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Abstract 

While an increasing number of studies are examining the effect of the sound environment in 
restaurants, this study is the first to examine the effect of children on the sound environment of 
dining areas. We measured children’s behaviour and the sound pressure level in a dining area and 
investigated acoustic comfort and sound source to ascertain the influence of the number of children, 
behaviour, and gender combinations while playing on the sound environment of a typical fast-food 
restaurant in Harbin City, China. The results demonstrate that, first, with fewer than four children, 
the sound pressure level (SPL) increases significantly when the number of children increases (e.g., 
by 2.8dBA per child). However, when the number of children exceeds four, the SPL is almost 
stabilised. Second, sound sources heard by people in the dining area can also be influenced by the 
number of children; the sound of communication among children increased by 12% and then 
decreased by 20% as the number of children increased. Finally, the number of children affects 
acoustic comfort by 2.2 (on a 5 point scale) due to the duration of the Max SPL, and by 1.0 due to 
the percentage of screaming and communicating. These results demonstrate that the sound 
environment can be improved by changing the number of children and their combination groups. 
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1. INTRODUCTION 
Restaurants can be divided into five types based on the level of consumption: quick-service 

restaurants (QSR or fast-food), fast-casual, midscale, moderate (or casual), and fine dining (or 
upscale) [1]. Of these, fast-food restaurants have gradually become the main choice for eating out, 
owing to the convenient and fast dining experience that they offer [2]. In selecting fast-food 
restaurants, customers focus on the restaurant environment [3], particularly the sound environment, 
as well as factors such as taste [4]. Some previous studies have noted that a restaurant’s sound 
environment significantly affects the customer’s will to return and to recommend the restaurant [5]. 
Another indoor study found that the sound environment (e.g., acoustic comfort) affects a customer’s 
evaluation of their overall satisfaction with the restaurant [6-8]. Another study noted that a 
restaurant’s sound environment affects how people feel about the taste of the food [9]. In terms of 
sound sources, some studies have noted that the negative evaluation of sound sources in restaurants 
has a greater impact on potential sources of visitors than positive evaluations [10]. Therefore, it is 
very important to create a good sound environment in restaurants, particularly fast-food restaurants. 

Some previous studies have also demonstrated that the evaluation of the sound environment 
can be affected by multiple factors (e.g., spaces, human factors, and the sound environment itself). 
Different crowd densities in restaurants have an impact on the sound environment as well as on 
customers’ acoustic comfort [11]. Moreover, while age and gender do not affect the judgment of 
acoustic comfort, the length of the visit and activities do [12]. The social characteristics of the 
customer, such as income, education, and occupation, and so on, also affect acoustic comfort [13]. 
Different types of restaurant may use different types of background music, which will also have a 
certain impact on sound comfort [14, 15]. Of these music types, classical concerts encourage people 
to spend more [16]. The noise of the equipment in the restaurant has an adverse effect on customers’ 
acoustic comfort [11]. People’s conversation behaviour at dinner is also affected by the sound 
environment [18], with, for example, the cocktail party effect, which means people concentrate on 
interesting conversation and ignore other sounds in restaurants, and this significantly affects 
customers’ acoustic comfort [19]. However, the influence of children’s activities on the sound 
environment and acoustic comfort has not been considered in previous studies. 

Although the effects of children’s activities on restaurants’ sound environment are rarely 
mentioned, children-directed marketing is being used by more fast-food restaurants [20]. In terms 
of children’s age characteristics, some studies have demonstrated that playing with peers of the same 
age can effectively eliminate a child’s loneliness [21]; thus, many parents take their children to the 
playground. In terms of gender characteristics, in social problem-solving strategies, girls are more 
peaceful than boys [22]; the latter expand from small groups into large groups to form peer groups, 
while girls tend to form individual small groups [23]. There is no obvious difference between boys 
and girls in terms of communicating with others [24], but girls are more sensitive to the status of 
people in the group [23]. The gender of the children and their playmates also affects their 
engagement in activities [25]. Although children have not yet fully developed gender stereotypes, 
they are more likely to play with children of the same sex [26]. 

Based on the above, this study aims to ascertain the impact of children’s activities in the 
playground on the SPL and acoustic comfort of fast-food restaurants. First, the influence of the 
number of children and behaviour combinations while playing on the sound environment were 
examined. Then, the relationship between children’s characteristics and the perception of sound 
sources were examined. Finally, the effect of children’s characteristics on the acoustic comfort of a 
dining space with a playground was investigated. A typical fast-food restaurant in Harbin city, China, 
was selected as the case site. The SPL and observation of children’s behaviour were measured, while 
acoustic comfort and sound sources were investigated using questionnaires. 

2. METHODS 
2.1. Case Study Site 

Numerous previous studies have found that children’s playgrounds in fast-food restaurants 
usually have one of two typical layouts (Fig. 1) [27]: either the playground is located in the dining 
area or it is located outside of the dining area. In the first arrangement, there is usually no wall 
between the children’s playground and the dining area so that sound transmission cannot be 
effectively prevented [28]. Under this arrangement, the children’s playground has a greater effect 
on the sound environment of the dining area. To investigate the influence of children’s playgrounds 
on the sound environment, this paper selected a case study site featuring the first arrangement. 

A Kentucky Fried Chicken (KFC) outlet in Daoli District, Harbin, China, was selected as the 



Qi Meng, Shanshan Liu, Jian Kang: Applied Acoustics              [doi.org/10.1016/j.apacoust.2019.107201] 

Applied Acoustics, Volume 162, 2020                                         Page:3 

study site. Within this KFC outlet, furniture divides the second floor into two main dining areas, one 
of which contains a children’s playground (Fig. 2). There are 13 tables in this dining area, which 
can accommodate 33 to 40 people. The children’s playground is located in one corner of the dining 
area, with an area of approximately 14 square meters, accounting for 20 per cent of the dining area. 
A 1.2-meter-high fence divides the children’s playground from the dining area. The decoration 
materials of the dining area and children’s playground can be found in Table 1. 

 
Fig. 1 Two types of layout mode 

 
Fig. 2 Plan of case site 1:100 

Table 1 Interior materials of ceilings, walls, and floors in the case study site 
  Children’s playground Dining area 

Photos  

  

Interior materials 
and sound 
absorption 
coefficient 

Ceilings Gypsum Gypsum 
α=0.3 α=0.3 

Walls Soft pack Plastic 
α=0.5 α=0.08 

Floors Cystosepiment KFC tail 
α=0.23 α=0.01 

 Tables  
 

Wood 
α=0.03 
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2.2. Observation of Children’s Behaviour 
After gaining permission from their parents, an HD video camera was used to record the 

behaviours of children playing in the playground. Observations of the children’s characteristics in 
the case site were carried out every weekend and lasted one year (from Nov. 2017 to Oct. 2018) 
because of the following reasons. It was found that there was no significant difference in the number 
and behaviour of users between weekdays and weekends at KFC, as well as the SPL and the types 
of background music. However, as children usually go to the case site at the weekend, it is easier to 
investigate the different number of children at the weekend. As our previous investigation had 
shown that this is the time of highest usage of the playground, the observation period lasted from 
10.00 am to 6.00 pm. Children aged between three and six years were selected for observation, as 
previous studies have demonstrated that this age group can operate independently in playgrounds 
[29]. Furthermore, for safety reasons, the children’s playground does not recommend usage by very 
young children, while children over six years gradually decrease their interest in this kind of play 
and instead prefer games that challenge their intelligence [30]. 

As children require some time to adapt to the playground environment [31], the observation 
began at least one minute after the child had entered or exited the playground. Some previous studies 
have demonstrated that children’s concentration increases with age [32]. In the observation, children 
in the playground could usually maintain stable activity for eight to ten minutes. Therefore, the 
observation time for each playing types was set at five minutes. During the observation, children 
sometimes suddenly ran out of the playground. In such cases, observation continued so long as the 
child was not separated from the activities in the playground. If the child disengaged from the 
activities, however, the observation would cease. 

According to the observation of children’s performance in the activities, the combination of 
their activities can be divided into three basic types: centralised, partially centralised, and dispersal. 
The centralised combination means that all children in the field form a group to play together. The 
dispersal combination means that no playgroup is formed; instead, every child takes care of himself 
and plays alone. It should be explained that the partially centralised combination means that some 
of the children in the playground form a playgroup, while other children play alone. 
2.3. Measurement of Acoustic Environment 

The SPL was measured at the same time as the observation of the children’s behaviour. The 
data lasting for 3–5min and the interval between the two data was at least 1min. The sound-level 
meter was set 1 meter away from the wall and main reflector and 1.2–1.5 meters from the ground 
[33]. The data were measured every second using fast-style and A-weight [34]. At the survey site, 
to avoid measurement errors, six measurement points (A-F) were first selected in the initial SPL 
measurement, and every point was at least 2 meters apart. The results of each point were not 
significantly different from the other points [35]. Therefore, point C was selected in the formal 
investigation, to avoid the influence of the users, as fewer users sit nearby the children’s playground. 
In order to avoid the influence of people sitting close to the measurement point, the measurement 
was carried out only when there was no user nearby.  

In the analysis, we took the data average as the average SPL and the instantaneous Max value 
as the Max SPL and the Min value as the Min SPL, because the children’s sudden shouts are at a 
high frequency and a high decibel level, which may influence both the instantaneous SPL and 
acoustic comfort. Simultaneously, the duration of each shout or loud communication was relatively 
short. Taking the instantaneous Max value as the Max SPL can reflect the change in the sound 
environment more truly and accurately.  

As reverberation time may influence the sound feeling in an indoor space [36, 37], we also 
took this factor into account. Based on the investigation, the number of people in the dining area 
was generally between 6 and 35. From the calculation using the Eyring formula, the T30 (500Hz) 
was 0.52 (6 users) to 0.40s (35 users). The difference in the reverberation time (RT) was only 0.12s, 
and therefore, the effect of RT based on different crowd density was not considered in this paper 
[18]. 
2.4. Questionnaire survey 

In this section, we introduce the length of survey time (2.4.1), selection and criteria for 
volunteer participants (2.4.2), survey and investigation of acoustic comfort (2.4.3), and sound 
sources (2.4.4). 

2.4.1. Length of survey time. After initial observations at the case site, it was found that people 
in fast-food restaurants engage in various activities such as having a brief rest, waiting for meals, 
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dining, and resting after dinner, and so on [18], although the main activity is eating. The length of 
time spent in fast-food restaurants also varies [38]. After more than 850 minutes of observation, the 
main behaviour affecting stay time is rest, with people in fast-food restaurants usually spending 
between 10–25 minutes eating, most of which is concentrated in approximately 15 minutes. 
Therefore, this study selected 15 minutes as the period of time within which to investigate the sound 
source and acoustic comfort.  

2.4.2. Selection and criteria for volunteers. The users at the case site can be generally divided 
into two groups. The first group includes parents who have a relationship with the children, and the 
second group includes people who are not related to the children. From the first group, the 
relationships between the parents and children may influence their evaluation of a sound 
environment. Meanwhile, teenagers and young adults are the typical service object of fast-food 
restaurants, and they usually have higher expectations for the restaurant environment. That being 
the case, 25 university volunteers (aged 20 to 24 years) were selected, with relatively equal numbers 
of females (12) and males (13). As some studies have noted that sound perceptions may vary by 
gender [39], the genders of volunteers were balanced to avoid the influence of gender. Participants 
were asked to investigate the sound source and acoustic comfort in the restaurant by filling out 
questionnaires. They were just told the aims of this project are to record sound sources and acoustic 
comfort, to ensure that they did not pay too much attention to the children’s voice. After arriving at 
the case site, they were given five minutes to adapt to the new environment to allow them to settle 
and judge the environment relatively accurately. To avoid habituation caused by a long stay, each 
participant recorded observations for no more than an hour. To ensure that the fast-food restaurant 
experience was authentic and that participants’ feelings replicated real-life while conducting the 
questionnaire, volunteers were free to engage in all activities usually conducted in the KFC outlet, 
such as dining, playing on their mobile phones, and chatting with friends, and so on. Then, the 
number of each sound source in the questionnaire and the percentage of the sound source to the total 
sound source was given in each period. In this way, the impact of the sound source on the volunteers 
was expressed.  

2.4.3. Acoustic comfort survey. A five-level scale was used to survey acoustic comfort [40]: 
1=very uncomfortable; 2=uncomfortable; 3=neither uncomfortable nor comfortable; 4=comfortable; 
and 5=very comfortable [41]. During the survey period, volunteers were asked to record the time 
and acoustic comfort, as well as the factors influencing their evaluation of comfort. According to 
the changing characteristics of the children’s behaviour in the playground, it was determined that 
volunteers would generally be required to record randomly at four to six-time points every 15 
minutes. The selection of such intervals ensured that there would be sufficient records in each period, 
and avoided the effect of too many subjective surveys on the results of the records. In the analysis, 
the average value of each data point was used to indicate the acoustic comfort of the period. 

2.4.4. Investigation of sound sources. In the survey, volunteers were asked to record the sound 
sources they heard at each time point. Repeated sound sources need to be recorded repeatedly, while 
at the same time recording the sound source that had the greatest impact on them. Based on an 
investigation of more than 200 persons (in 15 days, accumulated), which were people dining in the 
fast-food restaurant, 13 typical sound sources in fast-food restaurants with a children’s playground 
were summarised [27]. In this study, all other sources, such as customers’ chewing sounds, 
accounted for less than 1% and were excluded from the analysis. In the questionnaire, the sound 
sources were divided into sound source from the restaurant and sound source associated with the 
playground (Table 2). In this study, 20s was set as one period in the survey, because during this 
period, volunteers have enough time to record what they hear. Some sources are continuous, and 
these were considered as occurring once within 20s. There is a distinction between the sound of 
communication between customers and the sound of communication between parents because 
customers and parents who accompany children usually have different behavioural patterns and 
have different effects on acoustic comfort. These criteria were used as data to study the effect of 
sound sources on acoustic comfort. 

2.5. Statistics and analysis 
SPSS 24.0 [42] was used to establish a database with all the subjective and objective 

measurements. In this study, linear and nonlinear regression analyses were used to calculate the 
relationship between the number of children and SPL, as well as among the SPL and acoustic 
comfort, sound sources, and acoustic comfort. 
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Table 2 The main sound sources in case site 
Code 
name Type of sound Code 

name Type of sound 

a Background music i Sound of children beating 
instruments 

b Sound of equipment j Sound of children screaming and 
crying 

c Sound of cleaning k Sound of communication between 
children 

d Sound of table and chair friction  l Sound of communication between 
children and parents 

e Sound of communication between 
staff and customers m Sound of communication between 

parents 

f Sound of communication between 
customers   

g Sound of customers playing games   
h Footsteps   

3. RESULTS 
3.1. Effect of children on the SPL 

In this section, the effect of the number and behavioural combinations of children on the sound 
environment is explored. 

3.1.1. Number of children. The average SPL of the background noise in the dining area was 
66.3dBA (standard deviation 2.1) when there were no children in the playground. When there were 
no children or only one child in the field, children had little effect on the SPL, with T-test, p > 0.1. 
Due to the size of the playground, it was rare for more than eight children to play there at the same 
time. Therefore, this study investigates numbers of between two to eight children. 

A multiple regression analysis was used to analyse the data. The effect of the number of 
children on the SPL was found to be the highest fitting degree with the cubic curve, R ²= 0.992, p 
< 0.001. As shown in Fig. 3, the change in the SPL first increases and then tends to stabilise. When 
there are fewer than four children, the SPL demonstrates a trend of rapid increase. The average SPL 
is 70.6dBA when there are two children and increases to 76.2dBA when there are four children. On 
average, for every additional child, the SPL increases by 2.8dBA. When there are more than four 
children in the playground, the change to the SPL tends to stabilise, with an average SPL of 76.8dBA 
and fluctuating by 0.5dBA. 

 
Fig. 3 Effect of the number of children on the average SPL 

After analysing the fluctuation range of the SPL for each number of children, the Min SPL was 
found to increase gradually with the increase in the number of children. With an increase of one 
child, the SPL increases by 1.8dBA on average. The Max SPL does not keep increasing. As seen in 
Fig. 4, the Max SPL usually exceeds 100dBA with fewer than five children. In particular, when 
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there are only three children in the playground, the Max SPL reaches nearly 120dBA. When the 
number exceeds five, the Max SPL decreases significantly. The average Max SPL is 94.7dBA. 

 
Fig. 4 The effect of the number of children on the Max and Min SPL 

3.1.2. Behavioural combinations of children. When there are two children, there are only two 
possible combination types in the playground: centralised and dispersal. When there are seven or 
more children, almost no centralised combinations were observed. Therefore, the relationship 
among the number, the combinations, and the SPL was analysed for cases of three to six children. 

When there are three children, there is a 67% possibility of forming a centralised combination, 
with only 16.5% possibility of forming a dispersal combination (Fig. 5). As the number increases, 
the possibility of forming a dispersal combination gradually increases. When there are six children, 
the probability of occurrence of the centralised combination is reduced to 13%, and the probability 
of dispersal combination increases to 61%. The probability of a partially centralised combination 
decreases with the increase in the number of children. The highest probability of occurrence is with 
four children, at up to 40%. This combination is widely observed when there are three or more 
children in the playground. 

When the combination is centralised, children need to communicate through language to form 
and maintain playgroups. Simultaneously, with an increase in the number of children, the difficulty 
of maintaining a playgroup increases. Children of this age are usually at a stage where language and 
organisational skills are just beginning to develop [43, 44]. Thus, it is difficult for them to calmly 
face the communication challenges posed by a greater number of children, which would require 
them to communicate in a louder voice or with more intensive language to maintain a stable presence 
in the group. When there are fewer than four children, the centralised combination prevails. In 
combination with Fig. 3, this demonstrates that the average SPL increases rapidly as the number of 
children increases. The trend of the Max SPL changes in Fig. 4 is also related to the combinations. 
When the number exceeds four, the dispersal combination gradually prevails. In this combination, 
children no longer require frequent language communication, which stops the average SPL from 
increasing. When no children suddenly screamed or communicated in the field, most children were 
able to remain relatively quiet while playing. 

It is speculated that when the number of children exceeds eight, the SPL will remain relatively 
stable. This is because, according to the study of children’s behavioural combinations, it can be 
inferred that more children will lead to a larger percentage of dispersal combinations and 
communication between children will remain at a low frequency. 
3.2. Effect of children on sound sources 

As the sound level affect can be different, in this section, the effect of children is explored. As 
seen in Fig. 6, the percentage of sound sources associated with the playground changed with the 
number of children. As a whole, however, the percentage of each sound source fluctuated within a 
certain range, and there was no sudden increase or decrease. Overall, the two sources with the largest 
percentage are j-sound of children screaming and crying and k-sound of communication among 
children, while the sources with the lowest percentage are l-sound of communication among children 
and parents and m-sound of communication among parents. 
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Fig. 5 Percentage of each combination 
In terms of the sound of children beating instruments, the percentage of i-sound of children 

beating instrument remained stable with an average of 17%. The slide in the playground includes 
parts that children can tap and rotate to make a sound. In the observation, regardless of the number 
of children, they were attracted to this setting. With the increase in the number of children, there 
were some fluctuations in the percentage of i-sound of children beating instrument, which may be 
related to the increase in other sound sources.  

In terms of the sound of children screaming and crying, the average percentage of the j-sound 
of children screaming and crying is 28% (from 25% to 33%), and this fluctuated with the increase 
in the number of children. Children’s screams and cries were often associated with contests over 
amusement equipment, their heads colliding with instruments while playing, and child-to-child 
bickering, and so on. It was found that although there was a low probability of these conditions 
occurring, the proportion of this sound source continued to be high. This phenomenon may be 
related to this sound source, which can easily attract people’s attention and has a great influence on 
acoustic comfort. A detailed analysis will be conducted in section 3.3.2. 

In terms of the sound of communication between children, the percentage of k-sound of 
communication among children first increased and then decreased with the increase in the number 
of children. When there were five or six children, the percentage was the highest, at 31% or 33%. 
The analysis in section 3.1.2 demonstrates that when there are fewer children, they tend towards the 
centralised combination, which they need to maintain through language communication. However, 
as the number of children increases, more language communication is required. When there are a 
large number of children, the combination is mainly of the dispersal type, which does not require 
very much language communication to maintain. As a result, this sound source presents the changes 
illustrated in Fig. 5. 
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Fig. 6 Percentage of varied sound sources with different number of children 
In terms of the sound of communication between children and parents, the percentage of l-

sound of communication among children and parents first decreased from 20% (for two children) 
to 12% (for five children) and then increased to 17% (for seven children). In the observations, 
parents had a higher probability of communicating with children outside the playground when the 
number of children was small or large. However, the purpose of communication in these two 
situations differs. When there were few children, the communication was more likely to be a pretend 
game to enliven the atmosphere in the playground. When the number was large, the communication 
was more likely to be to maintain order in the playground. 
3.3 Effect of children’s related sound environment on acoustic comfort 

In this section, the effect of sound level and sound sources on acoustic comfort is explored, to 
determine how to control the number of children to improve the acoustic comfort in a fast-food 
restaurant. 

3.3.1. Effect of SPL on acoustic comfort. Some previous studies have pointed out that the SPL 
in a fast-food restaurant is generally no more than 80dBA [45]. However, in the present study, 
sounds of more than 80dBA were usually related to children, which may influence the evaluation 
of the acoustic comfort of diners. While with an increase to the Max SPL, the acoustic comfort was 
significantly reduced. However, due to the distribution of the Max SPL, it is difficult to judge the 
correlation between acoustic comfort and Max SPL. Therefore, in this section, the relationship 
between acoustic comfort and the duration of Max SPL exceeding 80dBA is analysed within 15 
minutes. The following paragraph uses the OVER80 to represent the Max SPL that exceeds 80dBA. 
The duration of OVER80 is taken as the basis of analysis. For example, if the OVER80 is measured 
for 47 seconds in 15 minutes, its duration is in the 30- to 60-second group. 

In Fig. 7, the regression analysis shows that there is a significant linear correlation between 
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acoustic comfort and the duration of OVER80, with R²=0.880, p<0.001. When the duration of 
OVER80 is 0, the acoustic comfort is 3.4. With the increase in duration, acoustic comfort decreases. 
When it reaches 1min 30sec, the acoustic comfort is 2.5. The average acoustic comfort decreased 
by 0.3 every 30 seconds. When the duration is between 1min 30secs and 4min, the acoustic comfort 
shows a wave. The average acoustic comfort is 2.6, with the highest acoustic comfort at 2.9 and the 
lowest at 2.2. Subsequently, the acoustic comfort demonstrated a decreasing trend with the increase 
in duration. Despite some fluctuations, it was maintained at approximately 1.6. Once the duration 
exceeded 7min, the acoustic comfort decreased to 1.2, which is close to a very uncomfortable degree. 

 
Fig. 7 Effect of duration time of the SPL exceeding 80dBA on acoustic comfort 

When the duration is less than 1min 30secs, much of OVER80 occurs in the form of a sudden 
rise (Fig. 8a). A sudden rise in the SPL can easily elicit negative emotions, such as irritability and 
shock. As a result, the acoustic comfort decreased significantly at this stage. When the cumulative 
duration is 1min 30sec–4min, OVER80 will appear more continuously (Fig. 8b). Although the 
duration increases, the sudden increase in SPL decreased. Therefore, at this stage, although the 
acoustic comfort fluctuates, the overall trend is stable. On the other hand, when the duration exceeds 
4min, OVER80 continues to appear (Fig. 8c), and the influence of the SPL on acoustic comfort 
becomes more obvious. 

Combined with Figs. 3 and 4 (section 3.1.1), the findings demonstrate that when there are fewer 
children, the Max SPL is higher, but the average SPL is lower, and the possible duration of OVER80 
is shorter. When there are more children, the opposite is true. In this case, the Max SPL is relatively 
low, but the average SPL is higher, indicating that the possible duration of OVER80 is longer. Fig. 
9 illustrates the effect of the number of children on average acoustic comfort of participants. As 
shown in Fig. 9 when the number of children was four or six, the average acoustic comfort of 
participants was maintained at about 2.6. However, when the increase in the number of children 
increased to seven or eight, the acoustic comfort decreased to between 1.7 and 1.8. 

(a) 
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(b) 

(c) 
Fig. 8 Duration of OVER80: (a) less than 1min 30sec; (b) between 1min 30sec and 4min; (c) more 

than 4min 

 
Fig. 9 Effect of the number of children on acoustic comfort 

3.3.2. Effect of sound sources on acoustic comfort. An interesting phenomenon is found by the 
statistical analysis of the most influential sound sources. Thirteen common sound sources were 
listed in the questionnaire (Table 2), but only nine of the sound sources in the item ‘Sound sources 
that have the greatest impact on you’. Four of the nine sound sources came from the restaurant, 
accounting for 23%; and five sound sources were related to the playground, accounting for 77%. 
This result demonstrates intuitively that in this space, the influence of the sound source related to 
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the playground is not negligible. There are also obvious differences in the percentages of the nine 
sound sources. As seen in Fig. 10, the largest percentage is the sound source j-child screaming and 
crying, accounting for 38%. The second-largest is the sound source k-children communicate sound, 
at 24%. The percentage of sound sources a-background music and f-customers communicating with 
each other is significantly lower than the first two items, at 10% each. The other five sound sources 
account for an average of 4%. 

 
Fig. 10 Percentage of various sound sources: a. Background music; d. sound of table and chair 
friction; e. sound of communication between staff and customers; f. sound of communication 

between customers; i. sound of children beating instruments; j. sound of children screaming and 
crying; k. sound of communication among children; l. sound of communication among children 

and parents; m. sound of communication among parents. 
Although a-background music and f-sound of communication between customers have a 

relatively large influence on people, the correlation test demonstrated that they have no significant 
correlation with acoustic comfort, at p > 0.01. Simultaneously, there is no significant correlation 
between acoustic comfort and other sound sources from the restaurant, at p > 0.01. Thus, although 
some of the sound sources from the restaurant may have some influence on acoustic comfort, they 
will not lead to a significant decrease or increase in acoustic comfort in the fast-food restaurant with 
a playground set-up. With the change in the number of children, there is no significant change in 
sound sources associated with the playground: i-sound of children beating instrument, l-sound of 
communication among children and parents, and m-sound of communication among parents. 
Meanwhile, there is no significant correlation between these sound sources and acoustic comfort (p> 
0.01). 

The analysis demonstrated that the single source j-sound of children screaming and crying or 
k-sound of communication among children has little effect on acoustic comfort, but the combination 
of the two sources has an obvious effect on acoustic comfort. This may be because each sound 
source appears more dispersed when the effects on sound comfort of these two sound sources are 
calculated separately, and the two sound sources appear more continuous after the two sources are 
combined, which has a greater impact on acoustic comfort. Therefore, the sources j-sound of 
children screaming and crying and k-sound of communication among children are combined into 
one sound source for analysis. The effect of the sources j-sound of children screaming and crying 
and k-sound of communication among children on acoustic comfort is linear, R²=0.827，p<0.05. 
As seen in Fig. 11, when the percentage of the sources j-sound of children screaming and crying 
and k-sound of communication among children is less than 20%, the acoustic comfort is 3.3. When 
the percentage is less than 30%, the acoustic comfort is 2.8. At this stage, the acoustic comfort 
decreased significantly. As the percentage of the sources j-sound of children screaming and crying 
and k-sound of communication among children increased from 30% to 60%, the acoustic comfort 
demonstrated a slowly decreasing trend. Once the percentage exceeded 60%, the acoustic comfort 
fluctuated but remained stable at approximately 2.3. 
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Fig. 11 Effect of the sources j-sound of children screaming and crying and k-sound of 

communication among children on acoustic comfort 
As observed in Fig. 6 (Section 3.2), the percentage of sources for the j-sound of children 

screaming and crying and k-sound of communication among children first increases and then 
decreases slightly with the increase in the number of children, with a percentage of 50%–59% for 
five to seven children. In combination with Fig. 11, it can be inferred that with the increase in the 
number of children, the acoustic comfort decreases gradually. This result was also consistent with 
the results in Fig. 9. 

4. CONCLUSIONS 
Based on measurements, observations, and questionnaires, this study has examined the 

influence of a children’s playground on the sound environment in a fast-food restaurant. The 
conclusions are as follows. 

First, the change in the average SPL is related to the number of children, but not linearly. As 
the number of children increases, the average SPL increases rapidly and then stabilises. A total of 
four children is the boundary point between two changing trends. When there are fewer than four 
children, the SPL increases the fastest at 2.8dBA/child; the Min SPL increases as the number of 
children increases, with the average of 1.8dBA per child; and the Max SPL also has four children as 
the boundary point. When there are fewer than four children, the Max SPL retains a higher level of 
more than 100dBA and then decreases significantly.  

Second, some typical sounds, such as the sound of communication among children, first 
increased and then decreased with the increase in the number of children, with the highest at 33%. 
While the sound of children screaming and crying fluctuated from 25% to 33% with the change in 
the number of children, the sound of children beating instruments remained stable at an average of 
17%.  

Finally, SPL and sound sources can effectively influence the sound environment in terms of 
acoustic comfort. There is a linear correlation between the variation of acoustic comfort and the 
duration of OVER80. With the increase in Max SPL, acoustic comfort reduced from 3.4 to 1.2. The 
effect on the acoustic comfort of a duration of OVER80 is divided into three stages. It begins with 
a sharp decline, then fluctuates, before gradually falling to a very uncomfortable level. With the 
increase in the number of children, acoustic comfort showed a decreasing trend, with 2.1 for three 
children and 1.6 for eight children. The change to acoustic comfort is correlated with children 
screaming and communicating. With the increased percentage of sources j-sound of children 
screaming and crying and k-sound of communication among children, acoustic comfort first 
decreases and then stabilises with the change from 3.3 to 2.3.  

The limitations of this study are, first, that it only examined a restaurant with a fixed children’s 
playground, and of the fast-food restaurant type. The maximum number of children in the 
playground was ten, and the number studied in this paper ranged between two and eight children 
aged three to six. Thus, this paper does not cover cases of more than eight children. In terms of 
gender combinations, this study examined gender combinations of three and four. A different 
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number of children and different gender combinations, and so on, may have different effects on the 
sound environment, and this will be examined in future studies. 
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