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Abstract:  

Both the noise and the vocal power level of the crowd are parameters for evaluating the 

acoustic environment. The former is from the perspective of the environment, and the latter is from 

the perspective of the user's needs. This paper aims to explore the crowd noise and vocal power level 

of diners in large college canteens in China. Measurements were conducted in two typical Chinese 

college canteens. Videos were also recorded to analyse the diners’ behaviour. The results showed 

that the noise in canteens varied from 61 dBA to 73 dBA during the meal. It was noted that although 

the noise level had a strong correlation with the number of occupants, the relationship between this 

two was not simply the superposition of equal-intensity sound sources. The speaking ratio and the 

Lombard effect played a significant role during the meal. The average speaking ratio was 0.12, 

which was far less than the practical value, 1/3. A prediction model for vocal power level under 

crowd noise was introduced into Chinese college canteens, which considered direct and reverberant 

sound energy using the parameters of room information, the location of the diners, and the speaking 

ratio. Based on this model, the vocal power level was found to vary from 59 dBA to 97 dBA. 

According to Pearson's evaluation criterion, 17.1% of the data fell between "Raised" and "Loud", 

and 71.8% of the data fell between "Loud" and "Shout". It indicated that the crowd noise in Chinese 

college canteens had a significant impact on communication and some acoustic treatment was 

necessary. 
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1 Introduction 

This paper aims to explore the crowd noise and vocal power level of diners in large college 

canteens in China. Chinese college canteen usually serves a large number of students during the 

eating time [1], which is more like a large and daily-used banquet hall with hard walls and ceiling. 

Studies on crowd noise in large college canteens are useful for acoustic design and noise control, 

which will enhance the acoustic environment of dining spaces and benefit the students and staffs in 

colleges. 

The noise in the dining space was usually very high [2, 3], and it became more serious in 

Chinese college canteens. This continuous high-noise-level environment made it difficult to 

communicate and caused low comfort and satisfaction [4, 5] of the diners. Several measurements [1, 

6, 7] showed that Chinese college canteens usually had long reverberation time and the noise level 

varied from 70 to 80dBA, which lasted nearly two hours per meal. The noise in the eating 

establishments can be divided into two parts [8]. One is the "physical" background noise (including 

the noises from kitchen equipment, HVAC equipment, etc.), and the other is the crowd noise, which 

domains in most cases and varies with the number of occupants. 

Crowd noise is a particular type of noise that its source and receiver are both the people [9]. 

People will unconsciously enhance their voice in a noisy environment[10, 11], which not only 

reduces the comfort of the diners but also increases the severity of the noise. This phenomenon was 

called the "Lombard effect" [12, 13, 14]. As the background noise rises gradually from silence, the 

phenomenon of the Lombard effect can be divided into three stages. First, the Lombard effect is not 

apparent when the noise is too low. And then, the output level of an individual's voice starts to 

increase at a certain point [15] and then continuously increases. Finally, it no longer increases due to 

reaching the individual's vocal limit [16]. The Lombard slope varied from 0.2~0.7 dB/dB in 

different situations [17, 16]. When a new person enters a space, he will be affected by noise and 

begins to raise his voice to maintain communication [18]. The noise generated by this person also 

affects everyone else in the space, resulting in a very short iterative process until it converges again. 

This iterative process frequently occurs during the entire dining period. 

Vocal power level was an important parameter to evaluate the vocal effort of an individual [19] 

and also represented the difficulty of communication. Based on Pearson's evaluation criterion [20], 

the vocal power level was classified into normal, raised, loud and shout. It is also important for the 

noise prediction because most of the crowd noise prediction in the eating establishments can be 

described by two steps: determining an individual's vocal effort and calculating the noise 

accumulation of all the diners based on different assumptions [21]. However, the vocal power level 

is influenced by many factors, which made it difficult to be predicted accurately. For example, the 

composition ratio of gender and age would affect the intensity and frequency distribution of an 



 

 

individual's vocal effort [22]. Situational Context and whether or not serving alcohol could also 

influence it [23]. Group size is also an important factor, which effect could be divided into two 

aspects as follows. It is reasonable that only one speaker existed in a group at the same time, and 

theoretically, the speaker's sound power can be evenly divided by everyone in the group. So, the 

more massive the group size is, the less vocal energy each person could average. Nonetheless, a 

larger group size also means a more considerable average distance between the speaker and listener, 

which will cause the speaker to increase the voice [24]. The average group size varied in different 

situations and was 3 to 4 in most eating establishments [23, 25]. 

Deriving from the on-site noise in a space is a particular method to obtain the vocal power level 

of the crowds, which is suitable for some situations where exists high noise or the microphone is not 

appropriate to approach the human mouth. It also avoids the distortion of the test environment in the 

laboratory [26]. Several models have been proposed to predict the vocal power level in eating 

establishments. Hodgson [27] investigated the relationship between the noise level and the number 

of occupants in ten eating establishments through questionnaires and measurements. And then, 

optimisation techniques were used to find the best estimate of unknown prediction parameters, 

using the measured noise level as the prediction target. Rindel [28] explored the vocal power level 

and speech signal-to-noise ratio in restaurants, and the concept of “acoustic capacity” was proposed 

based on reverberation sound energy superposition and computer simulation technology. However, 

all the models above were based on the assumption of the diffuse sound field, and only the 

reverberant energy was considered. There were few considerations for the direct sound in the 

prediction of vocal power level. Njis [16] explored the role of direct sound in crowd noise through 

the calculation in a virtual space, which showed that the the direct sound had a great impact on the 

result in the non-reverberant field. Tang [29] derived a method for calculating the direct sound 

accumulation of crowd to predict the noise level in an enclosed space. This implied a method of 

predicting vocal power level from the measured noise that takes into account both the direct sound 

energy and reverberant sound energy, which will be explored in this article. 

The speaking ratio refers to the proportion of the number of speakers to the total number of 

occupants. This parameter was first used in the prediction model of crowd noise [27]. It is a critical 

parameter in the relationship between the noise level and the speaker's vocal effort [30]. In earlier 

models for crowd noise, the speaking ratio was used as a default value, 1/3 [27, 28]. However, noise 

can affect people's willingness to speak, so as the noise changes during a meal in the college canteen, 

the speaking ratio will also have a temporal difference. People also behave differently in different 

scenes, which will make the speaking ratio in the college canteen different from that in the 

restaurant or other spaces. Moreover, the speaking ratio may also vary in different cultural 

backgrounds. The long-term noise spectrum in 12 languages [31] found that the noise of different 



 

 

languages was similar, but the anti-interference ability was not the same. With the same output 

power, Mandarin was considered to have lower speech intelligibility [32] than English in noisy 

conditions, and Chinese may have higher noise sensitivity [33], which may also result in the 

difference in responses to noise. Therefore, the value of speaking ratio in Chinese college canteens 

and how it changes with factors such as noise level, gender and group size has not been determined 

by empirical investigations. 

In this paper, a prediction model for vocal power level based on the on-site crowd noise was 

introduced into Chinese college canteens, which considers both the direct and reverberation sound. 

And then, two on-site measurements were conducted to determine the parameters, such as noise 

level, the number of diners, and the speaking ratio (by video records). Based on this prediction 

model, Lombard slope and vocal power level were obtained. 

2 Method 

2.1 Model Establishment 

The vocal power level can be obtained from the noise level in the college canteens through the 

following model. Firstly, the crowd noise was obtained by subtracting background noise from total 

noise, as the total noise level 

𝑆𝑃𝐿𝑡𝑜𝑡𝑎𝑙 = 𝑆𝑃𝐿𝑝ℎ  +̇ 𝑆𝑃𝐿𝑐𝑟                       Equation 1 

where, 𝑆𝑃𝐿𝑝ℎ is "physical" noise level, which is often considered as a constant, as explained 

in the Introduction in this paper；𝑆𝑃𝐿𝑐𝑟  is the crowd noise level, which can be affected by many 

factors, and its prediction is the key to most research problems; +̇ is the adding of energy. So the 

crowd noise  

𝑆𝑃𝐿𝑐𝑟 = 𝑆𝑃𝐿𝑡𝑜𝑡𝑎𝑙  −̇𝑆𝑃𝐿𝑝ℎ                       Equation 2 

where,  −̇ is the subtracting of energy. 

Assuming that everyone has the same average vocal power level (in the entire dining process, 

including talking time and silent time), 𝐿𝑊,𝑒𝑎𝑐ℎ, then the direct noise level at receiver j from all the 

speakers 

𝑆𝑃𝐿𝑐𝑟,𝑗,𝑑𝑖𝑟 = 𝐿𝑊,𝑒𝑎𝑐ℎ  +  10 log10 [∑ (
𝑄

4𝜋𝑟𝑖𝑗
2 )

𝑛𝑡𝑜𝑡𝑎𝑙
𝑖=1 ]            Equation 3 

where, Q is the directivity factor, which is usually assumed to be 1 [25, 29], that is, the crowd is 

considered as a non-directional sound source; 𝑟𝑖𝑗  is the distance from the i-th sound source to the 

receiving point j; 𝑛𝑡𝑜𝑡𝑎𝑙 is the total number of occupants. The reverberant noise level at receiver j 

from all the speakers 

𝑆𝑃𝐿𝑐𝑟,𝑗,𝑟𝑒𝑣 = 𝐿𝑊,𝑒𝑎𝑐ℎ  +  10 log10 [
4∗𝑛𝑡𝑜𝑡𝑎𝑙

𝑅
]               Equation 4 

where R is the room constant. So, the noise level at receiver j from all the speakers 



 

 

                                        𝑆𝑃𝐿𝑐𝑟,𝑗 = 𝑆𝑃𝐿𝑐𝑟,𝑗,𝑑𝑖𝑟 +̇ 𝑆𝑃𝐿𝑐𝑟,𝑗,𝑟𝑒𝑣  

= 𝐿𝑊,𝑒𝑎𝑐ℎ +  10 log10 [
𝑄

4𝜋
∑ (

1

𝑟𝑖𝑗
2 ) +

4∗𝑛𝑡𝑜𝑡𝑎𝑙

𝑅

𝑛𝑡𝑜𝑡𝑎𝑙
𝑖=1 ]        Equation 5 

A similar relationship was also described by Tang [29] in his model for noise prediction. If the 

𝑆𝑃𝐿𝑐𝑟,𝑗  was measured at point j, the average vocal power level of each diner 

𝐿𝑊,𝑒𝑎𝑐ℎ = 𝑆𝑃𝐿𝑐𝑟,𝑗 − 10 log10 [
𝑄

4𝜋
∑ (

1

𝑟𝑖𝑗
2 ) +

4∗𝑛𝑡𝑜𝑡𝑎𝑙

𝑅

𝑛𝑡𝑜𝑡𝑎𝑙
𝑖=1 ]         Equation 6 

If people are assumed to be evenly distributed, the distance between the diners 

𝐷0 = √
𝑆

𝑛𝑡𝑜𝑡𝑎𝑙
                               Equation 7 

where 𝑆 is the area of the canteen. Then, the coordinates of each diner can be determined. In reality, 

there is a minimum distance between the diners, so the speaker closer than 0.5 m from the receiver 

point was eliminated to avoid the occurrence of the extreme value of sound power. 

However, 𝐿𝑊,𝑒𝑎𝑐ℎ  is not the vocal effort of the diners because they are not always talking 

during mealtime. So, the vocal power level when speaking 

𝐿𝑊,speaking = 𝐿𝑊,𝑒𝑎𝑐ℎ ÷̇ 𝛼                       Equation 8 

where, ÷̇ represents energy division. 𝛼 is the speaking ratio. 

How to obtain the speaking ratio is another difficulty. There are two ways: one is dividing the 

number of diners speaking by the total number of diners, and the other is dividing one person's 

speaking time by the total mealtime. Assuming that people speak "evenly" during a meal, then the 

two ratios are approximately equal, i.e. 

𝑛speaking

𝑛𝑡𝑜𝑡𝑎𝑙
= αspeaking ≈ αspeaking,𝑒𝑎𝑡𝑖𝑛𝑔 =

∑ 𝑡𝑖
𝑛𝑡𝑜𝑡𝑎𝑙
𝑖=1

∑ 𝑡𝑡𝑜𝑡𝑎𝑙
𝑛𝑡𝑜𝑡𝑎𝑙
𝑖=1

              Equation 9 

where, αspeaking  is the ratio of people who are talking at a given moment; αspeaking,𝑒𝑎𝑡𝑖𝑛𝑔  is the 

ratio of the speaking time to the mealtime; 𝑛speaking  is the number of occupants who are speaking; 

𝑡𝑖 is the sum of the speaking time of a person during mealtime; 𝑡𝑡𝑜𝑡𝑎𝑙  is the mealtime of a diner. It 

is very difficult to obtain αspeaking  directly, so it was counted instead of αspeaking,𝑒𝑎𝑡𝑖𝑛𝑔 in this 

article. Considering everyone's mealtime is different, the noise level will also change during this 

period. However, if sufficient samples are recorded, a reasonable approximation of the speaking 

ratio can still be obtained. 

When the noise level at each point has been measured, the crowd noise can be calculated by 

Equation 2. And then, the vocal power level can be deduced by Equation 6. Finally, the Lombard 

slope can also be obtained based on the relationship between the vocal power level and the noise 

level. Since the noise level used in this model is measured, there is no need to consider the iterative 

process of interaction between diners in the calculation process. 

Compared with Rindel [28] and Hodgson's [27] models for predicting vocal effort, this model 

considers the influence of direct sound, which increases the complexity of the calculation. And 



 

 

two more results are predictable: (1) The addition of the direct sound will lead to a lower vocal 

effort result when the vocal effort is calculated based on the noise level. (2) The consideration of 

the coordinates of the sound source and the receiver will introduce fluctuating direct sound energy, 

which is very likely to make the predicted vocal effort more discrete. 

2.2 Measurement site 

Two typical Chinese college canteens were selected as the measurement site. One was the 

student canteen in the west area of Beichen Campus of Hebei University of Technology (H), and the 

other was the third student canteen in Weijin Road Campus of Tianjin University (T). Their interiors 

and room information were shown in Figure 1 and Table 1. The canteen H was a typical flat space, 

and the canteen T had a small mezzanine. In terms of the number of seats, these two canteens are 

both between 500 and 1,000, which are of the general level of the canteens of Chinese colleges [1] 

and have better universal applicability. There was little sound absorption in both of the two canteens. 

The floor materials of both canteens were ceramic tiles, and the surface of the walls was painted and 

wallpaper. The dining table was made of plastic and stainless steel. The ceiling material of the 

canteen H was gypsum board. The canteen T had no suspended ceiling, and the roof material was 

steel. In winter, there would be a small cushion on the chair, which was the rare sound-absorbing 

material in these two canteens except for people. 

  

a b 

Figure 1 Photos of the two canteens(a: canteen H; b: canteen T) 

 

Table 1 Room information of two selected college canteens 

 
Length/Width 

/Height(m) 
 

Volume 

(m3) 

Surface area 

(m2) 

Floor area 

(m2) 

No. of 

seats 

Seating density 

(1/m2) 

RT 

(s) 

H 49.8/18.6/3.4  3149.4 2317.7 926.3 680 0.73 1.08 

T 47.5/23.4/8.9  8417.8 3184.5 1171.4 716 0.61 1.04 

Reverberation time (RT) was measured by the impulse response method using Dirac v6.05 

software based on ISO-3382 [34]. In order to avoid panic caused by the large impulse sound during 



 

 

the test, and the fire system's reaction caused by the gun smoke, the balloon burst was used as the 

sound source, which was shown as S1 and S2 in Figure 2. In canteen H, point 6 and 7 were the 

receivers of S1 and point 10 and 11 were the receivers of S2. In canteen T, point 10 and 11 were the 

receivers of S1 and point 18 and 19 were the receivers of S2. The reverberation time in this article 

was mainly used to predict the vocal power level from the measured noise sound pressure level, 

using the classical formula based on the assumption of the reverberant sound field. Considering that 

the noise level was A-weighted, it is reasonable to use the average value of reverberation time in 

several frequency bands. According to Barron's prediction model [35], 500 Hz, 1000 Hz and 2000 

Hz were chosen as the averaged octave bands. The single value of reverberation time was obtained 

by averaging the values at the centre frequency of the three-octave bands (500 Hz, 1000 Hz, 2000 

Hz). During the measurement of the reverberation time, there were few people in the two canteens. 

The results were shown in Table 1. 

2.3 Noise level 

The change of noise level with time was obtained by measurements at different receivers at 

5-minutes intervals. The receivers were distributed evenly in the two canteens, as shown in Figure 2. 

The measurements lasted for three hours, from 11:00 to 14:00 in canteen H and from 10:45 to 13:45 

in canteen T. Both measurements included a complete meal cycle (from a small number of 

occupants to the peak period, and then to a small number of occupants again). The hand-held sound 

level meters (AWA5688) were used, and the measurement period at each point was one minute. 

 

a 



 

 

 

b 

Figure 2 Plans of the two canteens (a: canteen H; b: canteen T. S1 and S2 were the sound source in 

the measurements of reverberation time in two canteens, and the numbers were the receivers.) 

2.4 The number of occupants in the canteens  

In the two canteens, cameras were set at the entrance to record the number of occupants’ 

entering and leaving during mealtime. And then, the change in the number of occupants with time 

was counted through the video records. 

2.5 Speaking ratio 

The status of diners was recorded by another camera. Diners facing the camera were numbered, 

and their speaking time and non-speaking time were counted using a small python program, as 

shown in Figure 3. When a person starts to eat, the program starts to run and automatically counts. 

When a diner starts talking, click a button, and when this diner stop talking, click another button. 

When the meal is over, the program automatically counts the mealtime and speaking ratio of the 

diners. Then, the speaking ratio was obtained by the statistics of everyone's speaking time and total 

mealtime. In canteen T, 229 diners were counted by video records. 



 

 

 

Figure 3 Video screenshots of diners in the canteen T, in which the blue numbers represented the 

single diners, while the red ones were in a larger group. 

2.6  Limitation 

There are always some staff during the use of the canteen, and the noise of these people is 

regarded as background noise. This will result in higher background noise, which may introduce 

some uncertainties. In order to avoid causing panic among users who are always present in the 

college canteens, balloon burst, instead of gunshot, was used to obtain the impulse response, 

which is also a method allowed by ISO 3382. 

Since this study was only carried out in two community college canteens, the stability of the 

data obtained needs more research to confirm. 

3 Results 

3.1 Noise level and the number of occupants 

The changes in the number of occupants and noise level during mealtime in the two college 

canteens were shown in Figures 4a and 4b (grey solid lines). The relationship between the number 

of occupants and time in the two canteens showed three stages: growth, plateau, and elimination. 

Since the two canteens were open almost all day, the canteens were always maintained with a small 

number of occupants in the non-dinner time. In canteen H, starting from 11 o'clock, the number of 

occupants had gradually increased from about 50 people to about 210 people at 12:00. Then, the 

number of occupants entered a peak period that lasted about an hour. From 13:00, the number of 

occupants began to decrease with a slope that was almost the same as increase, until 14:00 the 

number of occupants decreased to slightly more than the state at the beginning. The increase and 

decrease curves of the number of occupants had a good symmetry. 

The relationship between the noise level and the time in the two canteens was also shown in 



 

 

Figure 4. The noise-level curves were almost synchronised with the number of occupants in two 

canteens. However, near the peak of the number of occupants, the noise level appeared to reach a 

plateau, and the noise no longer increased with the increase in the number of occupants. There might 

be two reasons. The first was that after the noise reached a relatively high level, the increase in 

human voice gradually reached the physiological limit, and the proportional increase in the 

Lombard effect was suppressed, thereby reducing the increase in noise. The second reason might be 

that after the noise increased, the diner's willingness to speak was suppressed, which meant that the 

speaking ratio decreased. 

 

  

a b 

Figure 4 The variation of the number of occupants and noise level during mealtime in the two canteens. 

(a: canteen H; b: canteen T. The measurement time is three hours, from 11:00 to 14:00 in canteen H and 

from 10:45 to 13:45 in canteen T. The solid grey line is the number of occupants, and the dashed black 

line is the noise level.) 

 

The relationship between noise and the number of occupants in the two canteens was obtained, 

as shown in Figure 5. It showed that about fifty diners presented in the two canteens in the initial 

state so that the initial background noise was relatively high (62 ~ 65 dBA). The range of noise 

changing in both canteens is 8-10 dB, and the noise level had a strong correlation with the number of 

occupants. If the diner was regarded as an omni-source and each source produced the same 

contribution at the receiving point, then the relationship between the total sound pressure level at the 

receiving point and the number of diners can be simply described as. 

𝑆𝑃𝐿𝑡𝑜𝑡𝑎𝑙_𝑜𝑚𝑛𝑖 = 𝑆𝑃𝐿𝑜𝑚𝑛𝑖_𝑒𝑎𝑐ℎ + 10 ∗ log10 𝑁              Equation 10 

where, 𝑆𝑃𝐿𝑡𝑜𝑡𝑎𝑙_𝑜𝑚𝑛𝑖 is the total sound pressure level at the receiving point; 𝑆𝑃𝐿𝑜𝑚𝑛𝑖_𝑒𝑎𝑐ℎ is 

the contribution of each source; N is the number of diners in the canteen. The fit line of y=a+log10(x) 

was also shown as the solid line in Figure 5. It showed that the line fitted well with the scattering 
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points in canteen H, with a coefficient of determination of 0.668. In canteen T, there was some 

deviation between the line and the scattering points, with a coefficient of determination of 0.371. So, 

the relationship between the noise level and the number of occupants was not simply the 

superposition of equal-intensity sound sources, and it depended on different canteens. Crowd 

density [5] was also an important factor affecting crowd noise, as shown in Figure 5. However, 

considering that the two halls were close in the plan area, the reason for the different noise level 

under the same number of people or density might be more dependent on some other differences 

between the two canteens. First, the maximum number of occupants in the canteen T was 

significantly higher than that in the canteen H, reaching about 800 occupants. Second, the change in 

the number of occupants in the canteen T did not have a flat peak period. It began to decline 

immediately after reaching the maximum number of occupants. The increase and decrease in the 

number of occupants also had a good symmetry, and the peak appears at about 12:10. 

  

a b 

Figure 5 The relationship between noise level and the number of occupants in the two canteens. (a: 

canteen H; b: canteen T. The solid line is the fit line of Equation 10, y=a+log10(x).) 

 

3.2 The speaking ratio 

The relationship between speaking ratio and time was obtained by recording each diner during 

the mealtime, as shown in Figure 6. The results showed that the average speaking ratio varied from 

0.06 to 0.26 during the meal. The average value of the speaking ratios was 0.12, which was far less 

than the practical value, 1/3. 



 

 

 

Figure 6 The relationship between speaking ratio and time in the Canteen T. 

 

According to the one-to-one correspondence between the noise level and time, the relationship 

between the speaking ratio and the noise level was obtained, as shown in Figure 7. With the increase 

of noise level, the average value of the speaking ratio decreased significantly, from the initial about 

0.2 to about 0.09, which indicated that when the environment became noisier, diners' desire to 

communicate would gradually weaken. Moreover, the variation of speaking ratio was high when the 

noise level was low. As the noise increased, it gradually converged, and the speaking ratio would not 

continue to decline and became stable at around 0.1 after the noise reached 70 dBA. The possible 

reason was that the initial increase in noise might suppress non-functional communication. After the 

noise level increased to a certain high value, the diners would only carry out the necessary 

functional communication, so the speaking ratio became stable and did not decrease. The 

discreteness of the speaking ratio data indicated that the speaking ratio has great individual 

differences. 

 

 

Figure 7 The variation of speaking ratio with the noise level. (the solid line is the linear regression.) 
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The relationship between the noise and speaking ratio of men and women were shown in 

Figure 8. The gender difference was obvious and varied with the noise level. The speaking ratio of 

men was higher than that of women when the noise was low. As the noise increased, the ratio of 

men's speaking began to decrease. When the noise reached 70 dB, the gender difference was no 

longer apparent, and the speaking ratio of men and women were both about 0.1. 

In addition to the noise level and gender, group size was also an essential factor in the speaking 

ratio. It was generally believed that when there were a large number of groups, there was only one 

speaker at a time, and the other members were all listeners. According to this theory, as the group 

size increased, the speaking rate would show a downward trend. The relationship between the 

speaking ratio and the group size was shown in Figure 9. As the group size increased, the speaking 

ratio showed a downward trend. However, the speaking ratio in the three-person group was higher 

than that in the two-person group. The reason might be that the conversation was more heated after 

the group became larger, which caused the speaking ratio to rise. However, the speaking ratio in the 

seven-person group was also higher than that in the six-person group. Considering that the sample 

number of the seven-person group is only 3, this might also be caused by the fluctuation of the 

sample. If more samples were measured, this trend might disappear. 

 

Figure 8 The difference in the speaking ratio in gender. (the male was represented by empty circles, 

and the female was represented by crosses. Solid lines represent polynomial regression lines for the 

male, and dashed lines represent polynomial regression lines for the female.) 

y = 0.0031x2 - 0.4427x + 16.045
R² = 0.3429

y = 0.0016x2 - 0.2328x + 8.4333
R² = 0.361

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

65 67 69 71 73 75

S
p

ea
k

in
g

 R
at

io

Noise Level (dBA)

male female
male female



 

 

 

Figure 9 The relationship between speaking ratio and group size. (the solid line is the linear 

regression.) 

 

From the above analysis, it indicated that the speaking ratio was not a fixed value. It also 

changed with noise and other factors, such as gender and group size. However, the deeper 

mechanism of this phenomenon was also not verified, and more research needs to be conducted to 

get a more in-depth explanation. 

3.3 Lombard effect and evaluation of vocal effort 

According to the one-to-one correspondence between the noise level and time, the relationship 

between the vocal power level 𝐿𝑊,𝑠𝑝𝑒𝑒𝑐ℎ and the noise level in two canteens was also obtained 

respectively, as shown in Figure 10. Linear regression was used to find the Lombard slope, and two 

values of Lombard slope were obtained in the two canteens. The Lombard slope was 1.26 dB/dB in 

the canteen H and 0.80 dB/dB in the canteen T. The Lombard slopes in Chinese college canteen 

were higher than the results in similar non-laboratory tests as follows. In a series of non-laboratory 

conditions tests led by Pearson [20], the Lombard slope was 0.58 dB/dB in the home and 0.76 

dB/dB in School. In the test in a 108 m3 room conducted by Nijs [16], the maximum Lombard slope 

was 0.48 dB/dB. In a series of tests conducted by Hodgson in 13 restaurants, the overall Lombard 

slope was 0.69 dB/dB. A possible explanation for this was the cycling effect described in the 

Introduction. When a person entered the space, the increase in noise went through an iterative 

process, which made the increased noise level higher than that in the anechoic room. Another 

possible explanation for this was the cultural difference. Previous studies[5] had found that Chinese 

people showed higher sensitivity to different noises, which might appear as a higher Lombard slope. 

It should be noted that the Lombard slope in this paper was obtained by linear regression, and 

its determination coefficient was not high, as shown in Figure 10. The relationship between noise 

and the number of people was very discrete in field tests[27, 36], with a coefficient of determination 

ranging from 0.05 to 0.85, which was also reflected in the subsequent relationship between noise 

and vocal effort. This looked more like a feature of crowd noise, the randomness of noise intensity 
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and vocal time made it difficult to make predictions accurate to a certain value. The nonlinear 

relationship between voice and noise has also been introduced [27]. But due to its complexity, it was 

rarely used to find the Lombard slope, and simpler and easier-to-use algorithms were needed. 

Logarithmic regression was also performed in the results of the two halls, and a better coefficient of 

determination was obtained. In canteen H, the adjusted R-squared was almost the same, while in 

canteen T, the adjusted R-squared rised from 0.303 in linear regression to 0.365 in logarithmic 

regression, which indicated some non-linearity in the relationship between the noise level and vocal 

effort. 

  

a b 

Figure 10 The relationship between vocal power level and the noise level in two canteens. (a: canteen H; 

b: canteen T. The solid line is the linear regression. The dashed line is the logarithmic regression. The 

chain line is the Pearson’s evaluation criterion (the former is the vocal power level, and the latter is the 

evaluation value.).) 

 

The voice effort of people in the two canteens was at a high level. Most values of vocal power 

level in the canteen H were between 70 to 80 dBA, which was between Raised and Loud based on 

the Pearson's evaluation criterion, and most values of vocal power level in the canteen T varied from 

75 to 85 dBA, which was between Loud and Shout. It could be seen that the noise in the Chinese 

college canteens was very high. In this environment, diners needed to increase the vocal power level 

to about 64 dBA (Raised) to make themselves be heard. In most cases, it needed to reach 73 dBA 

(Loud), and during peak dining hours, more than 85 dB (Shout) was required to maintain the 

communication. 

The overall relationship between vocal power level 𝐿𝑊,𝑙𝑜𝑚𝑏𝑎𝑟𝑑  and the noise level in two 

canteens was shown in Figure 11. The overall Lombard slope was 1.33 dB/dB, which was larger 

than the value in either canteen. 17.1% of the data fell between Raised and Loud, and 71.8% of the 

data fell between Loud and Shout. It indicated that the crowd noise in Chinese college canteens had 

a significant impact on communication and some acoustic treatment was necessary. 



 

 

 

Figure 11 The variation of the vocal power level with the noise level in both canteens. (The solid 

line is the linear regression. The dashed line is the Pearson’s evaluation criterion (the former is the 

vocal power level, and the latter is the evaluation value).) 

 

4 Discussion 

In the test of speaking ratio in this paper, results showed that the speaking ratio in Chinese 

college canteens during the peak dining period was about 0.1, which was far less than 1/3 of the 

experience value. 98.7% of values were less than 1/3. The reason why the results of the speaking 

ratio in this article were different from that in the previous studies might be the cultural difference. 

Chinese college canteen tended to focus more on dining functions, and the dining time was usually 

very short. There was not much time for communication during mealtime. 

Secondly, it may be due to the dining environment. The two canteens accommodated a large 

number of occupants, which resulted in a smaller distance between diners and led to higher received 

noise and a lower speaking ratio. Moreover, the speaking ratio used in previous studies, 1/3, was a 

practical value rather than the result directly confirmed by testing. From this perspective, the actual 

value of the speaking ratio in the English environment also required more tests to verify. 

5 Conclusion 

In this paper, the relationship between the crowd noise and time was obtained in two typical 

Chinese college canteens. One was the western canteen of the Beichen campus of Hebei University 

of Technology, and the other was the third student canteen of the Tianjin University Weijin Road 

campus. During the meal, the noise varied from 61 dBA to 73 dBA, and the noise-time curve was 

inverted U-shaped. The maximum value of noise appeared at the peak of the meal from 12:10 to 

12:30. The noise level had a strong correlation with the number of occupants, but the relationship 

between the two was not simply the superposition of equal-intensity sound sources.  
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As an important parameter of crowd noise, the speaking ratio was also studied in this paper by 

analysing the video recording. It varied from 0.06 to 0.26 during the meal. Noise seemed to be the 

most critical factor influencing the speaking ratio. The variation of speaking ratio was high when the 

background noise was low. As the noise increased, it gradually converged, while the speaking ratio 

did not continue to decline and became stable at around 0.1 after the noise reached 70 dBA. Gender 

and group size could also affect the speaking ratio. Based on the results in this paper, the average 

value of the speaking ratios was 0.12, which was far less than the practical value, 1/3.  

A prediction model for crowd noise under crowd noise was introduced into Chinese college 

canteens, which considered direct and reverberant sound energy using the parameters of room 

information, the location of the diners, and the speaking ratio. The sound power level of diners was 

obtained by this model, and the Lombard slope was also obtained in the two canteens. The overall 

Lombard slope was 1.33 dB/dB. Based on Pearson's evaluation criterion, 17.1% of the data fell 

between Raised and Loud, and 71.8% of the data fell between Loud and Shout. It indicated that the 

crowd noise in Chinese college canteens had a significant impact on communication and some 

acoustic treatment was necessary. 
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