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ABSTRACT 

 

Mongolian vowel harmony has been traditionally 

described by backness of the tongue as the main 

underlying principle, but it is difficult to apply it to 
the description of modern eastern Mongolian vowel 

harmony.  Other features that have been proposed are 

the height of the tongue and the position of the tongue 
root.  Recent studies suggest that the latter plays a 

more important role in grouping vowels into 

harmonic sets.  However, further evidence is required 
to reveal the phonetic basis of modern eastern 

Mongolian vowel harmony. 

We measured (1) the distance between the 

pharyngeal wall and the tongue root, (2) the larynx 
height, and (3) the tongue height of three native 

speakers using real-time MRI.  The results show 

significant differences both in tongue height and in 
tongue root position between harmonizing sets of 

vowels in modern eastern Mongolian. 
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1. INTRODUCTION 

1.1. Vowel harmony 

In languages with vowel harmony, the vowels are 

divided into groups, and a morphological unit can 
only have vowels belonging to the same group.  

Articulatory factors known to function as a basis for 

grouping vowels are palatality, labiality, degree of 

tongue height, and tongue root position. 

1.2. Modern Mongolian vowel harmony 

The modern Mongolian language we deal with 

here is the Bārin dialect, which is a variety of eastern 
Mongolian spoken in the south-eastern part of the 

Inner Mongolian Autonomous Region in China.  The 

vowels investigated in this study are shown in Figure 
1. (New vowels that emerged in a later period of 

history by assimilation, etc. were excluded.  As the 

vowel ï has no long counterpart, the long i was also 
excluded.)  These vowels are grouped into two 

categories in terms of vowel harmony, as shown in 

Figure 2. We employ the traditional Roman 

transcription system widely used in Western 
scholarship.  The modern Bārin pronunciation is 

shown with IPA symbols in parentheses. 

 

 i [i]    ü/ǖ [u(ː)] 

  ï [ɪ]    u/ū [ʊ(ː)] 

     ö/ȫ [o(ː)] e/ē [ɤ(ː)] 

     o/ō [ɔ(ː)] 

    a/ā [ɑ(ː)] 
 

Figure 1: Vowels investigated 

 

 a/ā e/ē 

 o/ō ö/ȫ 

 u/ū ü/ǖ 

 ï i 

 
Figure 2: Four harmonic pairs and two harmonic sets 

 
Mongolian vowel harmony has been traditionally 

described by backness of the tongue as the main 

underlying principle (cf. Poppe 1951), but as can be 

seen from the above two figures, it is difficult to apply 
the principle to the distinction of the two harmonic 

sets in modern eastern Mongolian from a phonetic 

point of view.  Other articulatory phonetic features 
proposed for the distinction are the tongue height and 

tongue root position. 

Chinggeltei & Sinedke (1959) first found that the 
difference in tongue root position plays an important 

role in the distinction of Mongolian vowels using X-

ray radiography.  Concerning Mongolia’s Khalkha 

dialect, in which a, o, ö, u, ü and i have almost the 
same phonetic values as those in main dialects of 

Inner Mongolia, various views have been expressed 

based on acoustic data:  Svantesson et al. (2005) 
describes that it has a pharyngeal harmony, and Jōo 

(2005) says both backness and degree of tongue 

height are involved in dividing vowels into harmonic 

sets.   
Based on data of the vowels a, e, o, ö, u and ü 

obtained from a single speaker of the Bārin dialect 

using real-time MRI, Saitō et al. (2019) showed that 
the difference in the pharynx size is prominent 

between the two harmonic sets, and it could be the 
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major phonetic basis of modern Mongolian vowel 

harmony. 

We have conducted a study of eight vowels 
differing in quality including i and ï of the same 

dialect using real-time MRI with three speakers 

including the one who participated in Saitō et al.’s 
(2019) work.  See Figure 3 for MRI images of the 

vowels. 

 

    
 

    
 

    
 

    
 

Figure 3: Sample MRI images of eight vowels  

differing in quality 

2. METHOD 

2.1. Data 

MRI movies of 694 words each uttered by three 

female native speakers (S6, S22, and S23) of the 
Bārin dialect (194 words uttered three times each and 

the remaining 500 uttered once by each speaker) were 

recorded at BAIC (Brain Activity Imaging Centre) of 

ATR-Promotions, an affiliate company of ATR 
(Advanced Telecommunications Research Institute 

International) using the 3T MRI system (Siemens 

MAGNETOM Prisma fit 3T).  Recordings of 
articulatory movements in the midsagittal plane were 

made in a FLASH sequence with acceleration factor 

3.  Spatial resolution was 256×256 pixels, and 1 pixel 
corresponds to 1 mm in length.  Slice thickness was 

10 mm, and temporal reconstruction rate was 14 

frames per second. 

The following vowels in minimal and quasi-

minimal pairs of words were selected for the present 

study to achieve balanced data in the segmental 
environment: 

 

a/e: am/em, damjəx/demjəx, gar/ger, galīg/gerīg, 
xaləx/xeləx, xaljē/xeljē, xarā/xerē, xarūl/xerǖl 

ā/ē: ālj/ēlj, nāx/nēx, tā/tē, tūlā/tǖlē, udlā/üdlē, 

xarā/xerē, yïrād/irēd 
o/ö: om/öm, tosəl/tösəl, nogō/nögȫ, orōd/örȫd, 

xor/xör 

ō/ȫ: ō/ȫ, ōč/ȫč, tō/tȫ, tōl/tȫl, nogō/nögȫ, orōd/örȫd 

u/ü: sum/süm, surəg/sürəg, udlā/üdlē, ujūr/üjǖr, 
ul/ül, urəx/ürəx, ustai/üstei 

ū/ǖ: dū/dǖ, ūr/ǖr, nūr/nǖr, tūlā/tǖlē, ūdəm/ǖdəx, 

ujūr/üjǖr, bïlū/bilǖ, xarūl/xerǖl 
ï/i: bïlū/bilǖ, xïr/xir, yïr/ir, yïrād/irēd, yïrəx/irəx 

 

The vowels investigated were short vowels in 
initial syllables and long vowels in initial and second 

syllables.  Short vowels in non-initial syllables, which 

are all reduced in modern Mongolian, were excluded.  

A frame from each movie at a point with vowel 
articulation least affected by adjacent consonants was 

chosen for measurements. 

2.2. Measurements 

Fig. 4 shows the measurement points and 

normalized xy-axes used in this study.  Measurements 

of x- and y-coordinate values were made for each 
vowel at the black points outlined in white using an 

image processing programme, ImageJ (Ferreira & 

Rasband 2012).  No measurements were made for 

points that were hard to identify due to unclear 
images. 

 

 
 

Figure 4: Measurement points and normalization  

method 

a [ɑ] in am e [ɤ] in em 

o [ɔ] in om ö [o] in öm 

u [ʊ] in ul ü [u] in ül 

ï [ɪ] in yïrəx i [i] in irəx 
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