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Abstract

This paper examines the subjective annoyance associated with shared-bike electronic
alert sounds (SBeASs), an emerging urban noise source. A study was conducted by
employing extensive questionnaire surveys and psychoacoustic experiments. A preliminary
survey (N = 1340) indicated that 90.6% of participants reported being impacted by SBeASs,
with pronounced effects on nighttime rest and daytime work efficiency. In this study,
SBeAS samples were taken from three prominent Chinese bike-sharing brands: Hello
Bike, Meituan Bike, and DiDi Bike. Under laboratory conditions, subjective annoyance
assessments (N = 28) for SBeASs were conducted at controlled sound pressure levels (SPLs)
ranging from 45 to 65 dBA, with occurrence frequencies of 1, 3, and 5 s. Simultaneously,
annoyance assessments were also conducted for two reference noise types: traffic noise and
street noise. The results indicated a notable increase in annoyance levels related to SBeASs
with rising SPL and increased occurrence frequency. Minor variations in annoyance were
identified among different bike-sharing brands, which can be attributed to their distinct
acoustic features. When the SPL was above 55 dBA, the DiDi Bike SBeASs produced
considerably higher annoyance than those of other brands. This can be attributed to its
elevated low-frequency energy, loudness, and roughness. Moreover, individuals exhibiting
increased sensitivity to noise reported notably higher annoyance ratings on the SBeAS
scale (p = 0.019). Under low-SPL conditions (45–55 dBA), the annoyance attributed to
frequent SBeASs can exceed that caused by traffic noise and street noise at comparable
SPLs, highlighting the distinct disruptive impact of abrupt sound sources.

Keywords: noise annoyance; shared bicycle electronic sound; questionnaire survey;
subjective evaluation; noise sensitivity

1. Introduction
Given the rapid growth of the sharing economy, shared bicycles have emerged as an

essential element of modern urban transportation systems, providing benefits in terms of
convenience and environmental sustainability [1–3]. Statistical data indicate that by the end
of 2023, China had deployed upward of 12 million shared bicycles, with services extending
to over 80% of prefecture-level cities across the nation [4,5]. Zhang et al. [6] examined the
role of soundscapes in bikeshare usage and found that micro-scale soundscape perception
outweighs visual perception in explaining cycling behavior. Nonetheless, the electronic
sounds integrated into these bicycles—such as locking/unlocking notifications and low-
battery warnings—are increasingly contributing to noise pollution in urban areas. This
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is primarily due to their abrupt onset, elevated sound pressure levels (SPLs), and high
recurrence frequency. These shared-bike electronic alert sounds (SBeASs) have become a
new source of community noise pollution, persistently disturbing residents along roadsides,
in commercial areas, and near public spaces. Frequent alerts at night, early morning, and
during rest periods not only trigger complaints but may also harm mental health and social
harmony, making this an urgent issue for urban acoustic environment governance. Field
measurements by the authors show that the instantaneous peak SPL of SBeASs can achieve
a level of 75–80 dBA when measured at a distance of 1 m from the shared bicycle. In recent
years, complaints about SBeASs have significantly increased, posing a challenge for urban
acoustic environment management.

In recent years, noise pollution has been acknowledged as the second most critical
environmental risk factor for human health and well-being, following air pollution [7,8].
Many studies have verified that extended exposure to noise can lead to physiological
impacts, including hearing damage and sleep disruptions [9,10]. It can also elevate the risk
of cardiovascular diseases via pathways involving stress hormones [11–13]. Among the
several adverse effects of noise, the extent of annoyance it induces is the most prevalent
indicator of non-auditory effects [14], and this measure also serves as a vital foundation for
setting environmental noise regulations.

In recent research, the examination of noise annoyance has broadened from its con-
ventional focus on traffic and industrial noise to include diverse areas such as construction-
related noise and disturbances within community living environments [15,16]. Research
methodologies have progressed from focusing solely on physical metrics to adopting a
comprehensive assessment framework that incorporates physical, psychological, and social
dimensions [17,18], resulting in improved scientific robustness and practical relevance
for such studies. Furthermore, exposure to noise adversely affects the quality of life of
inhabitants and notably diminishes both learning efficiency and work productivity [19,20].
Different activities, including commuting, professional tasks, and recreational pursuits,
may affect how individuals perceive noise [10]. This emphasizes the societal importance of
investigating noise annoyance.

Existing studies have demonstrated that noise annoyance is shaped by a variety of ele-
ments, such as characteristics of the sound source (e.g., type and frequency spectrum) [21],
along with exposure attributes (e.g., SPL, exposure time, and frequency of bursts) [22,23].
Previous research concerning noise annoyance has predominantly concentrated on constant
noise sources, such as traffic and industrial disturbances [15,24,25]. These studies have
applied evaluation techniques based on stable noise conditions, such as the equivalent con-
tinuous sound level (LAeq) [26] or the Zwicker psychoacoustic model [16,27]. Conversely,
research demonstrates that impulsive sounds generate greater perceived annoyance than
continuous noise, even when both have identical A-weighted levels. Psychoacoustic studies
by Rajala and Hongisto [28] revealed a pronounced relationship between sound annoy-
ance and the frequency and extent of fluctuations in sound intensity. Hongisto et al. [29]
recently compared several objective methods for assessing impulsive noise annoyance and
recommended using the difference between the 1st and 99th percentile levels for outdoor
impulsive sounds in the 45–65 dBA range. Similarly, Yadav et al. [30] examined traffic noise
annoyance at intersections and identified intermittency ratio as one of the key acoustic
factors significantly affecting annoyance, along with equivalent noise level. Park et al. [31]
identified that abrupt fluctuations in noise levels during the transit of high-speed trains
substantially raised the annoyance ratings of passengers. Zhu et al. [32] observed that the
factors of ringtone volume, frequency, and environmental context play a crucial role in
the level of subjective annoyance. At elevated sound intensities, both the absolute sound
level and the increment in sound contribute substantially to increased levels of annoy-
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ance [33–36]. In the presence of elevated ambient noise levels, the emergence of abrupt
sounds, such as horn blasts, significantly escalates annoyance levels. In an analysis by Shi
et al. [37] on airport noise attributes, the contrast between military and civilian airports
was assessed. The study highlighted that a solitary military aircraft event could produce
a noise surge reaching 160 dBA. Such a rapid escalation from tranquility to an intense
noise environment, commonplace around military airfields, results in greater disturbance
levels than continuous noise. To summarize, the degree of annoyance produced by sudden
or intermittent noise significantly contrasts with that caused by continuous noise. The
transient acoustic properties of such noise sources thus warrant specific consideration.

The correlation between transient properties (including fluctuations in sound level,
peak sound pressure amplitudes, and frequency of occurrence) and the annoyance levels
associated with intermittent electronic noise, such as SBeASs, which is known for its
abrupt, high-frequency repetitive patterns, remains largely unexplored. Moreover, noise
sensitivity emerges as a significant psychological determinant accounting for the variability
in individual responses to noise [38]. The Noise Sensitivity Scale serves as a tool for
forecasting and assessing the degree of annoyance experienced by individuals exposed to
identical noise conditions. The impact of individual variations in noise sensitivity on the
annoyance caused by transient noise deserves further attention.

In light of the stated research background and challenges, the goal of this research is
to conduct an in-depth exploration of the annoyance levels caused by SBeASs, alongside
identifying the key factors influencing these levels, utilizing questionnaire surveys and
subjective annoyance trials. First, an extensive online survey was deployed to evaluate
authentic public opinions on SBeASs and the possible disturbances it might cause. Fol-
lowing this, the SBeASs from three prominent shared bicycle brands were captured on
location for use as experimental stimuli. Subsequently, subjective annoyance ratings were
assessed in a controlled environment with participants using headphones. In order to
determine the critical factors affecting responses, the SBeAS SPLs were varied between 45
and 65 dBA, and the frequency of occurrence varied between 1, 3, and 5 s. For compara-
tive purposes, subjective assessments of annoyance were performed using reference noise
categories, specifically traffic and street noise. To explore variations in annoyance ratings
across different noise-sensitive groups, standardized scales were employed to measure
noise sensitivity among all participants during the experiment. This study explores SBeASs
as a novel source of urban noise, providing a comprehensive analysis and evaluation of the
annoyance caused by SBeASs. This work fills a research gap related to the annoyance levels
associated with this form of intermittent electronic noise. The main research questions
addressed in this paper are as follows:

1. How young adult respondents perceive SBeASs and identify the contexts in which
they report being most affected.

2. Whether SBeASs from different bike-sharing brands differ in perceived annoyance
and explore potential psychoacoustic factors underlying such differences.

3. How SPL and occurrence frequency of SBeASs affect annoyance ratings under con-
trolled laboratory conditions.

4. Whether annoyance ratings differ between individuals with high and low
noise sensitivity.

5. Whether the annoyance caused by SBeASs is on par with that caused by traffic and
street noise at the same SPLs.
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2. Materials and Methods
2.1. Questionnaire Survey

To investigate the degree of disturbance caused by SBeASs to public life and its
contributing factors, a large-scale online survey was first conducted using the Questionnaire
Star mutual-filling platform, yielding 1340 valid responses. The survey covered public
perceptions of annoyance toward SBeASs, evaluations of volume and comfort levels,
scenarios where sounds are easily heard, disruptive behaviors and time periods, specific
manifestations of annoyance, and the degree of impact. The aim of this approach was to
comprehensively understand how SBeASs affect public life. The questionnaire combined
a five-point Likert scale with multiple-choice questions to ensure comprehensive and
accurate data collection. Among the survey sample, female respondents accounted for
70.26%, the 18–35 age group comprised 89.21%, and students constituted 51.98%. This
overall sample structure reflects a respondent profile dominated by young students. The
complete questionnaire is provided in Appendix A.

2.2. Noise Sample Collection and Characterization

In the initial phase of data gathering, market research was performed on widely
accessible shared bicycle brands in China. The SBeASs were sourced from brands known
for high usage and notable market presence. As a result, three common shared bicycle
brands frequently used in everyday scenarios were chosen: Hello Bike, DiDi Bike, and
Meituan Bike [39].

The SBeASs were captured on-site with the i3DMic Pro360 binaural recording setup
(MicW Audio, Beijing, China) at a 44.1 kHz sample rate. The collection used the iDAQ2022
data acquisition card (Beijing Sound Testing Technology Co., Ltd., Beijing, China) along with
AcousticLab software (version 2024 edition, ZKXY Technology Co., Ltd., Beijing, China),
complying with the GB/T 42473-2023 noise measurement standard [40]. Experimenters
standing 1 m away from shared bicycles, with handheld data acquisition devices, terminals,
and binaural recording systems, recorded the original lock and unlock notification sounds
from the three shared bicycle brands.

Recordings were conducted in a residential area during the evening rush hour
(7:00–8:00 PM). A handheld Class 2 sound level meter (AWA5636, Aihua Instruments,
Hangzhou, China) was used to monitor ambient noise levels, which ranged from 55–65 dBA
due to traffic and pedestrian activity. Although the ambient noise level was elevated, the
SBeAS signals were clearly distinguishable from the background due to their transient
nature and higher peak levels. No additional noise reduction was applied to preserve the
original acoustic characteristics. For traffic and street noise recordings, the microphone
was positioned at a height of 1.5 m above ground, approximately 3 m from the roadside
curb. This approach guaranteed a strong signal-to-noise ratio for the recorded SBeAS signal.
Additionally, recordings of traffic and street environmental noise were taken using the
same methods and tools for comparison. Figure 1 shows the time-spectral plots for the
three SBeAS categories along with the two environmental noise types (traffic and street
noise) derived from the recordings.

As depicted in Figure 1, the acoustic profiles of the three SBeAS types differ markedly
from those of the two environmental noise types. The Hello Bike SBeAS starts with a
0.5-s pure tone spanning three frequencies (2.5, 7.5, and 12.5 kHz), followed by a 1.2-s
voice output saying “Hello.” Its main acoustic energy is concentrated below 5000 Hz
(Figure 1a). The Meituan Bike SBeAS begins with a brief pure tone concentrating energy
in the 1.5–7.5 kHz range, succeeded by the verbal announcement “Unlock successful”
(Figure 1b). DiDi Bike SBeAS features distinct low-frequency elements, with spectral peaks
between 1 and 5 kHz, and includes a short pure tone followed by the message “Welcome
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to use Qingju Bike” (Figure 1c). Traffic noise is characterized by a continuous steady state
with energy spanning the entire 0.1–4 kHz frequency range (Figure 1d). Street noise also
maintains continuous steady-state features but is scattered with random impulses, with
energy discretely distributed between 1.5 and 4 kHz (Figure 1e).

Figure 1. Spectrograms of different noise samples: (a) Hello Bike; (b) Meituan Bike; (c) DiDi Bike;
(d) Traffic noise; (e) Street noise.

Table 1 presents the psychoacoustic parameters for different noise types (including
SBeASs and traffic/street noise) at an SPL of 55 dBA. The ‘loudness’ parameter reflects
subjective perceived loudness. As shown, traffic noise and street noise exhibit significantly
higher subjective loudness than SBeASs due to their energy distribution and persistence.
Among SBeAS shared bikes, DiDi Bike exhibits relatively high loudness, while Hello Bike
is the quietest. Sound roughness also influences perceived annoyance levels [41]. Traffic
and street noise exhibit the greatest fluctuations due to complex sound sources, resulting in
the highest roughness. Among shared bike alerts, DiDi Bike has higher roughness than
Hello Bike and Meituan Bike, while Hello Bike is the smoothest. Sharpness correlates with
high-frequency energy distribution and perceived harshness to the human ear. Meituan
Bike is the sharpest due to its high proportion of high-frequency components, whereas
DiDi Bike and street noise have lower high-frequency content.

Table 1. Psycho acoustic parameters of the experimental audio at 55 dBA.

Type Loudness (Sone) Roughness (Asper) Sharpness (Acum)

Hello Bike 11.633 0.011 7.879
Meituan Bike 18.907 0.017 8.640
DiDi Bike 23.012 0.021 6.257
Traffic noise 35.815 0.032 6.575
Street noise 39.006 0.035 5.889

In addition to the psychoacoustic parameters reported in Table 1, the original recorded
SBeASs (before SPL adjustment) had peak SPLs above 75 dBA at 1 m for all three brands.
The duration of each alert sound was approximately 1.5–2.0 s, consisting of an initial pure
tone followed by a voice message.
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2.3. Experimental Design

A laptop connected to a Roland Studio-Capture sound card (Roland Corporation,
Hamamatsu, Japan) served as the audio interface in the experiment. This sound card
enabled high-precision 24-bit/192-kHz signal conversion and low-latency audio transmis-
sion. Sennheiser HD 650 open-back headphones (Sennheiser electronic GmbH & Co. KG,
Wedemark, Germany) were used for playback, calibrated beforehand to maintain output
accuracy within ±1 dBA.

The SBeAS SPLs were varied between 45 and 65 dBA. The laboratory experiment
focused on the range of 45–65 dBA because this covers typical ambient sound levels in
urban environments where SBeASs are perceived, while the higher peak levels (75–80 dBA)
occur only in close proximity to the source. SPLs above 65 dBA were not included in
the laboratory experiment because prolonged exposure to such levels may pose a risk of
auditory discomfort or hearing fatigue. The study therefore focused on the typical ambient
sound range (45–65 dBA) where SBeASs are commonly perceived in urban environments.
The experiment made use of MATLAB (version R2021b, The MathWorks, Inc., Natick,
MA, USA) to modify the SPLs of audio samples. The SBeAS samples were adjusted
to five standard SPLs: 45 dBA, 50 dBA, 55 dBA, 60 dBA, and 65 dBA. Each SPL also
allowed for three different occurrence frequencies: high-frequency (once per second),
mid-frequency (every 3 s), and low-frequency (every 5 s). This resulted in a total of
3 (brands) × 5 (SPL) × 3 (frequencies) = 45 SBeASs samples. Traffic noise and street noise
were used as consistent steady-state background sounds. These were adjusted only to
the five SPLs mentioned earlier, without occurrence frequency parameters, resulting in
five samples each. The concluding experiment included 45 SBeAS samples in addition to
five traffic noise samples and five street noise samples, totaling 55 audio samples with a
uniform duration of 10 s each. To avoid sequence effects, all samples were played in a
random sequence.

The experimental protocol and safety measures were described to participants prior
to the start of the experiment (see Figure 2 for reference). Essential demographic details
were gathered (such as gender, age, and frequency of shared bicycle use). Participants
were required to complete the Noise Sensitivity Scale by rating each item from “Strongly
Agree” to “Strongly Disagree,” ensuring correct handling of variably phrased items and
transforming scores as necessary for both forward- and reverse-scored questions. The
scores were summed to derive the overall noise sensitivity score [42]. Before commencing
evaluation, an audio clip with a minimum SPL and one with a maximum SPL were selected
at random for adaptation purposes. After the trial listening session, the formal evaluation
phase began, during which participants assessed the annoyance level of randomly played
sound samples. Subjects listened to each sample and chose an integer from 0 to 10 to
evaluate its associated noise annoyance [40]. A value of 0 indicated no annoyance, and
10 indicated extreme annoyance. After finishing one set of samples, participants had a
five-minute break before re-evaluating the audio.

Introduction to 

Experimental 

Procedures and 

Notes on 

Precautions

Wear 

Headphones

Pilot Experiment: 

Randomly Select 

Two Sounds from 

the Extremes of “45 

dBA" and “65 dBA" 

for Adaptation

Conduct Annoyance 

Degree Evaluation 

on 55 Randomly 

Played SBeS Audios

Submit 

the 

Table

five minutes 

Repeated Evaluation 

of Annoyance Degree 

for 55 Randomly 

Played SBeS Audios

Submit the 

Table and 

end

Figure 2. An experimental flowchart of the psychoacoustic testing process.
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The assessment of the full set of audio samples was restricted to 15 min. A five-
minute break followed each listening session before the measurements were repeated
for data reliability purposes. Test–retest reliability was assessed by calculating Pearson’s
correlation coefficient between each participant’s two ratings across all 55 sound samples.
For each participant, we computed the correlation between their first and second ratings.
Participants with a correlation coefficient below 0.7 were excluded as their responses were
considered inconsistent. Based on this criterion, 2 out of 28 participants were excluded
from further analysis. No sound samples were excluded [8]. Ultimately, the mean score
from both evaluations of the same audio sample was computed and used as the definitive
annoyance score for each sound sample [43].

2.4. Participants and Experimental Environment

The experiment took place in a room designed to mimic the acoustics of standard
classrooms or office settings. Lighting was kept suitable, and both the air temperature
and humidity were maintained at a comfortable level [44]. A total of 30 students initially
participated. After data collection, two participants were excluded because their test–retest
correlation coefficients (between first and second ratings across all 55 sound samples) were
below the pre-established threshold of 0.7, indicating insufficient response consistency. The
final sample thus consisted of 28 participants (18 females, 10 males) aged 18–35 from various
disciplines at Guangxi University. Participants used headphones to individually switch
between randomly sequenced audio clips, rating their annoyance level based on given codes.

2.5. Data Analysis

To confirm the validity of further statistical evaluations, this study utilized IBM SPSS
Statistics 27.0 (IBM Corp., Armonk, NY, USA) to perform reliability testing on subjective
assessment data. Cronbach’s α was calculated based on the annoyance ratings of all
28 participants across all 45 SBeAS samples (28 participants × 45 samples = 1260 ratings).
The Shapiro–Wilk test for normality was performed on the mean annoyance ratings of the
45 SBeAS samples (each sample’s rating averaged across 28 participants, n = 45). The
result (W = 0.973, d f = 45, p = 0.356) indicates that the data do not deviate significantly
from a normal distribution, justifying the use of parametric tests (ANOVA). According to
statistical standards, a p-value above 0.05 suggests that the data are normally distributed,
meeting the prerequisite for parametric tests such as analysis of variance.

An analysis of variance (ANOVA) with three factors (3 brands × 5 SPLs × 3 occurrence
frequencies, within-subjects design) was conducted to assess the main effects and inter-
actions between brand, SPL, and occurrence frequency on annoyance scores. Mauchly’s
test of sphericity was performed, and the Greenhouse-Geisser correction was applied
when the sphericity assumption was violated. To further explore the impact of individual
differences, an independent samples t-test was carried out to compare annoyance scores
between groups with high and low sensitivity.

3. Results
3.1. Questionnaire Results

Figure 3 illustrates the results obtained from analyzing 1340 questionnaires, detail-
ing the proportion of individuals troubled by SBeASs and the contexts in which these
disturbances occur. The data show that a substantial 90.6% of participants indicated they
were disturbed by SBeASs (Figure 3a). For specific disrupted activities (Figure 3b), SBe-
ASs mainly interfered with residents’ rest (61.94%), work/study efficiency (59.14%), and
mental state (58.81%). Sleep (42.06%) and relaxation (37.31%) were the most impacted
activities (Figure 3c), emphasizing how SBeASs invades private and rest times. The level
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of annoyance with SBeASs varied significantly in different settings (Figure 3d). Notably,
the highest percentages of respondents feeling “extremely annoyed” or “annoyed” were in
indoor nighttime settings (67.6% combined), followed by outdoor nighttime settings (57.3%
combined). Daytime outdoor environments had the lowest negative sentiment. This trend
is clear:“nighttime > daytime, indoor > outdoor.”

Figure 3. Survey results on the proportion of respondents troubled by SBeASs and the contexts in
which disturbances occur. (a) Proportion of respondents troubled by SBeASs; (b) Activities disrupted
by SBeASs; (c) Most impacted activities; (d) Annoyance levels in different settings (indoor/outdoor,
daytime/nighttime).

3.2. Annoyance Caused by SBeASs, Considering Different Brands, SPLs, and Occurrence Frequencies

The data shown in Figures 4–6 and the three-way repeated-measures ANOVA reported
in this section are based on the mean annoyance ratings of the 28 participants for each of
the 45 SBeAS samples (3 brands × 5 SPLs × 3 occurrence frequencies). For each sample, the
annoyance score for each participant was the average of two repeated ratings. The scores were
then averaged across participants to obtain the mean annoyance rating for each sample.

Figure 4 depicts the annoyance levels associated with three different SBeAS models at
various SPLs. This chart compiles annoyance feedback from all participants, encompassing
all possible occurrence frequencies.

Figure 4 indicates that as SPLs rise, annoyance levels for each of the three brands also
increase. DiDi Bike, in particular, shows a sharp increase at SPLs of at least 55 dBA. At
65 dBA, DiDi Bike registered a notably higher annoyance score (7.56 ± 1.68) compared to
Hello Bike (4.78 ± 1.65) and Meituan Bike (4.50 ± 1.95). At lower SPLs (45–50 dBA), the
differences in annoyance scores among the brands were minimal; however, upon reaching
55 dBA, DiDi Bike’s scores began to significantly branch off from the others.
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Figure 4. Box plots of subjective annoyance ratings for three brands of SBeASs under 45–65 dBA SPL
conditions. The box encapsulates the interquartile range (IQR, Q1–Q3), while the whiskers extend
to the data spread within 1.5 × IQR. The internal black line and white dot indicate the median and
mean, respectively. The grey diamond represents outliers.

Figure 5. Annoyance variation of Hello/Meituan/DiDi SBeASs under low/medium/high occurrence
frequencies. LF = low frequency (once per 5 s), MF = medium frequency (once per 3 s), HF = high
frequency (once per second). Asterisks indicate statistically significant differences (* p < 0.05,
** p < 0.01, *** p < 0.001).
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Figure 6. Comparison of annoyance between SBeASs at different occurrence frequencies (high/
medium/low) and traffic/street noise (S/T).

To examine how frequency of occurrence influences outcomes, Figure 5 highlights
annoyance scores at varying frequencies for different brands and SPLs. Note that, under
high-frequency conditions (1 s/occurrence), the annoyance score (6.69 ± 2.04) surpassed
those in medium-frequency (4.35 ± 1.69) and low-frequency (4.15 ± 1.74) settings. This
suggests that a greater SBeAS frequency leads to increased annoyance levels.

A three-way repeated-measures ANOVA showed significant main effects for SPL
(F(1.809, 48.840) = 137.66, p < 0.001, η2 = 0.836), occurrence frequency (F(1.247, 33.666) = 92.70,
p < 0.001, η2 = 0.774), and brand (F(1.837, 49.605) = 29.29, p < 0.001, η2 = 0.520). The
brand × SPL interaction was significant (F(4.531, 122.349) = 25.47, p < 0.001, η2 = 0.485),
while the SPL × frequency interaction was significant at the α = 0.05 level (p = 0.017). Post-
hoc tests (Bonferroni) indicated that DiDi Bike produced significantly higher annoyance
than Hello Bike and Meituan Bike (p < 0.01), with no significant difference between Hello
Bike and Meituan Bike (p = 0.127).

3.3. Comparisons with Traffic Noise and Street Noise

Figure 6 compares three SBeAS categories (DiDi Bike, Meituan Bike, Hello Bike) across
different SPLs, with street noise and traffic noise. The figure classifies each SBeAS into low-
frequency (once per 5 s), medium-frequency (once per 3 s), and high-frequency (once per
second) groups, comparing them with the two kinds of environmental noise. Note that the
subjective annoyance caused by certain high-frequency SBeASs can surpass that of traffic
and street noise when measured under low SPL conditions (45–55 dBA). Above 55 dBA,
environmental traffic/street noise scores were consistently higher than those of SBeASs.

3.4. Annoyance Differences by Noise Sensitivity

Noise sensitivity was assessed using the complete 21-item Weinstein Noise Sensitivity
Scale as specified in GB/T 42473-2023 [40] (Appendix A of the standard). Each item is
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rated on a 6-point scale from 1 (strongly disagree) to 6 (strongly agree), with reverse
scoring for negatively worded items. The total score thus ranges from 21 to 126. In the
present sample, scores ranged from 66 to 115. Participants were divided into high- and
low-sensitivity groups using a median split (median = 87): low-sensitivity (66–86, N = 14)
and high-sensitivity (87–115, N = 14).

Research has shown that personal variations significantly impact noise sensitivity [38].
Those with heightened sensitivity are more likely to experience annoyance in loud environ-
ments, potentially due to their hearing levels. An independent-samples t-test revealed a
significant difference between high- and low-sensitivity groups (t(26) = 2.51, p = 0.019),
suggesting that the classification of noise sensitivity has a moderate impact on how alert
tones are subjectively perceived. The analysis in Figure 7 shows that individuals with
high sensitivity had considerably greater annoyance scores than those with low sensitivity,
underscoring that such individuals have stronger adverse emotional reactions to SBeASs.

Figure 7. Comparison of annoyance scores across groups with differing levels of noise sensitivity,
accompanied by score distribution. * p < 0.05. The white dots represent average values.

4. Discussion
To thoroughly explore the potential effects of SBeASs on the general populace and

assess corresponding annoyance levels, an extensive online survey was conducted in
conjunction with controlled subjective annoyance experiments in a laboratory setting. The
survey findings indicate that 90.6% of all respondents (N = 1340) reported being affected by
SBeASs, with nighttime rest and daytime work efficiency being the most affected activities.
Moreover, the annoyance experiments, which were centered on three prevalent types of
SBeASs, demonstrated that the levels of annoyance caused by SBeASs are associated with
the SBeAS type, SPL, and occurrence frequency. Additionally, these effects are influenced
by the varying noise sensitivity levels of different individuals.

The survey findings show that 90.6% of respondents are troubled by SBeASs, upgrad-
ing it from a minor issue to a serious urban noise problem. Key areas affected are nighttime
rest and daytime work productivity. At night, the unpredictable nature of alerts disrupts
sleep, while during the day, frequent alerts break concentration and lower efficiency. Partic-
ipants noted “disturbing rest” and “inducing annoyance” as major negative impacts. These
sounds act not only as physical disturbances but also as psychological stressors, disrupting
expectations of quiet and leading to high annoyance, as observed in laboratory settings.

SBeAS annoyance is not dictated by a single factor but by a complex mix of acoustic
features, exposure conditions, and personal differences. The SBeAS of DiDi Bike, due to its
high loudness and roughness, is significantly more annoying at SPLs of ≥55 dBA, aligning
with the idea that “loudness is the dominant factor in noise perception” [45]. Meituan Bike’s
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higher high-frequency energy and sharp timbre also contribute to a piercing sound quality.
These findings suggest that psychoacoustic factors, beyond SPL, are key in explaining
annoyance variations among brands. Time-spectral map analysis reveals distinct acoustic
features in SBeASs (Hello Bike, Meituan Bike, and DiDi Bike) compared to environmental
noise. SBeASs have transient spectral qualities, e.g., low-frequency focus in DiDi Bike and
mid-to-high frequencies in Hello and Meituan Bikes. Conversely, traffic and street noise are
continuous signals, leading to different perceptual effects. Alert tones capture attention and
disrupt auditory scenes, causing cumulative annoyance, especially with repeated exposure.
In contrast, steady-state noise encourages auditory adaptation, supporting the findings
of Rajala and Hongisto [28], who suggested that transient sounds cause more annoyance
at the same sound levels. Previous studies have shown that low-frequency noise is more
likely to cause distress in subjects [46]. This is consistent with the research conclusion of Hu
et al. [47] on the annoyance curve of low-frequency noise. Their experiments showed that
at the same sound pressure level, the annoyance caused by low-frequency signals increased
significantly with decreasing frequency.

SPL emerges as the preeminent determinant affecting annoyance. This outcome is
consistent with traditional noise assessment theory, which asserts that the magnitude of
acoustic energy constitutes the physical foundation that defines the intensity of auditory
stimuli and is directly linked to perceived loudness [45]. It also harmonizes with results
from Liu et al. [48] concerning the influence of burst rate in pure-tone noise on annoy-
ance. Elevated SPLs were associated with significantly higher annoyance ratings in the
present study.

The frequency of occurrence significantly impacted subjective annoyance levels, high-
lighting that repeated exposure to SBeASs, which are intermittent, sudden sounds, is a
crucial contributor to cumulative annoyance. This is consistent with the findings of Park
et al. [31] on sudden train noise changes and those of Rajala and Hongisto [28] on pulsed
sounds, where unpredictability and repetition heighten annoyance. This finding supports
previous research showing that noise parameters (sound level, frequency, duration) notably
affect subjective responses [22].

Under certain conditions, SBeASs can be more annoying than environmental noise.
This study detected that at low SPLs (45–55 dBA), the subjective annoyance from frequent
SBeASs might surpass that from traffic and street noise at the same SPL. This might be
due to the transient, unpredictable, and sharp nature of the alert tones in the mid-to-high
frequency range. In quieter environments (typical residential noise levels of 40–50 dBA),
the contrast of SBeASs against the low background noise intensifies, heightening their
perception as a significant annoyance. This supports the idea that sudden noise is more
likely to cause auditory discomfort than steady-state noise [37].

Individuals highly sensitive to noise report greater annoyance than those with low
sensitivity, underscoring noise sensitivity as a significant psychological factor in subjective
auditory responses. This aligns with previous findings on environmental noise [49], indi-
cating variability in psychological reactions to noise stimuli. Thus, individual differences
are crucial when evaluating the impact of noise, alongside objective measures.

This study has effectively used transient noise, psychoacoustic assessment, and in-
dividual differences theory to explore SBeASs, a new urban noise source. The results
validate classic theories in fresh contexts. Focusing on SBeASs as a novel high-frequency
noise source, this work contributes to the study of sudden, inconsistent noise annoyance
and supports the refinement of urban soundscape and public health noise assessment
theories. Additionally, it offers practical insights for shared bicycle operators and urban
noise managers.
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This study is limited by the following factors: (1) Experiments were conducted in
a sound-controlled lab with standardized audio, not in real-world environments with
mixed sound sources and visual distractions; (2) Participants were mainly young adults
aged 18–35, excluding older individuals and those with different auditory sensitivities or
occupational exposure, which restricts generalizability; (3) The study focused on immedi-
ate noise annoyance, omitting the investigation of long-term effects or habituation from
extended exposure; (4) Furthermore, the application of research findings may be influenced
by regional development disparities (such as the prevalence and usage intensity of shared
bicycles), local policy regulations, and user group habits; (5) The psychoacoustic analysis
was limited to loudness, roughness, and sharpness; fluctuation strength and temporal
variability were not examined.

Nevertheless, the core significance of this study lies precisely in the distinctiveness of
its subject matter—shared bicycle electronic alerts, which are a rapidly proliferating and
widely complained about new urban sound source, and remain inadequately addressed
by existing noise control systems. Therefore, despite the aforementioned limitations, a
systematic assessment of this specific sound source retains urgent practical relevance,
providing indispensable scientific evidence for the formulation of relevant standards and
the optimization of governance strategies.

5. Conclusions
This study has systematically examined the impact of shared bicycle electronic sounds

(SBeASs)—a novel urban noise source—on the public’s subjective annoyance levels through
a combined questionnaire survey and a subjective annoyance experiment. The primary
findings are as follows:

• Within the surveyed sample, 90.6% of respondents reported being affected by SBeASs—
chiefly with respect to their nighttime rest and work efficiency.

• The subjective annoyance of SBeASs depends on acoustics, exposure, and individual
factors. Experiments show that SPLs and occurrence frequency are key factors; higher
SPLs and more frequent occurrences markedly increase annoyance. SBeASs vary
across brands due to differing psychoacoustic parameters. The DiDi Bike sound, with
its greater loudness and roughness, causes significantly more annoyance than other
sounds at high SPLs (≥55 dBA).

• While traffic and street noise commonly cause more annoyance than SBeASs at equiv-
alent SPL, high-frequency SBeASs—owing to their sudden and unpredictable nature—
can provoke more annoyance than continuous noise in quiet environments. This
underscores their distinct disruptive impact as abrupt sound sources.

• Individual noise sensitivity serves as a crucial psychological factor in regulating
annoyance levels, with highly sensitive individuals exhibiting significantly stronger
negative reactions to SBeASs.
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Appendix A. Questionnaire
The full text of the questionnaire used in the online survey is provided below.

Questionnaire on Annoyance Caused by Shared-Bike Electronic Alert Sounds

Dear Respondent,
We are conducting a study on the impact of shared-bike electronic alert sounds (SBe-

ASs) on the public. This questionnaire aims to collect your honest feedback on the annoy-
ance caused by SBeAS and how these sounds affect your daily life and work efficiency.
Thank you for your cooperation.

Have you ever been annoyed by shared-bike electronic alert sounds?
Q1. □ Yes □ No

Part 1. Basic Information
Q2. Your gender:
□ Male □ Female

Q3. Your age:
□ Under 18 □ 18–25 □ 26–35 □ 36–45 □ 46–55 □ 56 or above

Q4. Your occupation:
□ Student □ Employee □ Freelancer □ Retired □ Other

Part 2. Subjective Perception of SBeAS
Q5. How often do you hear SBeAS?
□ Often □ Occasionally □ Never

Q6. How do you perceive the volume of SBeAS?
□ Very low, barely audible □ Low but audible □ Moderate □ High, somewhat
harsh □ Very high, very harsh
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Q7. How do you rate the comfort of SBeAS?
□ Very uncomfortable □ Uncomfortable □ Neutral □ Comfortable
□ Very comfortable

Q8. Where do you most often hear SBeAS? (Select all that apply)
□ Residential area □ Commercial area □ Near schools □ Office area
□ Open street □ Other (please specify): __________

Q9. Which activities have been disrupted by SBeAS? (Select all that apply)
□ Socializing □ Studying/working □ Exercising □ Sleeping □Commuting
□ Leisure □ Other (please specify): __________

Part 3. Annoyance Caused by SBeAS
Q10. During which time periods do you find SBeAS most annoying? (Select all
that apply)
□ Morning (7:00–9:00) □ Noon (12:00–14:00) □ Afternoon (15:00–17:00)
□ Evening (18:00–22:00) □ Late night (after 22:00)

Q11. How does the annoyance manifest? (Select all that apply)
□ Noise pollution □ Disturbed rest □ Feeling irritated or uneasy □ Reduced
work/study efficiency □ Other

Q12. How much does SBeAS affect your daily life?
□ Very much □ Much □ Moderately □ Slightly □ Not at all

Q13. Does SBeAS affect your work efficiency or concentration?
□ Very much □ Much □ Moderately □ Slightly □ Not at all

Q14. How annoyed are you by SBeAS in the following scenarios?

(a) During the day, outdoors:
□ Very annoyed □ Annoyed □ Neutral □ Not annoyed □ Not at all
annoyed

(b) At night, outdoors:
□ Very annoyed □ Annoyed □ Neutral □ Not annoyed □ Not at all
annoyed

(c) During the day, indoors (e.g., office, classroom):
□ Very annoyed □ Annoyed □ Neutral □ Not annoyed □ Not at all
annoyed

(d) At night, indoors (e.g., bedroom):
□ Very annoyed □ Annoyed □ Neutral □ Not annoyed □ Not at all
annoyed

Part 4. Suggestions for Improvement
Q15. In which aspects could SBeAS be improved? (Select all that apply)
□ Lower volume □ Change the tone/melody □ Limit playback time/frequency
□ User control (e.g., option to turn off) □ Other (please specify): __________

Q16. Do you have any other suggestions or comments on SBeAS?
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