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Abstract-

The prosodic realization of focus and its perception in Tibetan 
(Anduo dialect) were experimentally investigated. Using the 
question-and-answer paradigm, the speakers were asked to read 
aloud two target sentences in different focus conditions.  
Systematic acoustic analysis and statistical tests showed that, [1] 
On-focus F0 was raised sharply in medial and final focus 
conditions, but not much in initial focus. In addition, post-focus 
compression (PFC) occurred in initial and medial focus 
conditions. [2] Duration lengthening was found (about 11%) in 
focused words, but not in pre-focus or post-focus words. [3] 
Intensity was increased significantly (about 1.2 dB) in on-focus 
words, and decreased in post-focus words (about 0.5 dB). [4] In 
perception, correct focus identification was near 80% for 
medial focus, 63.3% for final focus, but only about 40% for 
initial focus. Overall, except for initial focus, the production 
and perception of focus in Tibetan were similar to those in 
Mandarin and English. 
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1. Introduction 
In speech communication, intonation conveys meanings with 
ups and downs of F0 curves. Generally, there are two types of 
models on intonation as summarized by Hirst [1] and Prom-on 
et al. [2]. One type starts with form by exploring the linguistic 
significance of conspicuous ups and downs in intonation; the 
other type starts from function, searching for encoding 
mechanisms of various speech functions. Intonation models 
belonging to the first category include the AM theory [3, 4] and 
the Tilt Model [5]. Models belonging to the latter include the 
Fujisaki Model [6, 7], the Stem-ML Model [8], and the PENTA 
Model [2, 9]. Xu and his colleagues [2, 9] argued that there are 
two major problems in the models based on form. Firstly, due 
to physiological constraints of the articulatory system, the 
realization of underlying intonational targets could only be 
approached with a process of Target Approximation. Secondly, 
the movement of intonation usually is the result of encoding 
multiple communicative functions. Therefore, intonation 
contours usually do not reflect underlying pitch targets directly, 
and so it is difficult to assign linguistic meanings to 
conspicuous intonational patterns. Instead, the investigation of 
intonation from the perspectives of communicative functions 
can explain the F0 variations in a more explicit and direct 
way[10]. To investigate intonation of Tibetan, we will start 
with a commonly used communicative function, namely, focus. 

Focus is to highlight certain information against the rest 
of the sentence as motivated by a particular discourse 
situation[11-13]. It has been found that focused word typically 
has higher F0, longer duration and greater amplitude compared 
to its unfocused counterpart. Focus also suppresses the pitch 
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range of post-focus words, while leaving that of pre-focus 
words largely intact [12, 14, 15]. This pattern has been found in 
many languages, such as English [16, 17], German [18], Greek 
[19], Japanese [20], Swedish [21] and Uygur[10, 22, 33], etc. 

It has also been found that a focused word is usually 
lengthened[12, 23-25]. In Mandarin, the average lengthening of 
a focused syllable is 4.6% - 17% [12, 14, 17]. 

As for the perception of focus in English, 
Herment-Dujardin and Hirst [27] have reported that duration 
lengthening is not sufficient for focus recognition, whereas 
pitch raising and pitch range expansion are also required. For 
languages with on-focus F0 raising and post-focus F0 
compression, such as Beijng Mandarin [28] and Uygur [22, 33], 
the recognition rate is above 90%. As Taiwanese lacks 
post-focus compression, the recognition rate of focus is less 
than 60%[28]. Xu et al. [29] therefore concluded that 
post-focus compression is important for focus recognition. 

To our knowledge, there has not been much experimental 
research on the intonation of Tibetan. Tibetan belongs to the 
Tibetan-Burma branch of Sino-Tibetan language family, and it 
includes three major dialects, Wei Tibet, West Kang and Anduo. 
The first two are tonal while Anduo is non-tonal[30]. The 
general goal of this paper is to investigate the production and 
perception of focus in Anduo Tibetan. 

2. Production experiment 

2.1. Method 

2.1.1. Stimuli 

Two target sentences were constructed, one is short (3 words) 
and the other is long (5 words). To minimize perturbation and 
interruption of the continuity of F0 contours, most of the 
syllables had sonorant onsets. The sentences are as follows. 
Short:  

 
Long:  

 
For the short sentence, four focus conditions were elicited 

by wh-questions, which were initial, middle, final and neutral 
focus. Since Tibetan is a verb-final language, the realization of 
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final focus is not so clear.  The last verb is usually a weak 
element in the sentence. To solve the problem, we added one 
more condition for the long sentence, for which a focus was put 
on the penultimate word. Thus there were 1 (short) × 4 (foci) × 
3 (repetitions) + 1 (long) × 5 (foci) × 3 (repetitions) = 27 
unique stimulus sentences for each speaker. 

2.1.2. Participants 

Eight native speakers participated in the experiment, five 
females and three males, aged 19-23, all from Guide County, 
Qinghai province. They were all college students at Minzu 
University of China with Tibetan as their first language. None 
of them reported any speaking or hearing disorders. They were 
paid with a small amount of money for their participation. 

2.1.3. Recording procedure 

All the speakers were recorded individually in the speech lab at 
Minzu University of China. The questions were pre-recorded 
by a 19-year-old female native speaker. The experimental 
sentences were repeated three times in a random order, and for 
each speaker and different random order was used. Before the 
recording, the speakers read the sentences silently. During the 
recording, when the experimenter (a Tibetan native speaker) 
determined that a particular sentence was not uttered properly, 
the question was played again, and the subject was asked to 
repeat the target sentence.  

The speech signals were directly digitized onto the hard 
disk of a DELL computer (with built-in 16 bit sound) by a 
24Bit/96K Firewire Recording System (PreSonus Firebox) 
using a condenser microphone (Rode NT1-A) at a sampling 
rate of 22 kHz. 

2.1.4. Acoustic measurement 

The target sentences were extracted and saved as separate wav 
files. To extract continuous F0 contours, the vocal cycles were 
firstly marked by Praat and then hand-checked for errors. 
Segmentation labels were also added to mark syllable 
boundaries. A Praat script[31] was used to compute maximum 
F0, minimum F0, duration and mean intensity of each syllable. 
For each word, because the maximum F0 is mostly at the edge 
of the first word, which is actually the ending F0 of the 
preceding syllable. We used a method similar to Chen and 
Gussenhoven[25] and Wang and Xu[14], that is, extracting the 
maximum F0 from all the non-initial syllables of a word. 
Because minimum F0 is not affected by the preceding syllable, 
we extracted it from the entire word. 

The F0 values were converted from Hz to semitones (st) 
by the following formula. 

fst  = 12 × log2 (f0 / 50)       (1) 

2.2. Results 

2.2.1. F0 

The time-normalized F0 contours of the two target sentences in 
the four/five focus conditions are presented in Fig. 1 and Fig. 2, 
averaged across 3 repetitions by 8 speakers. 

From these two figures, we can see that focus causes 
on-focus F0 raising and post-focus F0 lowering, while leaving 
pre-focus F0 mostly intact. An exception is that initial focus 
does not show large F0 raising. 

Table 1 presents the values of maximum F0 and minimum 
F0 of each word (initial, medial or final) under different focus 
conditions, averaged across short and long sentences of 3 
repetitions by 8 speakers. For instance, the initial word in the 

on-focus condition was calculated with F0 values of the first 
word in the initial-focus condition of both short and long 
sentences. And, the initial word of pre-focus condition was 
calculated with the F0 values of the first word in the medial 
focus condition. The two medial focus conditions were 
averaged for the long sentence. 

 
Figure 1. Time-normalized F0 contours of the short sentence in 

four focus conditions. 

 
Figure 2. Time-normalized F0 contours of the long 

sentence in five focus conditions. 

Table 1. Maximum and minimum F0 of the three target 
words in different focus conditions  

  Initial Medial Final 
Neutral 29.7 26.7 24.1 
On-Focus 30.4 28.3 25.0 
Post-Focus － 25.0 23.5 

MaxF0

Pre-Focus 29.7 27.3 － 
Neutral 25.2 23.9 20.5 
On-Focus 25.2 24.3 21.1 
Post-Focus － 22.9 20.1 

MinF0

Pre-Focus 25.0 24.1 － 

Two-way repeated measures ANOVAs with word position 
and focus condition as independent variables were carried out 
for short and long sentences separately. The results are 
presented in Table 2. 

Table 2 shows clearly that focus has an effect on both 
maximum and minimum F0. The interaction between focus 
condition and word position mostly comes from the fact that 
on-focus F0 raising does not apply in initial focus condition. A 
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post-Hoc test (S-N-K) shows that post-focus F0 goes lower than 
its neutral-focus counterpart. 

Table 2. Results of two-way repeated measures ANOVAs on 
maximum and minimum F0 of short and long sentences. 

Focus  Word  Interaction  

F0
Short: 

F(3,21)= 
Long: 

F(4,28)= 

Short: 
F(2,14)= 

Long: 
F(3,21)= 

Short: 
F(6,42)= 

Long: 
F(12,84)= 

max 8.3** 104.9*** 12.6*** Short min 4.8* 111.2*** 3.8** 
max 14.7*** 102.9*** 26.2*** Long min 14.0*** 72.0*** 8.0*** 

Note: *stands for p<.05, ** stands for p<.01，*** stands for p<.001. 

2.2.2. Duration 

Fig. 3 presents word duration in different focus conditions, 
averaged across the short and long sentences. We can see that 
duration is lengthened in all the focused words. 

 
Figure 3. The average word duration in four focus conditions. 

Two-way repeated measures ANOVAs, with word position 
and focus condition as independent variables, were carried out 
for short and long sentences separately (see Table 3).  

Table 3. Results of two-way repeated measures ANOVAs on 
word duration of the short and long sentences. 

Focus  Word  Interaction 

Duration 
Short：
F(3,21)= 
Long：
F(4,28)= 

Short：
F(2,14)= 
Long： 
F(3,21)= 

Short：F(6,42)=
Long： 
F(12,84)= 

Short 2.13, n.s. 23.7*** 19.3*** 
Long 3.6* 21.9*** 12.0*** 

As can be seen in Fig. 3 and Table 3, focus has an effect on 
word lengthening in the long sentence, but not in the short 
sentence. There is also significant interaction between focus 
condition and word position. 

To summarize, focus is realized with raised F0, lengthened 
duration, and post-focus F0 compression, while leaving F0 and 
duration of pre-focus words mostly intact. An exception is that 
initial focus does not show much F0 raising. 

3. Perception experiment 

3.1. Method 
3.1.1. Stimuli 

The number of focus conditions is not the same in the short and 
long sentences, however the pattern of prosodic realization of 
focus is the same in the two sentences (see Fig. 1 and 2). To 
make the perception experiment simple and comparable to 
similar experiments in Mandarin and Taiwanese[28], we only 
used the long sentences as the stimuli, and tested initial, 
medial-1, final and neutral focus conditions. In total, 96 
sentences (4 focus conditions × 3 repetitions × 8 speakers) were 
used as stimuli. 

3.1.2. Participants 

Eleven native speakers, five females and six males, participated 
in this experiment, and five of them participated in the 
production experiment as well. 

3.1.3. Listening procedure 

The task was to identify focused word (initial, medial, final, or 
none). All the 96 sentences were played in Praat using the 
script by Liu and Xu[32] with a random order for each listener. 
Each participant listened to the sentences once. During the test, 
the subjects sat comfortably in front of a computer screen in a 
quiet room, wearing a headphone set. The whole process took 
less than an hour. 

3.2. Results 
Table 4 shows the confusion matrix of focus perception. It can 
be seen that, the recognition rate of medial focus is the highest 
(78.4%), followed by final focus (63.3%), with initial and 
neutral focuses being the lowest (less than 50%).  

Table 4. Confusion matrix of focus perception (%). 
Heard as 

Original
Initial Medial Final Neutral 

Initial 37.5 20.5 10.2 31.8 
Medial 6.8 78.4 3.4 11.4 
Final 8.7 9.5 63.3 18.6 
Neutral 13.3 22.3 15.2 49.2

Overall, the recognition rate of focus in Tibetan is similar 
to that in Beijing Mandarin[28] and Uygur[22, 33], except for 
initial focus. The hit rate of initial focus is about 90% in those 
two languages, but only 37.5% in Tibetan. 

4. Discussion 
The prosodic encoding of focus in Tibetan (Anduo dialect) is 
similar to that of Beijing Mandarin[28], Uygur[22, 33] and 
English[17], in that the focused word has higher F0 and longer 
duration compared to its unfocused counterpart. Moreover, 
there are sharp F0 lowering and pitch range compression in 
post-focus words. The analysis of intensity also shows on-focus 
increase (about 1.2 dB) and post-focus lowering (about 0.5 dB). 

It is worth mentioning that the initial focus of Tibetan is an 
exception. The maximum F0 of initial focus is only raised about 
0.5 st and dropped about 1 st. In contrast, in Beijing 
Mandarin[28], initial focus raised maximum F0 about 1 st and 
lowered the maximum F0 of the following word about 2 st. The 
recognition rate of initial focus in Beijng Mandarin (about 
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91%[28]) is also much higher than that in Tibetan (37.5%). It 
might because the initial word of Tibetan carries a confound of 
being the topic. Wang and Xu[14] have found that topic raises 
sentence-initial F0. It is possible that topic effect may already 
saturated the normal pitch range. More studies on this issue is 
needed. 

In addition, the recognition rate of neutral focus in Tibetan 
is only 49.2%, with relatively equal confusion with initial and 
final focus (about 10%), but much more with medial focus 
(22.3%). This result is different from Beijing Mandarin[28] and 
Uygur[22, 33]. In Beijing Mandarin[28], neutral focus was 
mostly confused with final focus (27.9%), whereas in Uygur[22, 
33], initial focus and neutral focus were confused easily (33%). 
It raises an interesting question. When we compare different 
languages on focus realization, can we always take neutral 
focus as the base-line for all the languages? The properties of 
neutral focus in different languages therefore need more 
examination. 

5. Conclusions 
Based on the above results about focus realization in Anduo 
Tibetan, we can draw the following conclusions:  
1. On-focus pitch was raised sharply in medial and final focus, 

but not much in initial focus.  In addition, post-focus 
compression (PFC) applied in the initial and medial focus 
conditions.  

2. Durational lengthening was also found (about 11%) in 
focused words, but not in pre-focus or post-focus words.  

3. Intensity was also increased significantly (about 1.2 dB) on 
focused words, and decreased in post-focus words (about 0.5 
dB).  

4. Word position has an effect on the perception of focus. The 
correct identification was nearly 80% for medial focus, 
63.3% for final focus, but only about 40% for initial focus.  

Overall, except for initial focus, the production and 
perception of focus in Anduo Tibetan were similar to those in 
Beijing Mandarin[28], Uygur[22, 33] and English[17]. 
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