact languages
from HKE to Central African French, the notion of
lexical tone being a marked phonological feature that
readily disappears during language contact [27], [28]
is challenged.
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