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ABSTRACT 
 

This work is an articulatory study of the l~n 
merger in Southwestern Mandarin. The material 
includes canonical /l/ and /n/ produced in word-initial 
position. Results from four speakers show 
systematically different patterns of Tongue Tip and 
Body EMA sensors at target for these sounds, even 
though no consistent difference is found in their 
formant values. Corresponding coronal ultrasound 
imaging of /l/ production exhibits both concave and 
convex tongue shapes within and across speakers. 
Comparisons of the “lateral angles” between the fitted 
midsagittal spline and the parasagittal EMA sensor 
show no significant difference between /l/ and /n/. 
Taken together, our results suggest that the 
articulatory reflex of the l~n merger could be due to 
ongoing loss of posture differentiation at the tongue 
blade. Additional language-specific features of /l/ 
production will also be discussed. 
 
Keywords: EMA, ultrasound, lateral, nasal, 
Southwestern Mandarin  

1. INTRODUCTION 

The lateral approximant involves the coordination of 
multiple gestures. In different varieties of English, /l/ 
production has been reported to involve the following 
characteristics: tongue tip raising, tongue middle 
lowering, tongue dorsum retraction, para-sagittal 
tongue lowering, and jaw-lowering (see [20] for a 
recent survey). [20]’s EMA results indicate that the 
lateral channel is formed by tilting the tongue to the 
left/right side of the oral cavity in Australian English 
(cf. [4]), that is, asymmetrical lowering of the sides of 
the tongue. 

The lateral approximant is different in Mandarin, 
at least phonologically speaking. Firstly, /l/ is not 
possible in coda position in Mandarin. The well-
known light /l/ vs. dark /l/ distinction in English (e.g., 
[5], [11]) is absent in Mandarin. Secondly and more 
interestingly, it has long been noted that the so-called 
l~n merger exists in many Southern Sinitic languages, 
especially in those languages spoken along the 
Yangtze River, be they Mandarin or non-Mandarin 
([8], [3], [10]). To take a famous example, the l~n 
merger has been completed in Hong Kong Cantonese 

([15]). The alveolar nasal onset is merged with the 
lateral approximant across the broad, resulting in a 
gap of the alveolar nasal onset. To this end, it is fair 
to say that the phonology of the lateral is different in 
Sinitic languages if compared with the more well-
known cases in English. The first research question of 
this study, then, is to explore if there is any language-
specific feature of /l/ production, given that the lateral 
approximant has distinct phonological patterning. 
The second research question is to explore if there is 
any phonetic underpinning for the l~n merger. 
Southwestern Mandarin (SWM) was chosen as the 
target language to address these research questions.  
This is primarily because the l~n merger remains a 
sound change in progress ([17], [21], [22]) in SWM. 
It is also beneficial if (gain/loss of) lateralization can 
be investigated through the lens of a phonetically 
gradient sound change such as the l~n merger.             

2. EXPERIMENT 

Seven native SWM speakers in their twenties 
participated in this study. All of them were born and 
raised in western Hubei, speaking SWM as their 
dominant language, and have no reported history of 
speech and/or hearing disorders. The data from four 
of them (M01~M04) are reported.  

The recording materials are comprised of 30 
disyllabic words. Here we analyzed and reported six 
of them, namely, /la.la/, /li.li/, /lu.lu/, /na.na/, /ni.ni/, 
and /nu.nu/. These are (possible) nicknames. Note 
also that the stimuli are based on prescriptive 
transcription. The participants were asked to read a 
randomized list of the target words from a computer 
screen at a normal speech rate in a sound-proof 
recording booth at National Tsing Hua University. 
The target words were embedded in the carrier phrase, 
“phe A, pu phe B”, meaning “(I) pat A; do not pat B.” 
Seven repetitions were collected for each token, and 
the target words in A were analyzed (as they are under 
focus). We used Carstens’s AG501 and a Micro 
system from Articulate Instruments Ltd. to collect 
articulatory data. Acoustic data were recorded 
simultaneously with a sampling rate of 24 kHz. The 
EMA data were down-sampled to 250 Hz. The 
ultrasound data were collected using a transducer 
with a 92° field of view (FOV), set at a depth of 
120mm. The frame rate was 65 f.p.s.  
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Fig. 1 shows the layout of the EMA sensors. In 
addition to the Tongue Tip (TT), Tongue Body (TB), 
and Tongue Dorsum (TD) sensors along the mid-
sagittal line, a parasagittal (PL) sensor is attached to 
the tongue blade on the speaker’s lefthand side.   

   

 
Figure 1: The layout of the EMA sensors 

 
The EMA data were analyzed with the help of 

Mview [13] and ultrasound images were annotated 
and analyzed by the AAA software and GetContours 
[14]. Praat [2] was used for acoustical analysis.  

3. RESULTS 

The data were first transcribed by a trained 
phonetician. The “error rate” for /l/ is 13%, while the 
“error rate” for /n/ is 39%, whereby “error” here 
means a deviance from the prescriptive pronunciation 
(e.g., /li/ was transcribed as [ni]). That is to say, the 
target for the merger is /l/, at least in this study.  

3.1. The lateral approximant in SWM 

3.1.1. Visualization of the EMA data 

In order to characterize the tongue posture in the 
coronal view, a “pseudo” (virtual) sensor, vTB, on the 
mid-sagittal surface of the tongue was calculated (cf. 
[20]). Its position is estimated by taking the point 
along the fitted spline connecting the mid-sagittal 
sensors with the shortest Euclidean distance to the PL 
sensor in the x- and z-dimensions. Fig. 2 illustrates 
the temporal changes of /l/ in both mid-sagittal and 
coronal planes. It seems that the TT raising is the most 
robust lingual movement in /l/ production. We also 
found variations in the coronal tongue shape: the PL 
could be raised, lowered, or nearly flat when 
compared to the vTB position, as shown in Fig. 2.  
 

 
Figure 2: Temporal changes of lingual configurations of 

[la] of M01 (The speaker is facing right; blue line = 
starting point and red line = endpoint; midsagittal view on 

the left and the coronal view on the right side). 

3.1.2. Components in /l/ production   

It has been claimed in [11] that /l/-production 
involves a consonant-like coronal component and an 
intrinsic vowel-like dorsal component (i.e., TT 
raising and TD retraction) in English. Our results 
suggest that SWM patterns alike in this regard. We 
can see in Fig. 3 that the lateral approximant has two 
gestures: tongue tip raising (TTz) and tongue dorsum 
fronting (TDx). No significant vertical movement of 
the TD sensor is observed (TDz), however. The 
illustrations for /lu/ and /li/were omitted due to space 
limitations, but the observation still holds.      
 

 
 
 
 

   
Figure 3: Temporal layout of the horizontal movement of 
Tongue Dorsum (TDx) sensor and vertical movement of 

Tongue Tip (TTz) sensor for the word-initial /l/. 

3.1.3. Ultrasound results of /l/ in the coronal plane 

Following [5] and subsequent work, we present the 
coronal tongue shapes of /l/ production. We can see 
from Fig. 4 that there is inter-speaker variation. Both 
grooved and domed coronal tongue shapes are found 
(M01 and M02, respectively), all else being equal. 
The image in Fig. 4 seems to show tilting to the 
speaker-right side (although it’s tilted left in the 
image due to our POV) of the oral cavity, probably 
replicating the central claim made in [20], according 
to which the lateral channel is formed by tilting the 
tongue to the left/right side. The ultrasound images 
for /lu/ and /li/were omitted due to space limitations, 
but the observation still holds. It is equally worth 
noting that our speakers consistently produced a 
specific coronal tongue shape (concave or convex) 
across the tokens in the experiment.  
 

 

 
Figure 4: Ultrasound lingual configuration in coronal 

view of the onset in [la] for M01, M02, and M04. 
 

[la] M01 
 

[la] M02 

[la] M04 
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3.2. The l~n merger 

We turn now to the l~n merger. Note again that our 
results of impressionistic transcription suggest that 
most tokens were rendered like a lateral approximant. 
Nevertheless, this study classified the /l/ and /n/ 
groups according to prescriptive pronunciations.    

3.2.1. The lateralization angle 

We quantify the degree of lateralization by taking the 
“lateralization angle” of the tongue. This 
lateralization angle, θL, is defined as  
 

  (1)	𝜃! =	 tan"# '
$%&!"'	&#"

&$
( 

 
where dx, dy, and dz are the differences in x-, y-, and 
z-dimensional positions of the vTB and PL, 
respectively, and α is a coefficient which equals 1 
when the PL is below the mid-sagittal spline, and -1 
when above, leading to a positive angle for a lowered 
PL, and a negative angle for a raised PL. This is 
visualized in Fig. 5. Note again that 𝜃L is based the 
“vTB-PL” plane, represented as the shaded plane in 
the 3D view.   
  

 

 
Figure 5: The visualization of the lateralization angle. 

     
Our results show no apparent differences in 𝜃L 

between the /l/ and /n/ groups, with both groups 
having significant inter- and intra-speaker variation 
(Fig. 6). Both groups had positive lateralization, 
negative lateralization (or, “anti-lateralization”), and 
nearly flat configurations.  
 

 
 
 
 
 
 
 
 

Figure 6: Lateralization angles of /l/ vs. /n/   

3.2.2. GAMM results of the EMA data 

The Generalized Additive Mixed Models (GAMMs) 
analyses for the trajectories of the EMA sensors are 
primarily based on the procedures and suggestions 
provided in [9] and [18]. The head-corrected data 
were z-transformed and subsequently fed into 
GAMM models. The models included a by-word 
smooth function through time to investigate 
articulatory changes over time and a random smooth 
to account for variations between all the speakers. 

In Fig.7, the Tongue Tip (TT) sensor trajectories 
in the /l/ vs. /n/ groups were compared. Note that an 
x-axis in red indicates a statistically significant 
difference. As shown, the TTx, but not the TTz, 
trajectories are significantly different between the /l/ 
and /n/ groups.  
 

 
Figure 7: GAMM results of the EMA sensor trajectories 
of TT (TTx on the left side; TTz on the right side) of the 

/l/ vs. /n/ groups 
 
The overall results for the three pairs are 

summarized in Table 1. The trajectories of TT, TB, 
TD and PL of these pairs are significantly different 
along either the horizontal (x) or the vertical (z) 
dimensions throughout the entire syllable.  

 
Table 1: Prescriptive /l/ vs. /n/: GAMM results. 
L vs. N TT TB TD PL 
/la/ vs. /na/ TTx TBx TDx PLx/z 
/li/ vs. /ni/ TTz TBx n.s. PLx/z 
/lu/ vs. /nu/ TTx/z TBx/z TDx/z PLz 

3.2.3. GAMM results of the ultrasound data 

Regarding the ultrasound data, the polar coordinates 
of the tongue contours (comprised of 42 points) were 
exported from the AAA software. The tongue 
contours (in the midpoints of the /l/’s or /n/’s) were 
fed into GAMMs using the bam function in R from 
the package mgcv [19] for the statistical significance 
analysis, with the help of [7]’s script adapted to our 
data by us.   
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Fig. 8 illustrates the fitted splines of all the tokens 
of /la/ vs. /na/, /li/ vs. /ni/, and /lu/ vs. /nu/ in the 
midpoints of the onsets across all the four speakers. 
The regions of significant difference, indicated by the 
shaded areas, were based on the outputs of the 
plot_diff function of the itsadug package. The 
GAMM results indicate that the tongue postures are 
not different in most parts of the tongue; the pair /li/ 
vs. /ni/ differ only in approximately 50% of the entire 
fitted splines. To this end, we may say that /l/ and /n/ 
are not distinguishable in terms of the tongue 
configuration in the midpoints of the consonantal part.    

 

 

 
Figure 8: Fitted splines for /la/ vs. /na/, /li/ vs. /ni/, and 
/lu/ vs. /nu/. Gray areas indicate statistical significance. 

The speakers (n=4) are facing right. 

3.3. The SS ANOVA results of acoustic data  

Regarding the acoustic data, the formant values of the 
consonants were normalized using the Lobanov 
method ([16]). The SS ANOVA ([6]) results of the 
comparisons of the F1, F2, and F3 for the three pairs 
are provided in Table 2, where ‘√’ means statistical 
significance and “0.5~1”, for example, means the two 
trajectories are significantly different between 0.5 and 
1 (consonant duration was normalized to 1). 
 

Table 2: Pair-wise comparisons between /l/ and /n/ 
groups: SS ANOVA results.  
 

L vs. N F1 F2 F3 
/la/ vs. /na/ √0.5~1 n.s. n.s. 
/li/ vs. /ni/ n.s. n.s. n.s. 
/lu/ vs. /nu/ n.s. √0.6~0.8 n.s. 

 

4. DISCUSSION 

Our first research question is concerned with the 
articulatory characteristics of /l/ in SWM. Firstly, it 

turned out that /l/ has two components, but they come 
in different flavors: TTz raising and TDx fronting 
(but not TD retraction, e.g., [11]). We also found that 
TT is formed relatively earlier than TD in /l/ 
production. Secondly, both EMA and ultrasound data 
confirm that both concave and convex tongue shapes 
are found in the coronal plane. This is an interesting 
observation because a domed coronal tongue shape 
has not been documented at least in /l/ production of 
English ([1], [12]), to our knowledge. The present 
results suggest that laterality might be subject to 
distinct phonetic implementations, especially when /l/ 
cannot appear in coda position in Mandarin.          

Our second research question addresses a 
relatively understudied issue: the l~n merger. The 
acoustic and transcription results indicate that there is 
an ongoing merger, which is also confirmed by the 
ultrasound results. Inspired by [20], we proposed the 
lateralization angle of the tongue to quantify the 
degree of lateralization (1). The results show that 
there is no apparent difference between the /l/’s and 
/n/’s, suggesting that these two sounds are not 
distinguishable in terms of posture differentiation at 
the tongue blade. We take this finding as a potential 
articulatory indicator of the l~n merger. Finally, it is 
equally remarkable that the comparisons of the 
TT/TB sensor trajectories along the midsagittal 
planes are significantly different between the two 
groups. We speculate that the results in Table 1 reflect 
the kinematic differences between a stop ([n]) and a 
sonorant ([l]) in the anterior parts of the tongue. In 
other words, the l~n merger can be treated as a near 
merger, with the difference of the lateralization angle 
being lost first.          

5. CONCLUSION 

The present results suggest that /l/ production may 
involve language-specific characteristics (i.e., TD 
fronting in Fig. 3). More importantly, the l~n merger 
was confirmed not only by the transcription and 
acoustic results but also by the EMA and ultrasound 
data. In particular, the EMA data showed loss of 
posture differentiation at the tongue blade between 
/l/’s and /n/’s (see the lateralization angles in Figs. 5 
and 6). In conclusion, this study contributes to 
understanding laterality from a novel perspective.       
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