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Abstract 

Chinese college students reside primarily in four-person bedrooms and even six-person bedrooms, where 
the sound from roommates may affect their sleep. Therefore, the purpose of the present study is to 
investigate the effects of different sound sources and sound levels on sleep for college students in China. 
Based on sleep quality measurements, acoustic environment measurements, and a questionnaire survey with 
90 participants in a typical residence hall in Harbin city, China, the results are as following: First, 68.89% 
of college students experienced sleep deprivation, and indoor noise was the most influential environmental 
factor among 15 disruptors that disturbed 50% of college students. Second, the number of occupants per 
room was a significant factor affecting the background sound level of sleep, which was highest when the 
number of occupants was two, and lowest when the number was five. Third, deep sleep time and rapid eye 
movements (REM) sleep time decreased 1.7 minutes and 1.4 minutes per 1dBA (decibel with A-weight), 
with R² = .352 and .332, respectively (p < .001). In terms of the effect of sound sources on sleep, sleep was 
mostly disturbed by roommate conversation (77.42%), and noise caused by roommate sleep-related 
activities was the most common source of activities (67.74%). The present study can provide guidelines to 
help enhance the sleep quality of Chinese college students through improvements in the sound 
environment. 
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1. Introduction 

A report from China’s Ministry of Education noted that about 31.43 million students live in 
residence halls, accounting for 82% college students in China, and 80% of dorms are four-person 
or even six-person bedrooms (Ministry of Education of the People’s Republic of China, 2019). 
Sleep plays an essential role in college students’ daily life (Gawlik et al., 2019; George, 2007; 
Gregory et al., 2004; Orzeł-Gryglewska, 2010; Pilcher and Huffcutt, 1996; Zaharna and 
Guilleminault, 2010). Such a complex and unique environment inevitably brings about an impact 
on sleep for college students. First, sleep is the only other biological necessity of our bodies in 
addition to air, water, and food (Gregory et al., 2004). Sleep loss has been implicated in a variety 
of adverse health outcomes (Zaharna and Guilleminault, 2010), including cardiovascular 
abnormalities (Gawlik et al., 2019), immunological problems (Orzeł-Gryglewska, 2010), 
psychological health concerns (Pilcher and Huffcutt, 1996), and neuro-behavioural impairment 
that can lead to accidents (George, 2007). Furthermore, college years are when students gain 
critical knowledge, skills, human capital, and credentials to become successfully employed and 
contribute to society after graduation (Astin et al., 2019). Previous studies have confirmed that 
sleep-deprived students tend to learn material less efficiently, which could lead to a lower grade 
point average (GPA; Gilbert and Weaver, 2010). When sleep deprivation occurs during college 
years, it presents an obstacle to maximising individuals’ success during this critical time. 

There have been studies that have focused on sleep among college students (Hershner and 
Chervin, 2014; Lund et al., 2010; Van Dongen et al., 2003). However, some studies have reported 
high rates of insufficient sleep among college students (Gilbert and Weaver, 2010; Lund et al., 
2010). Therefore, a better understanding of the causes of sleep deficits in the college student 
population is needed. Sleep deprivation occurs for multiple reasons, some of which are 
physiological and others behavioural. Many students have inadequate sleep hygiene that, in 
conjunction with their delayed circadian rhythm, contributes to sleep deprivation (Hershner and 
Chervin, 2014). The mechanisms of some influential factors have been studied. In terms of 
substance use, alcohol use has been shown to lead to shortened sleep latency and the promotion of 
fragmented sleep in the latter half of the night (Amlander and Fuller, 2005). Caffeine, taken at 
night, has been found to increase sleep latency, reduce sleepiness, and improve the ability to 
sustain wakefulness (Walsh et al., 1990). Further, stimulants have been demonstrated to increase 
sleep latency, suppress REM sleep, and worsen sleep quality (Amlander and Fuller, 2005; 
Clegg-Kraynok et al., 2011). Frequent cell phone use at bedtime has been associated with 
difficulties falling asleep, repeated awakenings, or waking up too early (Thomée et al., 2007). 
Additionally, researches have indicated that noise is a significant sleep disturbance in college 
residential sleep environments (Lund et al., 2010; Sexton-Radek and Hartley, 2013). Such studies 
on the factors influencing sleep have rarely considered how nocturnal environmental noise might 
affect sleep among college students living in residence halls. However, the sound environments of 
school gymnasia (Maffei et al., 2009), offices (Kang et al., 2017) and classrooms (Ricciardi and 
Buratti, 2018) have been studied; therefore, more in-depth research on factors in residence halls 
that affect college students’ sleep is needed. 

Sleep has been shown to be disturbed by sound environment (Basner et al., 2010, 2011), and 
when this disturbance is severe and frequent, it can lead to significant sleep fragmentation and 
sleep deprivation, which is detrimental to physical and mental health (Basner et al., 2010). 
Nocturnal environmental noise is considered a major cause of exogenous sleep disturbance, after 
somatic problems and day tensions (Basner et al., 2011). Most previous studies focused on a 
certain kind of noise or a specific group of people and have shown that residents exposed to 
nocturnal environmental noise such as aircraft (Kwak et al., 2016), road (Pirrera et al., 2014), train 
(Smith et al., 2016), or wind turbine noises (Bakker et al., 2012) or the combination of noises (Lee 
et al., 2010) at night exceeding a certain sound level can result in sleep disturbances. The effects of 
noise on sleep among different populations, including infants (Strauch et al., 1993), children 
(Weyde et al., 2017), adults (Evandt et al., 2017), and other special populations, such as 
hospitalised patients (Park et al., 2014) and some categories of workers (Azadboni et al., 2018) 
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have been studied.  
However, relatively less research has examined how nocturnal environmental noise affects 

college students’ sleep in communal living environments that are primarily occupied by four to six 
persons. When sharing a small room, occupants are exposed to noises from various activities. 
Research that explores the effects of sound environment on sleep among college students in China 
may help identify ways to improve their sleep quality. Therefore, using a typical university 
residence hall in Harbin, China as a case site, and using subjective and objective measures, the 
present study examined four research questions. First, we addressed the question regarding sound 
environment being one of the main factors contributing to disturbed sleep in college students, and 
if it was, what is the proportion and extent of the students’ sleep disturbance? Second, we asked, 
how does the number of occupants affect the nocturnal sound environment of residence halls? 
Third, we explored how sound levels affect the sleep quality of college students. Fourth, we 
examined how sound sources affect the sleep quality of college students. 
 

2. Materials and Methods 

2.1. Case Site 

Most Chinese university dorms are multi-storey buildings with five to seven floors. Generally, 
they are planned on a campus, away from outdoor noise resulting from road traffic and industry, 
and separate units are created for men and women. In China, about 65% of college dormitories are 
four-person rooms, 16% are six-person rooms, and the remaining 19% are single rooms, double 
rooms and eight-person rooms. The living area of these units is commonly between 16 and 18 
square metres. In addition, undergraduate and graduate students are the primary groups in Chinese 
colleges, accounting for 98.8% of the nation’s college students  (Ministry of Education of the 
People’s Republic of China, 2019). 

 
Figure 1: Plan of Survey site. 

Field surveys are essential to evaluate the practical environmental settings for sleep (Stansfeld 
et al., 2000). Since noise is a common environmental hazard, it is a simpler approach to explore 
the effects of noise in everyday life rather than in laboratory experiments. Thus, field studies are 
more accurate in reflecting participants’ actual sleep patterns (Öhrström and Skanberg, 2004). 
Study locations were drawn from areas at Harbin Institute of Technology in north-eastern China. It 
has about 46000 students recruited from all over the country, which make the research results 
representative of the situation of college students nationwide (Harbin Institute of Technology, 
2019). A typical residence hall was chosen for this field survey considering that the focus of the 
study was the impact of different buildings and their surroundings. The dormitory accommodates 
1,262 students, including both undergraduate and graduate students, with similar numbers of men 
and women. Only four-person and six-person bedrooms are present with an area of 17.5 square 
metres, and the number of occupants varies from one to six. The building is seven floors high and 
adjacent to three streets, with one side facing the courtyard. As shown in Figure 1, the other sides 
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face Lian Fa Street, Hai Cheng Street and Gong Si Street, all pedestrian streets with a small 
amount of traffic. Therefore, there are various typical sound sources inside the dormitory building, 
including snoring, conversation, whispering, footsteps, and keyboard/mouse click with a little 
outdoor noise. 

Male students were living on the first to third floors, and female students were living on the 
fifth to seventh floors. The fourth floor is divided into two separate parts for women and men. As 
shown in Figure 2, bedrooms of equal size are on both sides of the corridor. The bedroom is 5 
metres long and 3.5 metres wide, and there are two dwelling modes. Students of different grades 
are distributed on every floor. The undergraduate students primarily reside in six-person bedrooms, 
which includes upper and lower bunks as shown in Figure 3(a), while the rooms for graduate 
students are primarily four-person bedrooms, and loft bed with a desk is the main mode as shown 
in Figure 3(b). Sometimes the number of people living in the bedroom was fewer than the standard 
number, due to arrangement by the university or personal reasons. Therefore, the number of 
occupants in the rooms varied from one to six. 

 
Figure 2: Floor plan of the residence hall. 

 

(a) 

 

(b) 

 
Figure 3: The plan and the section plan of bedroom: (a) the plan and the section plan of six-person 
bedroom. (b) the plan and the section plan of four-person bedroom. 
2.2. Participants 

Prior studies have indicated that 80–100 participants are enough for a questionnaire study on 
indoor noise and sleep (Ising et al., 2002; Lercher et al., 2010; Thomas et al., 2012). Therefore, 
considering the variety of gender and grade of students, the number of occupants, as well as 
different floors, 105 students in the residence hall were chosen for the present study with stratified 
sampling. They were informed of the purpose, procedures and requirements of the study through 
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an e-mail and asked to provide informed consent by e-mail reply. Of them, 93 were willing to 
participate in the survey, including three participants who did not live in the residence hall during 
the survey. Ninety valid responses were received. Such sample collection not only makes the 
sample representative, but also details of individual noise levels inside were easily collected. The 
participants were aged between 18 and 26, all of whom needed to follow the same routine used 
during the survey period, without any interference from other events, such as exams or parties. Of 
the sample 50% (n = 45) were men, and 50% (n = 45) were women. Of these, 15.6% were 
freshmen (n = 14), 15.6% were sophomores (n = 14), 17.8% were juniors (n = 16), 17.8% were 
seniors (n = 16), 17.8% were first-year graduates (n = 16), and 15.6% were second-year graduates 
(n= 14). The mean age of the sample was 21 years (SD = 1.9). This study was reviewed and 
approved by the university’s institutional review board. Written informed consent was obtained 
from all participants. As incentives for participation, participants received either a monetary 
reward or various learning materials reward. 
2.3. Subjective Measurements 

Participants were required to complete a questionnaire once to collect long-term evaluations 
that included the Pittsburgh Sleep Quality Index (PSQI), other personal characteristics, residence 
information, and subjective assessment of the nocturnal sound environment. 
2.3.1. Demographic survey  

Participants completed a brief demographic survey. This survey included questions about age, 
gender, grade level, height, weight, and the number of occupants per room. The position of the bed, 
including upper bunk beside the window, upper bunk beside the door, lower bunk beside the 
window, and lower bunk beside the door, were also recorded. 
2.3.2. Self-reported sleep quality 

The PSQI is a measure of the subjective experience of sleep that is a well-established 
psychometric assessment (Carpenter and Andrykowski, 1998) and is one of the most common 
subjective methodologies used in sleep research. It can provide an assessment of sleep quality over 
the previous 30 days. The PSQI differentiates between poor- and good-quality sleepers by 
measuring seven areas: subjective sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction over the past 
month (Buysse et al., 1989). The components of the PSQI are scored on a scale from 0 (better) to 3 
(worse); therefore, the global PSQI is a score ranging from 0-21. A global score >5 indicates a 
poor-quality sleeper, whereas a score of 5 is indicative of a good-quality sleeper (Spira et al., 2012). 
For this study, global PSQI scores were split into three categories: optimal (≤5), borderline (6–7), 
and poor (≥8) sleep quality for the purpose of achieving relatively even group sizes (Lund et al., 
2010). The internal consistency of the PSQI in this study, estimated by Cronbach’s alpha, was .76. 
According to the analysis of the responses to the question ‘During the past month, how often have 
you had trouble sleeping because you ___’ in the questionnaire, we received information on the 
degree of influence of different factors on residents’ sleep. The original PSQI only contains 
options ‘A-I’ and ‘others’. After the statistical analyses, we summarised other factors into ‘J-N’ as 
shown in Table 1.  
2.3.3. Evaluation of sound environment of sleeping 

Participants also needed to finish the designed subjective assessment of sleep 
sound-environment questionnaire for the previous 30 days after interviews, in which participants 
were required to list perceived sources of sound in the bedrooms. Sound perception and noise 
sources for disturbance of sleep were evaluated using an 11-point scale (Pirrera et al., 2014), which 
was scored from 0 to 10 in three stages—before sleep, during sleep, and after waking up. Four 
sources of noise were evaluated: outdoor noise (e.g. road traffic, construction/industry, 
wind/rain/storm/lightning, and construction equipment), noise from roommates (e.g. roommates’ 
snores, roommates’ conversation, and roommates’ whispering), other indoor noises (e.g. footsteps 
in the corridor and conversation in the corridor), and activities (e.g. activities in the next room, 
roommates’ sleep-related activity, roommates’ study and entertainment activities). In the 
evaluation of the scale of perception, 0 means completely inaudible, and 1–10 indicate just heard 
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to very significant. While assessing the impact, 0 means no influence, and 1–10 indicate slight 

influence to severe influence.   
2.4. Objective Measurements 

2.4.1. Sound-level measurements 

Nocturnal environmental noise was recorded inside each bedroom simultaneously for seven 
consecutive days from Monday to Sunday. A total of 45 rooms were measured for ambient noise 
using sound-level metres separately, which were placed at ear level of participants in bedrooms to 
record equivalent sound level (LAeq), peak sound levels (L10, 10th percentiles in dBA LAeq), 
background sound levels (L90, 90th percentiles in dBA LAeq) at the measuring point, with 
slow-style and A-weight (Park et al., 2014) since they are all related to sleep. To better describe the 
acoustic environment of our study population, we maintained the habitual sleep schedules for the 
participants as the targeted sleep period studied (Eberhardt et al., 1987). The measurement was 
carried out in winter, November 2018, for a week. First, the mean noise level value per 10-second 
epoch was recorded for 24 hours, for seven consecutive days, and then the sound level of 
individual sleep environment during sleep latency, sleep, and 15 minutes after waking up was 
calculated according to the measurement of sleep time. Additionally, many previous studies 
indicate that excessively high or low ambient temperature (Ta) may affect sleep because 
thermoregulation is strongly linked to the mechanism regulating sleep (Gilbert et al., 2004). In 
order to avoid the influence of indoor thermal environment on the experimental results, the indoor 
temperature was measured at the same time. Results from measurements showed that ambient 
temperatures of the 45 rooms ranged from 22℃ to 23℃ due to the central heating system in the 
residence hall. Prior research has indicated that a comfortable temperature in winter was close to 
this range (Lan et al., 2014). 
2.4.2. Sleep quality measurements 

The study was designed to objectively measure sleep in relation to noise exposure using 
actigraphy, which has emerged as a widely accepted tool to tracking sleep and wake behaviour 
(Ancoli-Israel et al., 2003; Sadeh, 2011). This method provided a more comprehensive evaluation 
of the potential effect that noise may have on sleep for college students. when considered together 
with the self-report. An actigraphy device worn on the wrist was given to all participants to record 
the sleep quality for a minimum of seven consecutive days. Respondents were asked to wear the 
device on their wrist during all hours of the day and night for the seven days following their survey 
(Michaud et al., 2016). The sleep monitoring technology adopted by the wristband is based on an 
electrocardiogram-based technique named cardiopulmonary coupling technology (CPC; Thomas et 
al., 2005), which can take exact measurements of sleep patterns, including timing and duration of 
sleep as well as awakenings (Sadeh, 2011). CPC has been proposed recently as an indicator of 
sleep stability and as an alternative way of characterising sleep (Thomas et al., 2005), and has been 
used in some sleep-related studies (Chen et al., 2018; Cysarz et al., 2018; Schramm et al., 2013). 
Although it cannot replace traditional polysomnography due to imperfect sensitivity and 
specificity to detect wake periods, this tool can provide reasonable estimates for assessing subjects 
objectively with minimal participant burden for more prolonged periods of time than conventional 
assessment tools (Martin and Hakim, 2011). 

The actigraphy provided key information on sleep patterns, including total sleep time, deep 
sleep time, light sleep time, REM sleep time, and the number of awakenings bouts which we used 
for further analysis. In addition, to help interpret the measured data, respondents were asked to 
complete a basic sleep log about when they went to bed each night. Then, we got the participants’ 
sleep latency each night also using the wrist data, from which we got sound levels of each 
participant before they fell asleep, during sleep, and after waking up. After the 7-day collection 
period, respondents were asked to return the completed sleep log along with the sleep watch. 
2.5. Data Analysis 

Based on the collections of sleep data and questionnaires, the software program SvanPC++ 
(version 3.3.16) was used to analyse the noise data, and the software SPSS (Feeney, 2012) was 
used to perform the analyses of the data from the survey. Spearman and Pearson correlation tests 
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were used to calculate the relationship between sound level and influencing factors, the 
relationship between data of sleep quality and influencing factors, and the relationship between 
disturbance of noise sources and sleep duration. A t-test at p < .01 and p < .05 was used to test for 
significant differences. Further, linear and nonlinear regression analyses were performed to 
examine the relationship between noise and sleep duration and between the number of occupants 
and background sound level among college students. Additionally, an analysis of variance 
(ANOVA) was used to test for significant differences in self-rated sleep quality between related 
factors. T-Tests were used to test for gender differences, and paired t-tests were used to determine 
differences between in-week and weekend behaviours.   
3. Results 

3.1. Sleep disturbance from sound environment 

Overall, college students reported chronically restricted sleep. Mean total sleep time (time 
spent actually sleeping, as opposed to being awake in bed) was 6.8 hours (SD = 1.0), bedtime was 
00:37 (SD = 45 minutes), rise time was 08:15 (SD = 55 minutes), and sleep latency was 40.5 
minutes (SD = 36.7). Table 1 shows responses to individual questions on the PSQI. For the 90 
participants who completed the PSQI in its entirety, the average score was 6.27, with a 95% 
confidence interval (5.64, 6.89). Of the participants who had poor sleep quality, 68.89% scored 
greater than 5, and 28.89% scored greater than 8, which means that 68.89% of the college students 
were poor-quality sleepers. Specifically, 71.11% of students reported lacking the enthusiasm to get 
things done at least once a week, and 62.22% reported an inability to fall asleep within 30 minutes 
at least once a week. High rates of insufficient sleep among college students were also found in 
other related studies (Gilbert and Weaver, 2010; Lund et al., 2010).  

Table 1 shows that J ‘Stress/anxiety’ was the most influential factor, which affected more than 
60% of participants’ sleep. ‘Indoor noise’ was the third biggest factor after ‘Coffee, Alcohol, 
staying up late’, because of which more than 50% of participants had trouble sleeping. Excessive 
noise was also a common reason for sleep disturbance in other studies about college students’ 
sleep measured by PSQI. For example, excessive noise was found to be one of the most common 
‘other reasons’ at a large private university in the American Midwest (Lund et al., 2010). 
Table1: Sleep quality measured by the PSQI 

Pittsburgh Sleep Quality Index Bedtime Sleep latency Rise time Total sleep time 

Mean 

SD 

12:37am.  

45min 

40.5min. 

 36.7min 

8:15 am.  

55min 

6.8hours. 

1hour 

how often have you had trouble 

sleeping because ____ 

Not during the 

past week 

Less than once a 

week 

Once or twice a 

week 

3 or more times a 

week 

A. Cannot fall asleep within 30 

min 
37.78% 42.22% 13.33% 6.67% 

B. Easy to wake up or wake up 

early at night. 
80% 13.33% 4.44% 2.22% 

C. Go to the toilet at night 90% 6.67% 2.22% 1.11% 

D. Poor breathing 87.78% 10% 2.22% 0% 

E. Cough or snoring 62.22% 26.67% 6.67% 4.44% 

F. Feeling cold 65.56% 21.11% 13.33% 0% 

G. Feeling hot 60% 20% 20% 0% 

H. Nightmare 68.89% 24.44% 4.44% 2.22% 

I. Pain/discomfort 90% 5.56% 4.44% 0% 

J. Stress/anxiety 28.89% 40% 26.67% 4.44% 

K. Coffee, Alcohol, Staying up late 35.56% 13.33% 28.89% 22.22% 
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L. Outdoor noise 73.33% 17.78% 6.67% 2.22% 

M. Indoor noise 48.89% 26.67% 11.11% 13.33% 

N. Light 82.21% 8.89% 6.67% 2.22% 

Other reasons 90% 6.67% 1.11% 2.22% 

how often have you ____ - - - - 

Taken medicine to help you sleep? 100% 0% 0% 0% 

Had trouble staying awake during 

social activities? 
17.78% 28.89% 31.11% 22.22% 

Had a problem getting the 

enthusiasm to get things done? 
28.89% 35.56% 26.67% 9% 

rate overall sleep. Very good Fairly good Fairly bad Very bad 

 8.89% 62.22% 28.89% 0% 

Global PSQI Optimal (1-5) Borderline (6-7) Poor (≥8) - 

 31.11% 40% 28.89% - 

 
In addition, the ANOVA test showed that some personal characteristics had an impact on 

self-rated sleep quality. Figure 4 shows the result of the question ‘rate overall sleep’, which 
indicated that self-rated sleep quality is not equal in different position groups and number groups, 
and higher scores mean poorer sleep, with significance level p < 0.05. Participants whose beds 
were lower bunk or near the door scored higher, which means they sleep worse. This is because 
there is more corridor noise near the door and more noise from roommate activities on the lower 
bunk. Besides, groups with greater number of occupants per room rated their sleep quality higher, 
thinking they have worse sleep. It is noticeable that none of the participants had taken medicine to 
help sleep in the students sampled, which differs from other studies (Lund et al., 2010). 

 

(a) 
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(b) 

Figure 4: Comparison of self-rated sleep quality scores among different groups: (a) Comparison of 
self-rated sleep quality scores among different bed position groups. (b) Comparison of self-rated 
sleep quality scores among different number groups. (a. upper bunk beside the window. b. lower 
bunk beside the window. c. upper bunk beside the door. d. lower bunk beside the door.) 
3.2. Effect of number of occupants on nocturnal sound environment     

Result of measurement showed that LAeq at night ranged from 21 dBA to 56 dBA in the 
sample, of which LAeq before sleep ranged from 22 dBA to 56 dBA. LAeq during sleep ranged 
from 21 dBA to 42 dBA, and LAeq after waking up ranged from 21 dBA to 50 dBA. Average 
night-time sound levels during sleep were lowest in the three stages, varying within a small range 
and highest in the stage before sleep with a large variation range. The peak sound level before 
sleep reaches a maximum of 65 dBA and an average of 41 dBA.  

As shown in Table 2, the number of occupants per room was a significant factor affecting 
sound level. Pearson correlation confirms a significant relationship between the number of 
occupants and L90, with significance level p < 0.05. There was also a correlation between the 
number of occupants and L10, the number of occupants and LAeq, with significance level p < 0.01. 
In addition, there was a moderate correlation between floor and sound level, especially during 
sleep, the higher the floor, the significantly lower the sound level. Sound levels also differed 
significantly by gender in L10 (32.3 ± 1.7 dBA, 30.6 ± 2.2 dBA) during sleep, L10 (36.9 ± 4.8 dBA, 
33.1 ± 4.2 dBA) and Leq (33.9 ± 4.2 dBA, 31.2 ± 4.2 dBA) after waking up between men and 
women with significance level p < 0.05. The average sound level of the men’s bedrooms was 
higher than that of the women’s bedrooms. 
Table2: The relationship between gender, number of occupants, floor and the sound level in each 
stage. 

** p < 0.01; * p < 0.05. 
L10. peak sound levels; L90. background sound levels; Leq. equivalent sound levels. 

 Before sleep (dB SPL) During sleep (dB SPL) After waking up (dB SPL) 

 L10 L90 Leq L10 L90 Leq L10 L90 Leq 

Gender - - - * - * * - * 

Number of 

occupants 
-0.169* -0.167** -0.174* 0.121 -0.253** 0.008 0.203** -0.441** 0.100 

Floor -0.051 -0.166* -0.007 -0.383** -0.201** -0.312** -0.157* -0.033 -0.162* 
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Figure 5 shows the relationship between the number of occupants per room and background 
night-time sound levels measured with A-weight, along with the corresponding regression curves, 
the coefficient of determination R2, with significance level p < 0.001. Different regression curves, 
including linear (R2 from .025 to .154), quadratic (R2 from .029 to .168) and cubic (R2 from .212 
to .510), were used to determine the best fit to show the relationship. The value of R2 with cubic 
regression in three stages is highest with p < .001. Thus, this cubic regression is used to explain the 
relationship between number of occupants per room and background night-time sound levels.  

 

(a) 

 

(b) 



Qi Meng, Jingwen Zhang, Jian Kang, & Yue Wu. Science of the Total Environment [ DOI:10.1016/j.scitotenv.2019.135794 

Science of the Total Environment                                                       page 11 
 

 

(c) 

Figure 5:The effect of number of occupants on the sound level in three stages: (a) The relationship 
between the number of occupants and background sound level before sleep; (b) The relationship 
between the number of occupants and background sound level during sleep; (c) The relationship 
between the number of occupants and background sound level after waking up. 

Figure 5 shows the relationship between number of occupants and background night-time 
sound levels measured with A-weight: when the number of occupants increased from one, the level 
of background sound pressure first increases, then decreases and finally increases again which has 
the same tendency with R² = 0.403 ranging from 21 to 32 dBA before sleep; 0.510 ranging from 
20 to 26 dBA during sleep; and 0.212 ranging from 25 to 30 dBA after waking up, with 
significance level p < .001. It is interesting to note that the background sound level is highest when 
the number of occupants is 2, and lowest when the number is five. The possible reasons are as 
follows. Firstly, students living together in dormitories form a small group (n ≥ 2). Group size has 
a certain impact on group stability and intimacy, and further changes the interaction behaviour 
among group members. Dyads, which consists of two people, have the strongest relationship bond 
and the membership is informal. Thus, the interaction is focused on both individuals, compared to 
one person, which increases the level of indoor noise (Simmel et al., 1950). As the group continues 
to grow in size, members lose intimacy and become formal. Their behaviour becomes more 
sensitive to the feelings of more people, reducing the active participation rate of related behaviours 
and activities (Bales, 1950; Darley and Latane, 1968), and therefore, reducing the noise of actions. 
When the number of people in a group increases to five, which is the most appropriate size for a 
small group, members get along more harmoniously and think more of others, which also reduces 
the indoor sound level. As the numbers continue to grow to six, the indoor noise level increases to 
a certain level again. Furthermore, compared to the other two stages, college students had the most 
types of activities before sleep, so the sound level varies widely. As a result, the ambient sound 
level before sleep is most affected by the number of people, and the sound level after waking up is 
least affected by the number of people.  

However, some studies have suggested that fewer occupants in one bedroom, as opposed to 
the overcrowded dormitory environment, would have an adverse influence on students’ 
psychological and social communication ability that cannot be ignored. The denser the dorm, the 
worse the residents rated their roommates (Bickman et al., 1973). A study on the improvement of 
hospital rooms indicated that patients treated in single rooms were more satisfied with their care 
than those treated in multiple-bed wards (Lawson and Phiri, 2000). Findings from Figure 5 may 
help to arrange the appropriate number of occupants, which indicate that when the number 3, the 
room with one person is the quietest, and when the number is 4, the room with five persons is the 
quietest. 
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3.3. Effect of sound level on sleep 
Table 3 provides a summary of the variables retained in the analysis for the PSQI and sleep 

time and relationship between sleep quality and influencing factors. Sound unrelated factors 
include body mass index (BMI), position of bed and day of the week, and factors related to sound 
include gender, grade, number of occupants, floor, and noise levels (L10, L90, Leq) at three stages. 
The results indicate that some factors, such as number of occupants, position of bed, day of the 
week, noise levels before sleep and noise levels during sleep were significantly correlated with 
sleep time, with significance level p < .01, while there was no significant influence on the sleep 
time by grade, BMI, and noise levels after waking up, where significance level showed p > .10. 
Table3: Relationship between sleep quality and influencing factors. 

 

Total 

Sleep 

Time 

(min) 

Deep sleep 

Time 

Light sleep 

Time 

REM 

Time 
Number of 

Awakenings 

bouts 

PSQI 

(min) (min) (min) 

Sound unrelated factors 

BMI b 0.028 -0.262 0.127 0.008 0.092 0.054 

Position of bed b -0.267** -0.242** -0.095 -0.234** 0.121 0.068 

Day of the week a 29.668** 9.33* 15.321* 4.556 0.137 - 

Sound related factors 

Gender a 1.67 12.23* 7.79 1.71 0.36 0.02 

Grade b -0.015 -0.038 -0.026 0.035 0.07 0.086 

Number of occupants b -0.511** -0.450** 0.080 -0.503** 0.222** 0.002 

Floor b 0.105 0.154* 0.007 0.105 -0.182* 0.063 

Before 

sleep 

L10 
b 0.278** -0.062 0.244** -0.299* 0.034 -0.093 

L90 
b 0.02 -0.006 0.260** -0.136 -0.066 -0.05 

Leq 
b 0.218** -0.059 0.266** -0.221* 0.028 -0.111 

During 

sleep 

L10 
b -0.133 -0.034 0.193** -0.038 -0.003 -0.071 

L90 
b -0.003 -0.382** 0.196** -0.328** 0.131 0.354* 

Leq 
b 0.025 -0.186** 0.229* -0.121* -0.04 -0.044 

After 

waking 

up 

L10 
b -0.158 -0.182 0.077 0.155 0.052 0.049 

L90 
b 0.122 0.082 0.16 -0.096 0.034 0.127 

Leq 
b -0.091 -0.149 0.099 -0.16 0.03 0.032 

** p < 0.01; * p < 0.05. 
L10. Peak sound levels; L90. Background sound levels; Leq. Equivalent sound levels. 
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a  Mean difference. 
b  Correlation coefficients. 

It is necessary to indicate that number of occupants was found to be the most significant 
factor affecting sleep time, and the more occupants, the less total sleep time (r = -.511, p < .01), 
deep sleep time (r = -.450, p < .01), REM time (r = -.503, p < .01) and the more awakenings bouts 
(r = -.222, p < .01) because of its significant effect on sound levels and other behavioural 
influences. Besides, sleep time differed significantly by day of the week (weekdays or weekends), 
with significance level p < .01. Similar results that mean bedtimes (01:44, SD = 79 minutes) were 
delayed and mean rise times (10:08, SD = 88 minutes) were extended on weekends was found in a 
survey on sleep for college students in an American Midwest college (Van Dongen et al., 2003). 
College students have longer total sleep time on weekends, mainly due to the course schedules in 
college, as they do not need to wake up to attend class and instead wake up naturally on weekends. 
Bed position was also significantly positively correlated with sleep duration, with significance 
level p < .01. Living in the lower bunk and near the door affected sleep duration, as it was affected 
by more roommate activity and corridor noise, which was consistent with results of self-rated 
sleep quality shown in Figure 4(b). 

As for the effects of sound level, previous studies have suggested that environmental noise 
causes increased arousal, decreased sleep duration, fragmented sleep, and decreased deep sleep 
and REM sleep (Clark and Stansfeld, 2007; Muzet, 2007). The relationship in Table 3 is similar to 
results from existing research, especially for deep sleep time and REM sleep time. L90 and Leq 
during sleep were negatively correlated with deep sleep time (r = -.382 and -.186, respectively, p 
< .01) and L90 during sleep was also negatively correlated with deep sleep time (r = -.328 and 
-0.186, respectively, p < .01). Moreover, light sleep time was found to be significantly positively 
correlated with sound pressure level before and during sleep, with significance level p < .01. It is 
noticeable, however, that L10 and Leq before bedtime are positively correlated with total sleep 
duration (r = .278 and .218, respectively, p < .01), which is contrary to results from existing 
research. This occurs for multiple reasons. Sleep deprivation is one of the most common causes of 
daytime sleepiness among college-aged students. Disturbed by noise before sleep, they go to bed 
late. If they get up at the usual time, they will not get enough sleep, resulting in sleepiness. Then, 
some of them will abandon other plans for the morning and continue to sleep to get adequate sleep, 
which may cause them to sleep longer without any pressure.  

Next, regression analyses were used to establish the regression curves of sleep time and noise 
levels. REM sleep has been identified as a time of learning and memory processing and has been 
considered in many related studies (Eberhardt and Akselsson, 1987; Kuroiwa et al., 2002). Deep 
sleep time is an important indicator of sleep quality as it usually occurs early in the sleep cycle and 
is less affected by total sleep time (Brunner et al., 1990; Ebb and Agnew, 1971). Therefore, we 
focused on REM sleep and deep sleep time. L90 during sleep were found to be significant factors (r 
= -.328 and -.382, respectively, p < .01). Regression curves of REM sleep time and L90, and deep 
sleep and L90 were established, as shown in Figure 7. There have been few studies on the effects of 
noise below 30 dB on sleep before, which was therefore considered an appropriate range (Basner 
and McGuire, 2018).  
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     (a) 

 

(b) 

Figure 6: The relationship between background sound level and sleep time during sleep: (a) The 
relationship between background sound level and deep sleep time; (b) The relationship between 
background sound level and REM sleep time. 

Figure 6(a) shows the relationship between deep sleep time and L90 during sleep: R² was .352, 
estimated coefficient parameter was -1.7, with significance level p < .001. The results indicate that 
deep sleep time takes a linear trend of continuous decrease as the level of sound level increases. 
When background sound level increased from 20 to 30 dBA in bedrooms in the residence hall, 
deep sleep time of college students decreased 1.7 minutes per dBA. Figure 6(b) shows the 
relationship between REM sleep time and L90. Different regression curves, including linear and 
quadratic, were used to determine the best fit to show the relationship, as measured by the value of 
the coefficient of determination R2 and statistically significant differences. The value of R2 with 
quadratic regression was .332, with significance level p < .001 and linear regression was .223, with 
significance level p < .001, which indicates that the quadratic regression is the best fit to illustrate 
the relationship that REM sleep time takes a slow downward trend as the level of sound level 
increases. Through the estimated coefficient parameter linear curve, REM sleep time may decrease 
1.4 minutes per dBA as sound level increases. 

The relationship between sleep disturbances assessed by the PSQI and sound level were also 
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analysed. However, the correlation was not significant, unlike results in extant literature (Basner 
and McGuire, 2018). Sleep environment in the residence hall is complicated, with many 
influencing factors; hence, the influence of sound level change is not very significant on the PSQI 
scores.  

On the basis of the above results, to improve the sound environment of sleep, the following 
measures can be taken. Firstly, the dorm bed mode can be adjusted to more loft beds with desks to 
reduce the influence of roommates’ activities. Secondly, the less the number of occupants in each 
dorm, the more likely they were to get sufficient sleep. Additionally, sound levels need to be 
reduced during sleep and before sleep to create a more suitable sleeping environment.  
3.4. Effect of sound sources on sleep 

In the assessment, noise sources in the sound environment of sleep in the dormitory were 
classified as indoor and outdoor noise sources, and indoor noise sources comprised dormitory and 
other areas. In addition, in order to avoid the impact of some activities, the evaluation of dormitory 
activities was added to the questionnaire. Perception of and disturbance from noise sources were 
rated for the month in three stages: before sleep, during sleep, and after waking up. 

As indicated in Table 4, the most common perceived source of noise that caused sleep 
disturbance was noise caused by conversations of other roommates (77.42%), followed by noise 
caused by the collision of objects/furniture/door (70.97%), footsteps in the bedroom (67.74%). 
Noise caused by roommates’ sleep-related activities was the most common source of activities 
(67.74%). 
Table 4: Perceived sources of noise by college students in the residence hall. 

Perceived sources of noise 
All 

(n = 90) 

Number (%) of Participants 

undisturbed sleep 

(n = 28) 

Number (%) of Participants 

disturbed sleep 

(n = 62) 

Road traffic 36.67% 35.71% 37.1% 

Construction/industry. 33.33% 25% 37.1% 

Wind/rain/storm/lightning 24.44% 14.29% 29.03% 

Construction equipment 26.67% 21.43% 29.03% 

Roommate snore 48.89% 57.14% 45.16% 

Roommate conversation 71.11% 57.14% 77.42% 

Roommate whispery 57.78% 57.14% 58.06% 

Footsteps in the bedroom 64.44% 57.14% 67.74% 

Keyboard/mouse click 52.22% 53.57% 51.61% 

Collision of 

objects/furniture/door 
66.67% 57.14% 70.97% 

Footsteps in the corridor 55.56% 50% 58.06% 

Conversation in the corridor 53.33% 46.43% 56.45% 

Activities in the next room 37.78% 42.86% 35.48% 
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Roommate sleep-related 

activity 
64.44% 50% 67.74% 

Roommate study, 

entertainment activities 
54.44% 57.14% 53.23% 

 
Figure 7 shows the perception of noise and disturbance of noise from various sound sources 

in three stages. In order to analyse the significance of disturbance from different noise sources, 
Pearson’s correlation analysis was used to calculate the relationship among disturbance of noise 
sources and sleep time simultaneously.  

  

(a) 

 

(b) 
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(c) 

Figure 7: Evaluation of noise sources in different sleep stages: (a) Evaluation of noise sources 
before sleep; (b) Evaluation of noise sources during sleep; (c) Evaluation of noise sources after 
waking up. 
** p < 0.01; * p < 0.05. 
a. Road traffic. b. Construction/industry. c. Wind/rain/storm/lightning. d. Construction equipment. 
e. Roommates snore. f. Roommates conversation. g. Roommates whispery. h. Footsteps in the 
bedroom. i. Keyboard/mouse click. j. Collision of objects/furniture/door. k. Footsteps in the 
corridor. l. Conversation in the corridor. m. Activities in the next room. n. Roommate sleep-related 
activity. o. Roommate study, entertainment activities. p. Others. 

Before sleep, noise from roommates’ conversation, and study and entertainment activities 
have a significant effect on sleep duration (r = .315 and .322 respectively, p < .01). As Figure7(a) 
shows, both perception and disturbance evaluation scores of outdoor noise are far less than indoor 
noise, especially the scores of wind/rain/storm/lightning and construction equipment, which range 
between 0.5 to 1, which means that participants can hardly hear these two kinds of noises and have 
not been influenced by them. Besides, most of indoor noises were perceived at roughly the same 
range, with the scores from 2 to 3. In addition, two types of noise are noteworthy. The effect of 
keyboard sound on the participants was much greater than the perception of the sound, with a 
difference in scores of nearly one. The effect of corridor footsteps on participants was much less 
than perceived. The results showed that participants were more sensitive to keyboard sounds and 
less sensitive to corridor footsteps in the acoustic environment before sleep. 

During sleep, noise from roommates’ snores have a significant effect on sleep duration (r 
= .35, p < .01). Participants were more sensitive to noise, and the effect scores for almost all types 
of noise were greater than the perceived evaluation scores. In particular, the rating of bedroom 
noises including roommates’ conversation, roommates’ whispers, footsteps in the bedroom, and 
keyboard/mouse click varied even more, which means participants are much more sensitive to 
them. In the meantime, the participants’ evaluation of indoor noise was generally similar, with a 
score of two. In addition, roommates’ study and entertainment activities became the major 
behavioural influence, because sleep activities reduced in this stage.  

After waking up, noise from roommates’ conversation and roommates’ sleep-related activity 
had a significant effect on sleep duration (r = .333 and .281, respectively, p < .01). Participants 
rated the perception and influence of other sounds equally, except for roommate conversation, 
roommate whispers, footsteps in the bedroom, and footsteps in the corridor. It is worth noting that 
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in the indoor noise, the perception and impact of keyboard/mouse click sound are the least 
significant, with significance level p > .05. Participants were more sensitive to roommate activities, 
especially those related to getting up, such as roommates’ conversation, roommates’ whispers, 
footsteps in the bedroom. 

The above results are analysed and interpreted as follows. In the pre-sleep stage, there are 
fewer road vehicles at night and less construction work, hence the noise level is lower. The main 
activities of the participants in this stage are preparing for sleep (or falling asleep) and staying up 
late to study and play. Sometimes there is snoring when someone is asleep, which is not common. 
At this time, the biggest impact is the study and entertainment activities of the roommates. Some 
roommates always talk to each other and some engage in computer-related activities. It can be 
seen that the noise generated by these activities has the biggest impact as shown in Figure 7(a). In 
addition, due to the poor sound insulation of the door, the corridor noise perceived by the 
participants is obvious, but the influence was relatively small, because these footsteps and 
conversations are not persistent. In the sleep stage, with roommates falling asleep, snoring became 
the main noise, and often lasted for a long time. In the stage after waking up, while most of the 
students choose to wake up earlier to study in the classroom, there were still some students 
learning in the bedroom. Other people were either sleeping or performing activities related to 
getting up, getting enough sleep. The participants who were sensitive to several kinds of sounds 
were easily woken up. In general, noise perception before sleep is the most significant, followed 
by noise heard after waking up, and the sounds perceived during sleep are slightly lower, which is 
the same as the effect analysis. Therefore, arranging uniform schedules and establishing clear 
regulations on student sleeping behaviours are needed to avoid the interference of others’ sleeping. 
Roommates should reduce some noises including conversation, keyboard/mouse clicks, and 
collision of objects/furniture/doors. Furthermore, study rooms can be set aside for some students' 
evening study and entertainment activities in the residence hall, so as not to affect other students’ 
sleep. 
4. Conclusion  

Based on the objective measurements and subjective questionnaire survey of sleep quality 
and sound environment, this study examined the different influences of factors in the sound 
environment on sleep quality. Based on our findings, several conclusions can be drawn.  

First, sound environment was the third biggest factor but the most influential environmental 
factor among 15 disruptors in PSQI affecting sleep in college students, of which about 50% of 
participants had trouble sleeping. Second, the number of occupants per room was a significant 
factor affecting background sound level of sleep, which was the highest when the number of 
occupants was two, and the lowest when the number was five. Other influential factors included 
gender and floor. Third, sound level is one of the significant influential factors on sleep quality. 
Total sleep time of college students living in Chinese residence halls was negatively correlated 
with the peak sound levels, with significance level p < .01, while deep sleep time and REM sleep 
time decreased 1.7 minutes and 1.4 minutes per dBA as background sound level increased, with 
significance level p < .001. In addition, each type of noise had different effects at each stage. The 
sound environment before sleep is the most complicated and influential, while students were the 
most sensitive to the noise during sleep. The most common perceived sources of noise disturbing 
sleep were their roommate conversations (77.42%), followed by collision of objects/furniture/door 
(67.74%), and footsteps in the bedroom (67.74%).  

The present study can help to enhance the sleep quality of Chinese college students through 
improvements in the sound environment. Firstly, the number of occupants must be adjusted to 
create a quiet sleeping environment, specifically when the number is three or less than three the 
room with one person is better, and when the number is four or more than four, rooms with five 
persons is better. Next, the dorm bed mode can be adjusted to have more loft beds with desks to 
reduce the influence of roommates' activities. Last, arranging uniform schedules and setting up 
enough study rooms for some students' evening activities in residence hall are needed to avoid the 
interference to others' sleep.  
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The limitations and questions to be further discussed of this study are as follows. First, sleep 
quality data of whole night were collected by actigraphy. But more detailed sleep data in the 
specific stages of sleep could not be provided and subtle physiological changes could not be 
detected. In future studies, polysomnography and other physiological measurements will be used 
for thorough research. Second, because of the limited functions of noise dosimeters, only the 
indoor sound level was used in this study as has been done in most studies so far. It has been 
proposed that noise exposure characteristics play also an import role and that number of events or 
the peak level of noise events should be analysed which were not available in this study (Basner et 
al., 2011). In the following study, more detailed noise characteristics such as duration and clarity 
will be considered and noise events will be recorded, which might provide some insight on the 
mechanism of noise influenced sleep for college students.   
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