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ABSTRACT

This real-time study of Standard Mandarin tones
presents a new acoustic analysis of Yuen Ren Chao’s
1922 archival recordings and compares the results to
studies from the early 21 century. Three positional
variants (citation, final, and non-final) are compared
across time, and Tone 2 and Tone 3 are shown to have
undergone subtle changes to their contours. Two
phonetic mechanisms induce contextual variants that,
over time, spread to more environments and result in
contour change. For both tones, carryover effects of a
high preceding offset leads to raising of f0 onset and
rightward sliding of 0 turning point. For Tone 3, the
final rise is truncated due to the time pressure on {0
movement, which leads to contour reduction. Overall,
these findings support Pittayaporn’s phonetically-
grounded model of tone change, which connects
synchronic tone variation with diachronic tone
change.
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1. INTRODUCTION

Phonetic tone change (i.e., change over time of a
tone’s f0 height and/or contour) has not received
much scholarly attention and may be one of the least
understood types of sound change [1]. Lack of
empirical studies makes it difficult to answer basic
questions, e.g., is there directionality in tone change?
Real-time studies could provide valuable evidence for
inferring the direction of tone change [2], but few
such studies exist, e.g., [3] on Bangkok Thai. This
study investigates tone change in Standard (Beijing)
Mandarin in real time, by conducting a new acoustic
analysis of archival recordings from 1922 [4] and
comparing the results to acoustic studies from 2006
[5] and 2018 [6].

Early 20" century acoustic studies of Mandarin
tone such as [7] and [8] focused exclusively on the
citation form (i.e., the surface form in monosyllables
uttered in isolation), without consideration of
positional variants. However, tone shapes are known
to vary according to the segmental and prosodic
environment, including the position within an
utterance [9].
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In this study, a new analysis of phonograph
recordings of Yuen Ren Chao (;&* JGAT) from 1922 [4]
enables comparison of three positional variants:
citation form, the first syllable in a disyllabic word
(non-final form), and the second syllable in a
disyllabic word (final form). The 1922 data afford
examination of the synchronic effects on tone contour
of the preceding and following tone. Comparing
contextual variants from 1922 to those seen in the
early 21* century allows us to track which variants
have changed in their distribution, that is, spread
beyond their original conditioning environment. This
study thus presents an opportunity to see links
between synchronic variation and diachronic change,
following the approach proposed in [3].

Mandarin has four lexical tones (Figure 1) and a
neutral tone in unstressed syllables (not included in
the present study) [10]. In Chao pitch numbers [11],
with “1” representing low and “5” high, Tone 1 (T1)
is usually transcribed as 55; Tone 2 (T2) as 35; Tone
3 (T3) as 214; and Tone 4 (T4) as 51 [10]. The above
transcriptions correspond well with the 1922 tone
system in Figure 1 (left panel), but less well with the
system in 2006 [5] (Figure 1, right panel). T1 and T4
citation forms have not changed substantially, but the
contours of T2 and T3 have changed noticeably. This
study focuses on describing their changes.
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Figure 1: Left panel: Mandarin citation tones in 1922,
n=187; Right panel: Mandarin citation tones in 2006, n=
2080 (adapted from [12] with permission).

2. DATA AND METHOD

Four acoustic studies, two from the early 20" century
and two from the early 21% century, are compared
with the new analysis from 1922. [7] from 1915 and
[8] from 1934 are some of the earliest acoustic studies
on Standard Mandarin citation tone. The early 21
century acoustic studies selected for comparison are
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[5] from 2006 and [6] from 2018 on Beijing
Mandarin. Standard Mandarin tone values are based
on Beijing Mandarin pronunciation [13].

In the 2006 study [5], 10 monosyllabic words were
recorded for each of the four tones. The sample
included 52 speakers (balanced for gender) across a
wide age range. To enhance comparability, f0 data
from the 30-40-year age group (7 speakers) were
selected for comparison with Chao, who was 32 at the
time of the 1922 recordings. In the 2018 study [6], 50
speakers (balanced for gender; mean age = 20.9
years) were recorded reading 16 disyllabic words (1
combination of each tone pair); thus, the dataset was
balanced for preceding and following tone.

In both 21* century studies, f0 was measured at 9
equidistant time points throughout the rime. Inter-
speaker variation of f0 range was normalized by
logarithmic transform according to the equation in
(1), where x represents the observed f0 value, and max
and min represent speaker-specific maximum and
minimum f0 values [5]:

(1) T =5x (lg x-1 min)

(Ig max —lg min)

The subject of the present study’s new analysis is
Yuen Ren Chao, well-known linguist and composer.
Chao was born in 1892 and spent his early childhood
in northern China; as a child, he learned several
Chinese lects including Mandarin [14]. A gifted
scholar, Chao taught an early form of Standard
Mandarin at Harvard in 1922 [13]. This early version
of the national standard, replaced by the 1930’s,
included a fifth tone (reflex of the ru tone) from
Nanjing Mandarin, but the other four tones followed
Beijing Mandarin pronunciation [13].

The 1922 phonograph recordings, originally
produced to accompany the textbook [4], were
downloaded from [15]. 200 monosyllabic words
(citation form) and 234 disyllabic words were
selected and annotated in Praat [16]. Tokens with
pitch measurement errors or with the fifth or neutral
tone were excluded, leaving a total of 549 tokens. f0
of the thyme was extracted every 10 msec. Annotated
recordings and the R [17] code used to produce the
relevant figures are available at [18]. f0 was
normalized according the function in (1) to facilitate
comparison with the 21 century studies.

The 1922 disyllabic data was not balanced for
preceding and following tone: there were more tokens
of the T2-T2 sequence compared to other sequences.
To enhance comparability with the 2018 data, which
was balanced for prosodic context, 28 T2 tokens were
excluded, resulting in 9-15 tokens for each sequence.
The one exception was the T2-T3 sequence, which
had only 4 example words. For T3, there were 7-14
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tokens for each preceding and following environment
(except T2-T3).

3. RESULTS
3.1. Tone 2

T2 citation form has subtly but visibly changed over
the past 100 years. In 1915 [7] and in 1934 [8] (Figure
2), T2 appears as a mid rising tone that starts its rise
within the first 10% of the rhyme; there is no dip.
Results from the 1922 data (Figure 3, left panel) show
a similar rising contour. The similarity between the
studies’ results implies that the no-dip variant was
standard in the early 20™ century, not simply an
idiosyncrasy of Chao.
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Figure 2: Left: T2 citation form in 1915, redrawn from
[7] and 1934, redrawn from [8] (© The Physical Society
of Japan).

2006 citation

-

1922 citation

=l

1

0

2006 (right, n=70, redrawn from [5]).

In contrast, there is a noticeable difference
between the early 20" century and the early 21%
century (Figure 3 right panel). In the 2006 study [5],
the first third of the f0 trajectory entails a small fall
before the rise begins. A similar contour is seen in
[19] from 1997 (not pictured here), which has a slight
dip and a f0 turning point at around 25% into the
syllable.

Besides citation form, Chao’s 1922 recordings of
disyllables afford the opportunity to compare
contours in other positions. Figure 4 compares non-
final and final contours in 1922 with those of the 2018
study [6]. In 2018, the fO onset is higher and the rise
begins later (at approximately 40% relative time
point) compared to the early 20" century—similar to
the change observed for citation tone.
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Figure 4: a) T2 non-final in 1922 (n=42) and in 2018
(n=400); b) T2 final in 1922 (n=50) and in 2018 (n=400).
2018 plots adapted from [12] with permission.

Where did the innovative dipping variant of
originate from? Figure 5 compares T2 final forms in
different prosodic contexts: after a tone with a high f0
offset (that is, T1, T2, and T3 sandhi form) vs. after
T4, which has a low f0 offset. In the high context, T2
fO0 onset is raised slightly compared to the low
context; this raising is an assimilatory carryover
effect of the same type reported in [19]. Also, there
appears a short recovery period that results in a later
fO turning point. It is this rightward-shifted variant
that has spread outside of its original conditioning
environment and now appears in the 21% century
citation and non-final forms.
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Figure 5: T2 in final position in 1922 (n=42); line type
represents pitch height of the preceding tone’s offset.

3.2.Tone 3

In the majority of tone descriptions from the mid-19"
century to 1915, T3 is described as low rising, but
between 1915 and the 1930’s, descriptions vary, some
reporting low rising and others low dipping [20].
Since the 1940’s, most descriptions are low dipping
[20]. Based on the above trends, Endo [21] suggests
that T3 citation form changed from low rising to low
falling-rising sometime in the early 20" century. The
comparison of Figure 6 with Figure 7 supports Endo’s
[21] proposal. In the 1915 and 1934 studies, T3 has a
“short level run” [7] and then rises—there is no dip.
However, in 1922 (Figure 7 left panel), fO onset is
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slightly higher (at Chao pitch number 2 rather than 1),
and this raising results in an early dip before the rise
begins (similar to the change in T2).
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Figure 6: Left: T3 citation form in 1915, redrawn from
[7] and 1934, redrawn from [8] (© The Physical Society

of Japan).
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Figure 7: T3 citation form in 1922 (left, n~=70) and in
2006 (right, n=70, redrawn from [5]).

The citation form in 1922 and 2006 (Figure 7 right
panel) both have a dipping contour, though T3’s f0
minimum in 2006 appears considerably lower. The
current data is insufficient to confirm whether there
was a true lowering of f0 minimum over time, but
since the same normalization function was used
across the compared studies, this potential change
warrants further investigation, along with the
potential connection between lower f0 minimum and
the development of creaky voice as a phonetic
correlate of T3 [22].

Differences are also apparent in non-final and final
forms (Figure 8). Chao [4] describes the low falling
non-final form as the “half T3” variant, because only
the first half of the contour is present. Contour
simplification in non-final position is often due to
shorter duration [23]. In 1922, mean duration of non-
final form is 78% of that of the final form. Shorter
duration leads to increased time pressure on f0 [24].
The 1922 non-final form shows both target
undershoot (raised fO0 minimum) and truncation (cut-
off of the rise) compared to citation form. The half T3
variant appears only in non-final form in 1922, but
has spread to final form in 2018. Xu’s [19] study of
disyllabic sequences in 1997 report a similar
spreading of the non-final allotone to final position.
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Figure 8: a) T3 in non-final position in 1922 (n=37) and

in 2018 (n=350); b) in final position in 1922 (n=34) and
in 2018 (n=400, adapted from [12] with permission).

2018 final

In addition, T3 fO onset has raised over time:
below Chao level 2 in 1922 but consistently higher
than level 2 in 2018. In 1922, T3 raised onset is
observed after a preceding high offset, as seen in
Figure 9. This variation is similar to the results for T2,
implying that the same conditioning factors, i.e.,
preceding tone context, affected both T2 and T3.
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Figure 9: T3 in final position in 1922 (n=34).
4. DISCUSSION

The observed changes in Mandarin show similarity to
the changes reported for Bangkok Thai [3], seen in
Figure 10. Over the past 60 years, Thai Tone 4 (High)
has gradually developed a slight dip or level period
before its rise, similar to Mandarin T2. Thai Tone 5
(Rising) is gradually losing its final rise, similar to
Mandarin T3. These similarities are not shared
innovations or caused by language contact; instead, it
is likely that the same phonetic biases are at play in
both languages.

From a typological perspective, the observed
changes follow several crosslinguistic trends in tone
change: 1) raising of fO onsets that are below mid, 2)
rightward sliding of f0 turning points, and 3)
reduction of low rising contour [25]. Raising of low
fO onsets is a well-attested carryover effect of high
preceding offset in both Thai [26] and Mandarin [19].
Carryover effects also result in a short recovery
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period before the initial tone target is reached, causing
a later temporal location of the f0 turning point. In the
case of T3, shorter duration in the non-final position
results in truncation of the rise. This study shows that
the variants with raised f0 onset, later alignment of f0
turning points and/or reduced contour have spread
outside their original conditioning environment. The
change over time is a result of these variants’ change
in distribution.

What phonetic biases underlie these changes?
Pittayaporn [3] points to time pressure on fO contour
as a generator of synchronic variants that may then
spread to other environments. Xu [27] identifies two
time constraints on f0: 1) minimum duration for f0
movement and 2) synchronization of the tone with the
segmental string. In other words, it takes a certain
amount of time to make f0 transitions, but there is also
a limit on how much time is available, depending on
the tonal domain. These articulatory constraints are
responsible for time pressure on f0 movement, and
their diachronic consequences can be seen in
crosslinguistic trends in tone change.
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Tone 5 Tone 5 Tone5
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Figure 10: Bangkok Thai citation tone over the past 60
years. Adapted from [3] with permission.

5. CONCLUSION

This study conducts tonal acoustic analysis on
Yuen Ren Chao’s recordings from 1922 and
compares the analysis to acoustic studies from 1915
[81, 1934 [9], 2006 [6] and 2018 [7]. The differences
between the 20" century studies and the 21 century
studies for T2 and T3 are interpreted as reflecting tone
change over time; of course, more data from the early
20" century is needed to confirm this. In the 1922
data, certain prosodic environments condition a raised
0 onset and later temporal location of the f0 turning
point and/or a truncated contour. The raised-onset,
rightward-shifted and/or truncated variants spread
beyond the original conditioning environment by the
early 21% century, resulting in contour change. This
study thus reveals a link between synchronic variation
and diachronic change, evidence that supports
Pittayaporn’s [3] phonetically-grounded tone change
model.
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