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Subjective Chinese speech intelligibility was evaluated by using an omnidirectional source, i.e., a source with 
the approximate directivity of human speaker and a human speaker source in both real and simulated rectangular 
rooms with different reverberation time. The result shows that subjective Chinese speech intelligibility scores 
have statistical differences under different source conditions. Speech intelligibility scores obtained by using 
omnidirectional source are lower than those obtained by using the other two sources. Therefore, it will 
underestimate the speech intelligibility in rooms. Subject Chinese speech intelligibility obtained from 
auralization is basically the same as that obtained in actual rooms under different source directivity conditions. 
By using auralization technique one can properly evaluate the subjective Chinese speech intelligibility even with 
different directional sources. 

1 Introduction
Room acoustical measurement is usually performed 

with omnidirectional sound sources according to ISO-
3382[1]. However, in actual room, a real source (such as an 
instrument or human voice) is a directional source, which is 
obviously different from an omnidirectional source. Studies 
have indicated that the results of room acoustic parameters 
and subjective evaluation obtained from different 
directional sources show significant differences [2-8]. 
Dalenbäck et al. [3] investigated the subjective perception 
difference by changing the directivity of sound sources 
through auralization. They use two loudspeaker sources 
with different directional characteristics. Their results show 
that test subjects are able to recognize differences about 
clarity and reverberation between the two cases. Prince and 
Talaske [4] took measurements in a hall using both 
omnidirectional and directional sources. Large differences 
in the resulting clarity values are obtained. Giron [5] also 
studies the subjective effects of changing sound directivity 
by modeling a sound source using inverse spherical 
harmonics transforms. The subjects are able to differentiate 
the signals of different directivities. Otondo and Rindel 
have been further studied these differences by using 
instruments as directional sources [6]. The results show that 
source directivity has a direct effect on the distribution of 
objective parameters in a room, including sound pressure 
level (SPL), clarity index (C80), lateral energy fraction (LF) 
and early decay time (EDT). Subjective testing also reveals 
that subjects can distinguish between the auralization 
signals made with a tone specific directivity and the 
averaged directivity, based on loudness and sometimes 
reverberance. Wang and Vigeant [7] extend the work about 
the effects of source directivity on room acoustic modeling 
prediction and auralization using three different source 
types with the same power: (a) an omnidirectional source; 
(b) sources with realistically-directional characteristics 
based on measurements from real instruments; and (c) an 
extremely directional artificial source. Their results show 
that directional sources induce both objective and 
subjective differences in room acoustical prediction and 
auralization. 

The studies mentioned above mainly explore the effects 
of the directivity of instruments on the sound quality in 
rooms. Nevertheless, fewer investigations on the influence 
of source directivity on speech intelligibility are carried out. 
Speech intelligibility is a critical index for describing the 
acoustical quality in all speech - purpose rooms. The 
evaluation of speech intelligibility in these rooms includes 
objective room acoustical measurement and subjective 
listening test. The objective parameters related to speech 
intelligibility, such as speech transmission index (STI), 
early-late sound energy ratio (C50), can be obtained through 

measurement or prediction. Wang and Peng[8] compare the 
difference of objective parameters values in a classroom 
using sound field simulation by ODEON and find that 
source directivity has no significant effects on EDT and T30,
but it has significant effects on C50 in mid-high octave 
bands and on STI. Differences among subjective Chinese 
speech intelligibility scores under different directional 
source conditions need to be further investigated. 

With the developing of signal processing technology, a 
new approach is provided to evaluate subjective speech 
intelligibility, which is called auralization[9, 10]. Listeners 
can assess the subjective acoustical quality in a given 
listening position when its binaural impulse responses can 
be obtained through acoustical simulation software. In this 
paper, the main works are the investigation into the effects 
of source directivity on subjective speech intelligibility in 
two rectangular rooms with different RT values through 
listening in actual room and simulated room with three 
different source types: (a) an omnidirectional source; (b) a 
source with the approximate directivity of human speaker 
and (c) a human speaker source. The goal is to explore the 
feasibility of investigating the subjective speech 
intelligibility difference due to different sources by using 
auralization technique. 

2 Experimental method 

2.1 Room model and acoustical simulation 
A classroom and a multimedia lecture hall are chosen. 

Both rooms are rectangular and their dimensions are 
15.82m×8.22m×4.90m and 10.56m×5.92m×3.25m 
respectively. B&K4296 dodecahedral loudspeaker is used 
to measure objective room acoustical indices for both 
rooms. During the testing, sound source is located at the 
platform and listening positions are distributed in seating 
area as showed in Figure 1. The corresponding source and 
listening positions were set according to measurement in 
real rooms in Odeon models[11]. First, an omnidirectional 
source is used and the acoustical properties of some 
surfaces in both models are adjusted to make the 
discrepancy between simulated objective acoustical 
parameters and measured ones for different listening 
positions is within 1 JND range [12]. Table 1 show the 
average values of EDT, T30, C50 and STI in the two rooms 
at 500Hz octave band when omnidirectional source is 
applied. Then, a source with the approximate directivity of 
human speaker (JBL-LSR6325P loudspeaker) and a human 
voice source defined by BB93[13] are used and other sets 
remain the same in Odeon simulation. BB93 human voice 
source substituted for human talker source in real rooms 
during the simulation. 
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Figure 1 Sound source and listening positions in (a) 
University classroom and (b) Multimedia lecture hall 

Table 1 Comparison of objective acoustical parameters 
from measurement and simulation 

Acoustical
parameters 

University 
classroom

Multimedia lecture 
hall 

measure
ment 

simulati
on 

measurem
ent

simulation

EDT(500Hz) /s 0.49 0.51 2.17 2.19 
T30(500Hz) /s 0.44 0.47 2.11 2.17 

C50(500Hz)/dB 4.9 5.2 -4.24 -4.54 
STI* 0.73 0.73 0.46 0.45 

* The effects of background noise are ignored. 

Figure 2 shows the directivity patterns of JBL-
LSR6325P loudspeaker and a human voice. The simulated 
binaural room impulse responses (BRIRs) are obtained 
under three source conditions after the sound power of the 
sources is adjusted as 75dBA (sound pressure level) at 1 
meter in front of the sources which is according to the 
measured value in real room. Total of 30 BRIRs are 
obtained at 10 different listening positions (see figure 1) for 
three different sources. 

2.2 Speech intelligibility evaluation 
Mandarin Chinese phonetically balanced word lists 

specified by GB/T 15508-1995 [14] are used for speech 
intelligibility test. Every list consists of 25 three-syllables 
rows. A total of 75 syllables are used and a balance 
between the difficulty level and phonemic characteristic is 
maintained[15]. The three syllables in each row are 
randomly selected. The test words are embedded in the 
carrier phrase as “The - row is ×××”, where “-” stands for 
the row number and “×××” for three syllables selected from 
one list randomly and without repetition. All test words 
were recorded at a rate of 4.0 words per second in an 
anechoic chamber. A mute interval of 9-10 seconds 
between two adjacent rows recordings is added by Cool 
Edit Pro [16] for subjects to write down the testing words. 

The subjective speech intelligibility test was conducted 
at different positions using different sources in both real 
and simulated rooms. In actual rooms, the speech signals of 
PB test word list recorded in an anechoic chamber are 
reproduced through B&K 4296 loudspeaker and the source 
JBL-LSR6325P loudspeaker. The test words are also read 
by a man and a woman speaker at the same source position. 
The source and listening positions in both rooms are shown 

JBL-LSR6325P loudspeaker
Human voice

JBL-LSR6325P loudspeaker
 Human voice

(a) 500Hz 

JBL-LSR6325P loudspeaker
Human voice

JBL-LSR6325Ploudspeaker
Human voice

(b) 1000Hz 

JBL-LSR6325P Loudspeaker
Human voice

JBL-LSR6325P loudspeaker
Human voice

(c) 2000Hz 

Figure 2 The directivity of the JBL-LSR6325P loudspeaker 
and human voice. Left: Horizontal   Right: Vertical 

in Figure 1. For auralization, the simulated BRIRs after 
headphone equalization at the corresponding listening 
position from different directional sources are convolved 
with the PB word list signals to obtain the speech test 
signals. Then the speech test signals are reproduced by 
headphone (Sennheiser HD580) at a certain sound pressure 
level which is set according to the result from ODEON 
simulation. The level estimation is based on the overall A-
weighted root mean square (RMS) value and is corrected 
for the effect of silent periods by applying a threshold [17, 
18]. The effect of background noise is ignored as the speech 
signal-to-noise ratio is more than 20dBA. 

2.3 Subjects
The subjects were chosen from undergraduate students 

aged 19-24 years old. They have normal hearing ability. All 
subjects are trained and have passed a pretest which 
requires them to recognize test words in a clean condition 
with an identification rate of at least 95%. Two lists and 4-8 
subjects are used under each listening condition. One of the 
lists has an odd number and the other an even number. The 
subjects are asked to write down the spellings of the key 
words which they heard.  Only if the vowel, consonant and 
tone are all correct, the response is regarded as true, 
irrespective of the grapheme. The average of the subjective 
Chinese Mandarin intelligibility scores across all eight lists 
was then taken. 
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3 Result and Analysis 

3.1 University classroom 
Figure 3 shows Chinese speech intelligibility scores in 

real classroom and in simulated one respectively with three 
different sources. It can be seen from Figure 3 that the 
discrepancies in both real and simulated classrooms exist 
between subjective speech intelligibility scores obtained 
from B&K 4296 loudspeaker and those obtained from JBL-
LSR6325P loudspeaker and human voice. Figure 3(a) 
indicates that speech intelligibility scores from JBL-
LSR6325P loudspeaker are higher than those from B&K 
4296 loudspeaker in real classroom. The maximum 
difference is more than 10% at listening position 4, which 
the differences at other listening positions are between 4% 
and 10%. Similarly, Chinese speech intelligibility scores 
from human voice are higher than that which comes from 
B&K 4296 loudspeaker with differences at all listening 
positions ranging from 8% to a maximum of close to 13%. 
While discrepancies in speech intelligibility scores between 
JBL-LSR6325P loudspeaker and human voice are relatively 
smaller, subjects get more scores with human voice. 

Figure 3(b) shows that speech intelligibility scores 
obtained from the simulated BRIRs with omnidirectional 
source are lower than those obtained with JBL-LSR6325P 
loudspeaker and BB93 based on auralization. At position 3, 
4, 5 the scores from JBL-LSR6325P loudspeaker are 7% 
higher than those from omnidirectional source; at position 1, 
2, 6 the discrepancies in scores are 10% more or less 
between JBL-LSR6325P loudspeaker and omnidirectional 
source. The average scores obtained from BB93 are slightly 
higher than those from JBL-LSR6325P loudspeaker by 
auralization. The scores obtained from BB93 are 3% higher 
than those from JBL-LSR6325P loudspeaker at other four 
listening positions except for at position 5 where the 
difference is almost 6% and at position 6 where the scores 
are slightly lower. 

In order to investigate discrepancies of Chinese speech 
intelligibility scores obtained from different sound sources, 
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Figure 3 Chinese speech intelligibility scores from 
measurement and simulation in classroom 

Least significant difference (LSD) method is applied to 
analyze subjective Chinese speech intelligibility scores 
obtained from real classroom and simulation model 
( =0.05). 

There is statistical significant difference (p 0.01) 
between Chinese speech intelligibility scores from B&K 
4296 loudspeaker and human voice in real room at all 
listening positions. There is statistical significant difference 
(p<0.01) between scores from JBL-LSR6325P loudspeaker 
and B&K 4296 loudspeaker except at listening position 1 
and 2. No statistical significant difference is found between 
those from human voice and JBL-LSR6325P loudspeaker 
except at listening position 2 and 3 (p>0.05). 

There is statistical significant difference (p 0.01) in 
Chinese speech intelligibility scores from the simulated 
BRIRs between omnidirectional source and JBL-LSR6325P 
loudspeaker, and between omnidirectional source and BB 
93 human voice. However, no statistical significant 
difference (p>0.05) is found between JBL-LSR6325P 
loudspeaker and BB 93 source except at listening position 5. 

3.2 Multimedia lecture hall 
Figure 4 shows Chinese speech intelligibility scores in 

multimedia lecture hall and in simulation model 
respectively with three different sources. It can be seen 
from Figure 4 that the discrepancies in both real hall and 
simulation model exist between subjective speech 
intelligibility scores obtained from B&K 4296 loudspeaker 
and the ones from JBL-LSR6325P loudspeaker and human 
voice. Figure 4(a) shows that speech intelligibility scores 
from JBL-LSR6325P loudspeaker are higher than those 
from B&K 4296 loudspeaker in real hall and the difference 
is less than 4%; Chinese speech intelligibility scores from 
human voice are also higher than those from B&K 4296 
loudspeaker in real hall and the difference is less than 5%; 
Chinese speech intelligibility scores from human voice are 
also higher than those from JBL-LSR6325P loudspeaker in 
real hall but the difference is less than 2%. 

It can be seen from figure 4(b) that the intelligibility 
scores obtained from the simulated BRIRs with  
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Figure 4 Chinese speech intelligibility scores from 
measurement and simulation in multimedia lecture hall 
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omnidirectional source in the lecture hall are lower than 
those with the other two sources (p 0.05) and the 
differences are below 5%. The intelligibility scores 
obtained from the simulated BRIRs with BB93 are slightly 
higher than those with JBL-LSR6325P loudspeaker except 
at listening position 1. 

LSD method is also applied to analyze subjective 
Chinese speech intelligibility scores obtained from real 
classroom and simulation model with three different 
sources in the lecture hall ( =0.05). The results show that 
there is statistical significant difference between Chinese 
speech intelligibility scores from B&K 4296 loudspeaker 
and from JBL-LSR6325P loudspeaker except at listening 
position 1(p 0.05) and between those from B&K 4296 
loudspeaker and from human voice at all listening positions. 
No statistical significant difference between those from 
human voice and from JBL-LSR6325P loudspeaker. 

Except for R3 there is statistical significant 
difference(P<0.05) when omnidirectional source and JBL-
LSR6325P loudspeaker are used, so is it when BB93 
human voice is used. But no statistical significant 
difference P>0.05 is found when human voice and 
JBL-LSR6325P loudspeaker are used. 

There is statistical significant difference (p<0.05) in 
Chinese speech intelligibility scores from the simulated 
BRIRs between omnidirectional source and JBL-LSR6325P 
loudspeaker source except at listening position 3, and 
between omnidirectional source and BB93 source except at 
listening position 1 based on auralization. However, no 
statistical significant difference (p>0.05) is found between 
JBL-LSR6325P loudspeaker and BB 93 source. 

4 Discussion
From the analysis mentioned above, we can find that 

there is statistical significant difference in Chinese speech 
intelligibility scores with, regardless of measuring in real 
room or using auralization technique, different directional 
sound sources under the same RT condition. The more 
reverberance is, the lower intelligibility score will be, and 
the differences in scores are more relatively under various 
source conditions.  

There are no obvious effects of source directivity on RT 
and EDT in rooms when no significant directivity 
difference occurs between variant sources [7, 8]. RT and 
EDT represent energy decay in a certain time interval in a 
room, as a result, different directional sources have no 
obvious influence on the measures of RT and EDT. 
However, the curves of room impulse responses are 
different at the same listening position under different 
source conditions (see Figure 5). The change of late 
reflection and reverberant sound are different with time, 
which is important in calculating speech intelligibility 
parameter, such as sound energy ratio. The measured C50 
value with directional source is higher than that with 
omnidirectional source. The difference of late reverberation 
sound in amplitude leads to different masking effects on 
speech signals. The more the late reverberation sound is, 
the stronger the masking of the late reverberation sound 
energy on speech signals tends to be , the lower the speech 
intelligibility will be. As can be seen from figure 5, there is 
more late reverberation sound energy with omnidirectional 
source than that with JBL-LSR6325P loudspeaker at the 
same time. This leads to that the speech intelligibility 
scores from omnidirectional source are lower than that 
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Figure 5 The measured room impulse response at the 
listening position 2 with different directional source. Up: 
B&K 4296 omnidirectional loudspeaker; Down: JBL-6325p 
loudspeaker. 

obtained from JBL-LSR6325P loudspeaker. 
By comparing Figure 3(a) and 3(b) and, Figure 4(a) and 

4(b), the results of subjective Chinese speech intelligibility 
obtained from auralization simulation can be found. We 
used t-test to analyze the difference of subjective Chinese 
speech intelligibility in both real rooms and models. The 
results show that no significant difference exists between 
speech intelligibility scores from measurement and from 
auralization with omnidirectional source at each listening 
position in the classroom. So is the same with JBL-
LSR6325P loudspeaker except at listening position 1 and 6, 
and with human voice except at listening position 3. In the 
hall, there is no significant difference between speech 
intelligibility scores from measurement and from 
auralization with omnidirectional source and with JBL-
LSR6325P loudspeaker at each listening position. So as 
with human voice except at listening position 1.  

Many factors would impact the results of subjective 
speech intelligibility evaluation by using auralization 
method. They include (1) the accuracy of room model and 
the absorption coefficients of surface materials[9]; (2)the 
mismatching of SPL and its calibration method; (3) the 
reproduction accuracy of speech signals in headphone[9]. 

Chinese speech intelligibility scores obtained from 
auralization are generally higher than that in real classroom. 
However, the difference in speech intelligibility scores is 
relatively smaller in multimedia lecture hall. This is mainly 
due to the method of the SPL calculation and calibration for 
auralization. RMS method is often used to calculate SPL of 
test signals for auralization in present studies. Length of 
speech test signals under a long reverberation time 
condition is longer than that under a short reverberation 
time condition. This may result that the SPL under a long 
reverberation time condition is higher than that in real 
classroom and thus obtaining a higher speech intelligibility 
scores.  

From the analysis, it can be seen that speech 
intelligibility scores from an omnidirectional source are 
lower than those from the source with the approximate 
directivity of human talker and human talker source. In fact, 
it usually employs omnidirectional source to conduct the 
measurement of objective acoustical parameters and the 
simulation of sound field. This would underestimate speech 
intelligibility in rooms. Moreover, there is significant 
difference in directivity mode between omnidirectional 
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source and real sources. In order to reflect acoustical 
characteristics in real rooms, sound source that are close to 
actual one in directivity characteristic should be chosen for 
simulating and measuring. 

5 Conclusion
Two rectangular rooms with different RTs are simulated 

by using ODEON. The objective acoustical parameters are 
also measured in both rooms using omnidirectional source. 
The speech intelligibility scores are investigated using an 
omnidirectional source, a source with the approximate 
directivity of human speaker and a human speaker source in 
real rooms and in simulated rooms based on auralization. 
The results show that there is statistical significant 
difference in subjective speech intelligibility scores 
obtained from different directional sources at the same 
listening positions. The scores from omnidirectional source 
are lower than those from the source with the approximate 
directivity of human speaker and a human speaker source. 
Speech intelligibility will be underestimated when an 
omnidirectional source is used. The speech intelligibility 
scores obtained from auralization agree with that in the real 
room. The subjective Chinese speech intelligibility under 
directional source condition can be evaluated by using 
auralization technique. In order to reflect acoustical 
characteristics in the real room, the similar directional 
sound source should be chosen for simulating and for 
taking measurement. 
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