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Abstract: Car horns were originally installed in vehicles for safety. However, many urban areas in
several countries face noise problems related to the use of car and motorbike horns. To propose
measures to suppress the use of horns, relationships between horn use and factors including driver
awareness and behavior, traffic environment, and the transportation system should be investigated.
The present study therefore conducted surveys to grasp the current circumstances of horn use and
traffic at urban intersections in Taiwan. The relationship between horn use and the traffic volume of
standard-sized vehicles was found. According to an analysis of horn use during traffic signal cycles,
in many cases, horns were honked after entering intersections to turn left. In particular, horns were
honked when the driver waited more than 4 s for the car in front to start moving after the green
light allowing left turns was turned on. An analysis of noise levels at intersections showed that
the maximum noise level value (LAmax) could be reduced if vehicle horns were not used. Multiple
regression analysis also indicated that LAmax values increased with the frequency of horn use. The
equivalent continuous A-weighted sound pressure level (LAeq,10min) did not change with driver horn
use, and increased with the traffic volume of motorcycles.

Keywords: driver horn use; intersection; traffic volume; traffic signal; acoustic environment

1. Introduction

The effects of transportation noises such as road traffic noise (RTN), railway noise and
aircraft noise on humans have long been recognized, and the relationships between noise
exposure and human responses have been investigated [1,2]. Out of these transportation
noises, the road traffic noise generated by vehicles was one of the major sources. Many
studies have revealed that RTN induces adverse effects on human responses such as
annoyance [3–15], sleep disturbance [14–22], and other non-auditory reactions [23–27].
Of course, among the RTN, the noise of travelling vehicles is dominant, and it comprises
honking sounds as well. Several countries face noise problems caused by horn use. A report
on the RTN in urban areas of Vietnam, for example, showed frequent horn honking as
a major factor of RTN [28]. A report on the RTN at urban rotaries in India found that
heavy vehicles and their honking more significantly affected the equivalent continuous
A-weighted sound pressure level (LAeq) than other vehicle types did [29]. Another study in
India also revealed that frequent honking increased from 2 to 5 dB in LAeq [30]. According
to research on the RTN in Iran, the model estimating LAeq using factors including traffic
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flow, vehicle speed, and horn noise indicated that the honking frequency contributed to the
increasing LAeq and maximum noise level value (LAmax) [31].

The situations in which drivers should use horns are stated in the traffic regulations
of various countries. Road Traffic Act in Japan [32], for instance, states that a vehicle horn
should be used only in an emergency or in dangerous locations where there is a sign
allowing horn use, such as on a blind curve. However, there are many situations in which
a horn is used other than those mentioned above. Although this is not a serious problem in
Japan, such horn use evokes negative reactions from pedestrians and residents.

Horns were originally installed in vehicles for safety. Horn sounds are therefore
designed with high sound pressure levels to alert drivers of danger in noisy environments.
However, vehicle interior and exterior noises are quieter than they used to be when
standards stating the acoustic characteristics of horn sounds were established. Horn sounds
should therefore fulfil functions even if they have lower sound pressure levels. Concerning
the current sound pressure level of a horn sound, the Automobile Standard Harmony World
Forum in 2014 proposed regulations on the acoustic characteristics of horn sounds [33]
in which the upper limit of the sound pressure level was maintained while the lower
limit was reduced. Such a revision of the regulations will not mitigate noise problems
relating to honking because horn sounds with high sound pressure levels will still be
generated on roads. As long as the current horn system is used, in which the horn sound
is emitted outside a vehicle at a sound level loud enough to be heard by drivers inside
their vehicles, the noise problem will not be improved by the acoustic design of a horn.
Therefore, the control of horn use is supposed to be more effective to drastically improve
the noise problem of horn use. To reduce the RTN, including horn sounds in urban areas of
Indonesia, the ridesharing or car-pooling policy to reduce the number of vehicles, and the
similar policy for motorcycles and the prohibition of vehicle horn use, were examined for
actual measurement results of the RTN [34]. Through the combined application of these
programs, the maximum reduction in LAeq,10min was estimated to be 3.9 dB. The result
revealed that the prohibition of horn use was not so effective.

In controlling driver horn use, it is necessary to identify the factors affecting driver
horn use. Various intrinsic and extrinsic factors are assumed to influence driver horn use.
Driver horn use is considered an indicator of driver aggression [35]. In Scandinavia, the use
of horns is generally regarded as a manifestation of driver aggression, whereas the threshold
for horn use is lower and not necessarily regarded as such in Southern Europe [36]. Fujii
has proposed a socio-psychological model representing driver traffic behaviors [37]. In this
model, a certain traffic behavior is assumed to be caused by behavioral intention, which is
related to psychological factors such as personal norm and moral obligation. From these
studies, driver horn use can be considered one of the traffic behaviors and is influenced
by the intrinsic (psychological) factors of the driver. A study conducted in South Korea
investigated the relationship between driver awareness of their horn use and the manner
of its use [38]. It was suggested that drivers who do not normally use horns are reluctant
to use them, and that they sound a short horn when necessary to warn other drivers of
danger or for the purpose of alerting them.

Furthermore, another study conducted in Japan reported that the honking patterns
of horn use were related to location and traffic volume [39]. The results suggested that
driver horn use is influenced by extrinsic factors (i.e., situations). Based on these findings,
we assumed a similar behavioral model in which intrinsic and extrinsic factors influence
behavioral intentions and induce specific traffic behaviors, including the use of a horn. To
address the horn noise issue, a comprehensive understanding of the intrinsic and extrinsic
factors that lead drivers to use their horns is needed.

The main purposes of the present study were to find the extrinsic factors of driver
horn use, such as the behavior of other drivers and the traffic environment, and to propose
the countermeasure to reduce driver horn use. Although the actual road conditions and
situations surrounding drivers are complicated and change continuously, the relationship
between the occurrence of horn use and the traffic environment was investigated. As a
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case study, measurements and recordings of horn use and the current circumstances of
traffic were conducted at urban intersections in Taiwan [40]. We found traffic features at
intersections and relationships between the extrinsic factors, such as traffic count and traffic
signals, and driver use of horns. A microscopic analysis was then conducted to examine
the quantitative parameters of the traffic environment related to driver horn use [41]. As a
further study, this paper analyzes the effects of vehicle horn use and the traffic environment
on the acoustic environment around intersections, i.e., LAeq and LAmax at the measured point
at intersections. Furthermore, based on the results obtained, countermeasures to improve
the acoustic environment and to reduce drivers’ use of their horns will be discussed. To
approach these points, important data on the vehicular environment [40,41] are restated in
this paper.

2. Procedures
2.1. Surveyed Sites and Equipment

Measurement surveys were carried out in Taipei City, Taiwan, where we observed
frequent horn use during an onsite inspection. Motorcycles account for a high proportion
of the traffic volume in Taiwan. Similar trends have been observed in several areas of
Southeast Asian countries. In such areas, it has been regarded as being effective to create
high road transport capacity by means of personal transportation [42]. Taiwanese traffic
regulations include regulations on vehicle horn use [43]. For instance, when compared with
Japanese regulations [32], in both countries, a vehicle horn is allowed in an emergency or in
dangerous situations, such as when taking a blind corner. Additionally, it is necessary for a
driver to use the horn when overtaking another vehicle in Taiwan. Moreover, the manner
of honking is mainly limited to short honking. In particular, a horn should be honked twice
when overtaking and no more than twice in other situations.

We conducted measurement surveys at three intersections in Taipei City. The surveyed
intersections are shown in Figure 1. Intersection 1 was located southeast of Taipei main
station and was the largest intersection of the study subjects. Intersection 2 was located
near Taipei main station, with a nearby bus terminal and large taxi stop. Intersection 3 was
located north of Taipei main station and was the smallest intersection of the study subjects.
Table 1 shows the characteristics of intersections (i.e., the number of lanes in each direction).
The numbers in parentheses are the numbers of lanes available for turning left. Figure 2
displays a view of the three intersections. In Taiwan, vehicles drive on the right-hand side
of the road.
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Table 1. Characteristics of the targeted intersections.

The Number of Lanes at an Entrance (Lanes Exclusive to Left Turns)/Lanes at an Exit
North South West East

Intersection 1 5(1)/4 5(2)/4 4(2)/3 3(0)/3
Intersection 2 5(1)/4 3(1)/2 2(0)/2 2(1)/2
Intersection 3 4(1)/4 6(1)/4 3(1)/3 3(1)/3
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Traffic signal timing was analyzed at each intersection. In all three intersections, four
green light phases (from phase I to IV) were assigned to the traffic signal cycles, as shown
in Figure 2. For example, at Intersection 2, phases I to IV allowed east–west traffic flow
and right turn movements to the north (phase I), vehicle traffic from west to east and left
turn movements to the north (phase II), entry into the intersection from the north only
(phase III), and entry into the intersection from the south only (phase IV), respectively.
Table 2 represents the durations of each green light phase and traffic signal cycle at each
intersection. These durations differed depending on the day (weekday or weekend) and
time of day.
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Table 2. Durations of each green light phase and traffic signal cycle.

Green Light Duration on Weekdays (S)/on Weekends (S) Traffic Signal Cycle Duration (S)
Phase I Phase II Phase III Phase IV Weekday Weekend

Int. 1 35–45/36–45 41–46/29–37 72/41–47 42–47/30–38 200 150
Int. 2 70–75/74–84 11–15/15 43–48/40 62–69/61–71 200 200
Int. 3 15/15 65–85/45–55 70–85/50–60 30–35/25–30 200 150

At each intersection, the A-weighted sound pressure level of the RTN was measured
with a sound level meter (RION NL-52) over a 12 h period (7:00 a.m.–7:00 p.m.) on
one weekday and one weekend day. At the same time, all vehicles passing through the
intersection were recorded by two camcorders (SONY HDR-CX560V and SONY HDR-
CX370). These instruments were installed on pedestrian bridges near intersections. In
particular, the sound level meter was installed at a height of 1.5 m on a pedestrian bridge
that would be directly above the road, as seen in Figure 2.

2.2. Traffic Volume at Intersections

We analyzed the traffic volume using video data, which was recorded over 10 min
spans in every hour by the camcorders. First, we investigated whether the traffic volume
for 1 h could be estimated from the 10 min recording for each hourly time zone. The total
traffic volume in each time zone for a weekday (i.e., 12 h) was similar, with values estimated
from the traffic volume during the 10 min recordings (i.e., 10 min traffic volume × 6) (error
ratios: 0.48% to 6.23%) [40]. The 10 min traffic volume data thus approximately represent
the hourly traffic volumes. In the subsequent analysis, therefore, we employed traffic
volume data recorded over 10 min for each hourly time zone.

For the purpose of tabulation, we categorized vehicles into motorcycles, standard-
sized vehicles, and large-sized vehicles. Large-sized vehicles included buses, mixer trucks,
and other specialized vehicles. Other vehicles, such as mini-buses and light trucks, were
classified as standard-sized vehicles.

Table 3 presents the range of total traffic volumes at each intersection during the
measurement time period (10 min per h) analyzed in each measurement day. The total
traffic volumes at Intersection 2 were higher than those at other intersections.

Table 3. Range of total traffic volumes during the measurement time period analyzed in each
measurement day.

Min.–Max. (Number of Vehicles per 10 min)
Weekday Weekend

Intersection 1 1020–1648 531–1135
Intersection 2 986–1839 621–1480
Intersection 3 747–1541 263–944

2.3. Analysis of Horn Honking

From the noise data recorded by the sound level meter, the times at which drivers
used their horns were obtained using an application for data management (RION AS-60).
Data of horn honking were analyzed for the periods (10 min in each hourly time zone)
during which the traffic volume was counted.

3. Results

Figure 3 shows the total traffic volume at each measured hour in each intersection.
Table 4 presents similar results for each vehicle type in each intersection. The results
for weekdays revealed peaks in the total traffic volume representing rush hours around
8:00 in the morning and around 17:00 or 18:00 in the evening. Meanwhile, there were no
similar peaks in the total traffic volume on the weekend. The total traffic volume gradually
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increased from morning to evening. These characteristics of total traffic volume were found
at all intersections.
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Figure 3. Total traffic volume at each measured hour in each intersection.

Table 4. Temporal variation of traffic volume for each type of vehicle.

Time Zone 7 8 9 10 11 12 13 14 15 16 17 18

Int. 1

Week-day
Motorcycle 470 790 410 374 357 366 334 400 439 448 638 733
Standard 509 726 618 615 619 635 592 700 727 706 743 792

Large 97 132 139 124 121 94 94 120 116 86 103 89

Week-end
Motorcycle 235 223 283 238 252 296 287 278 286 352 416 298
Standard 224 346 508 543 589 655 599 605 574 619 646 589

Large 72 92 95 111 89 99 70 81 95 83 73 79

Int. 2

Week-day
Motorcycle 950 1498 822 777 611 600 625 700 699 846 1306 1285
Standard 194 288 328 340 360 347 383 424 443 403 359 378

Large 48 53 40 38 36 39 29 30 41 34 45 43

Week-end
Motorcycle 580 408 558 594 582 601 641 691 716 787 1033 828
Standard 119 174 220 289 278 342 344 442 438 444 408 393

Large 30 39 47 40 36 38 42 32 42 32 39 36

Int. 3

Week-day
Motorcycle 484 1062 572 432 443 382 403 505 516 531 798 964
Standard 208 420 407 371 445 425 417 475 467 453 435 485

Large 55 59 61 50 54 51 59 49 55 58 58 56

Week-end
Motorcycle 159 230 293 275 310 334 362 375 355 385 488 458
Standard 77 135 190 247 348 339 374 407 424 407 402 417

Large 27 40 39 43 48 47 45 51 57 65 54 49

Table 4 indicates that the traffic volume of motorcycles was very high during rush
hours (i.e., around 8:00 in the morning and 17:00 or 18:00 in the evening) on weekdays at
all intersections, while that on the weekend gradually increased from morning to evening.
The large number of motorcycles on weekdays appears to affect the total traffic volume.
On weekend days, the traffic volume of motorcycles gradually increased from morning
to evening. Similar results were found in the traffic volume of standard-sized vehicles on
weekend days. On weekdays, a peak in the traffic volume of standard-sized vehicles due
to the morning rush was found only at Intersection 1. At other intersections, the traffic
volume monotonously increased during the measurement period. The traffic volume of
large-sized vehicles was the lowest of all vehicle types, and there does not appear to be
much difference in traffic volume for this vehicle type between morning and afternoon.
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4. Analysis
4.1. Relationship between Traffic Volume and Horn Honking

The macroscopic analysis using the traffic counts were firstly carried out [40]. Correla-
tion analysis between the total traffic volume and the frequency of horn use was examined
at each intersection on each day of measurement. On weekdays, there was no significant
correlation at any surveyed site (Intersection 1: r = 0.16, Intersection 2: r = 0.28, and Inter-
section 3: r = 0.02). On the weekend, significant correlations were obtained at two sites
(Intersection 1: r = 0.72, p < 0.01; Intersection 2: r = 0.57, not significant; and Intersection 3:
r = 0.90, p < 0.01).

Table 5 presents the coefficient of correlation between the traffic volume of each vehicle
type and the frequency of horn use. The results show significant correlations between the
standard-sized vehicle traffic volume and the frequency of horn use on the weekend at
all intersections and on the weekday at Intersection 2. The traffic volume of motorcycles
significantly correlated with the frequency of horn use only at Intersection 3 (r = 0.90,
p < 0.01). On weekdays, however, there was no relationship other than that for standard-
sized vehicles at Intersection 2.

Table 5. Correlation coefficient between the traffic volume of each type of vehicle and the frequency
of horn use.

Types of Vehicles Weekday Weekend

Intersection 1
Motorcycle −0.08 0.53
Standard 0.54 0.72 **

Large 0.13 −0.04

Intersection 2
Motorcycle 0.13 0.38
Standard 0.65 * 0.72 **

Large −0.27 0.08

Intersection 3
Motorcycle 0.00 0.90 **
Standard 0.09 0.85 **

Large −0.22 0.70 **
*: p < 0.05, **: p < 0.01.

Figure 4 shows scatter diagrams of the total traffic volume and the frequency of horn
use during the measured 10 min in each hourly time zone, where the numbers next to data
points represent time zones from 7:00 to 19:00. The frequency of horn use approximately
increased as the total traffic volume increased at all surveyed sites. Such tendencies become
clearer when removing the data for rush hours on weekdays (i.e., 8:00 and 17:00 or 18:00),
in particular, at Intersections 1 and 3. As mentioned above, a high traffic volume during
rush hours is supposed to relate to a high volume of motorcycles. The correlation between
the total traffic volume and the frequency of horn use was analyzed using the data for
weekdays and weekends with the data for rush hours eliminated (i.e., data for 9 h on a
weekday and 12 h during the day on a weekend). Significant relationships were obtained
for Intersections 1 and 3 (Intersection 1: r = 0.71, p < 0.01; Intersection 2: r = 0.35, not
significant; and Intersection 3: r = 0.77, p < 0.01).

To investigate the effect of the characteristics of the intersections on horn use, the
relationship between the total traffic volume per lane at each intersection (i.e., the total
traffic volume during the recorded 10 min of each hourly time zone was divided by the
number of lanes entering the intersection) and the frequency of horn use was examined.
Figure 5 shows scatter diagrams for the total traffic volume per lane and the frequency
of horn use during the recorded 10 min in each hourly time zone. The result for the
total measurement time, including rush hours, is displayed in Figure 5a, while the result
obtained when removing the data for rush hours on weekdays is displayed in Figure 5b.
These figures in Figure 5 show positive relationships between the frequency of horn use
and the traffic volume per lane. Both relationships were statistically significant (Figure 5a:
r = 0.63, p < 0.01; and Figure 5b: r = 0.74, p < 0.01). However, the linear relationship of the
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result for which the data of rush hours were eliminated in Figure 5b was clearer than that
for the total measurement time.
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Figure 4. Relationship between the total traffic volume and frequency of horn use during the recorded
10 min in each time zone.
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Figure 5. Relationship between the traffic volume per lane and frequency of horn use. (a) Data of all
measurement times. (b) Data without measurements during rush hours on weekdays.

The linear relationship between the traffic volume and the frequency of horn use
would suggest that horn use should be frequent during rush hours, but in fact, horn use
was not as frequent. The results suggest that the situations in which drivers need to use
their horn are unlikely to occur during rush hours.

Furthermore, scattered data for each intersection are distributed within a certain range
of the traffic volume in Figure 5b. The results for Intersection 2 (indicated by triangles)
are distributed at large numbers of horn use and high traffic volumes. Conversely, the
results for Intersection 3 (indicated by crosses) are oppositely distributed in the figure. This
suggests that the characteristics of the intersections, such as locations in the city, connections
with roads, and the number of lanes, affect horn use.
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4.2. Horn Honking during Traffic Signal Cycles

The situations in which horn sounds were generated during the traffic signal cycle
were analyzed [41]. Table 6 shows the frequencies of horn use, which were observed during
each green light phase for all measured time periods (the total duration of each green light
phase during a 10 min × 12 h period). The horn honking was generally more frequent on
weekdays than on weekends. At Intersection 1, drivers used their horns more frequently in
phases I and II. At Intersection 2, they used horns more frequently in phases other than
phase II. At Intersection 3, horns were used more frequently in phases II and III than in
other phases.

Table 6. Frequencies of horn use during each green light phase for all measured time periods.

Phase I Phase II Phase III Phase IV

Intersection 1
Weekday 48 56 37 35
Weekend 47 39 19 28

Total 95 95 56 63

Intersection 2
Weekday 64 16 74 77
Weekend 50 26 66 131

Total 114 42 140 208

Intersection 3
Weekday 10 47 36 28
Weekend 13 29 31 16

Total 23 76 67 44

The duration of the green lights varied by phase, date of measurement, and intersection
(Table 2). Therefore, the duration of horn sounds counting was equalized to 10 min periods.
The frequency of horn use during the 10 min periods was estimated from the frequency of
horn use within 1 s span measures that were averaged in each of the four green light phases
throughout all measured time periods and measurement days (a 10 min × 12 h × 2 day
period), as shown in Figure 6. Table 7 gives the estimated frequencies of horn use. At
Intersection 1, the frequency of horn use is high in phases I and II. At Intersection 2, horn
use frequency is higher in phases other than phase I. The overall frequency of vehicle
horn use at Intersection 3 was low, but relatively high in phases I and IV compared to
other phases.

Table 7. Estimated frequency of horn use if the duration of each green light phase is 10 min.

Phase I Phase II Phase III Phase IV

Intersection 1 17 19 7 12
Intersection 2 13 25 27 25
Intersection 3 11 9 7 11

During the green light phases, where the estimated frequency of horn use was higher,
left-turn traffic was allowed, as was straight traffic, as shown in Figure 2. Video data
analysis revealed many instances where vehicles entering the intersection to make a left
turn during a green light phase began honking their horns. Therefore, we examined in
detail the causes of horn use in green light phases when left turns were possible.
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4.3. Analysis of Causes of Horn Use in Green Light Phases When Left Turns Were Possible

To explore measures to reduce horn honking, we conducted a microscopic analysis
of how drivers use their horns [41]. Video data were analyzed in detail for instances
where horns were used during signal phases allowing left turns (specifically, phase II at
Intersections 1 and 2 and phase IV at Intersection 3). First, we categorized the situations in
which vehicle horns were used into four types: (1) cutting in line, (2) slowness, (3) sudden
stops, and (4) stopping state. Situation (1) is a circumstance in which a driver of a car
who interrupted the line to make a left turn was honked at by the driver of another car.
Situation (2) refers to a circumstance where a driver of a car driving slowly was honked at
by another driver. Situation (3) is a circumstance in which a driver had to stop suddenly
because the vehicle in front of them stopped, and they used their horn. Situation (4) refers
to a circumstance in which a driver honked at another car that remained stopped at the
stop line even though he/she could turn left after the green light turned on. Table 8 shows
the number of these situations in which drivers used their horns during the above phases
of the entire measurement period. Excluding the situation where the cause of horn use
was unclear (situation (5)), horn use was frequently found in situation (4) (stopping state
situations) at each intersection.
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Table 8. The number of each situation with and without horn use in green light phases when left
turns were possible.

Types of Situations When Horns Were Used
Without
Honking(1) Cutting

In Line
(2)

Slowness
(3)

Sudden Stop
(4) Stopping
State (Delay)

(5)
Unclear

Intersection 1 10 4 3 27 55 117
Intersection 2 2 3 1 24 14 34
Intersection 3 2 6 0 6 29 95

Next, regarding situation (4), the duration from when the light turned green until the
car in front of the stop line started moving (the start delay time) was measured using video
data, and then the start delay times were compared between when a horn was used and
when a horn was not used. Intersection 1 had two lanes for left turns. Therefore, the same
analysis was performed in each lane at this intersection. Table 9 presents the mean start
delay times with and without horn use at each intersection. The mean start delay times
were over 4 s when horn use occurred, but only about 2 s when horn use did not occur.
T-test results revealed significant differences of the mean start delay times. The results
suggest that delayed departure of the vehicle in front is one of the major causes of driver
horn use at intersections.

Table 9. Mean start delay times with and without horn use.

Number of
Situations

Mean Start
Delay Time (S) p-Value

Intersection 1
With honking 27 4.6 p < 0.01

Without honking 117 2.2

Intersection 2
With honking 24 6.2 p < 0.01

Without honking 34 2.0

Intersection 3
With honking 6 4.2 p < 0.01

Without honking 95 2.1

All intersections
With honking 57 5.2 p < 0.01

Without honking 246 2.2

4.4. Noise Level in Situations with and without Honking

A previous study employed the noise prediction model to estimate the effects of
honking on the acoustic environment [44]. However, in the present study, a single-point
measurement was conducted because it was considered that such a simple measurement
would be sufficient to approximately determine the impact of horn use on the acoustic
environment near intersections (or the difference between when the horn use occurred and
when it did not occur) without using noise maps or other prediction methods.

To determine the impact of horn use on the acoustic environment around intersections,
we calculated the equivalent continuous A-weighted sound pressure level (LAeq,10min) and
the maximum noise level (LAmax) of the RTN, both with and without the use of horns,
by vehicles. Data management software (RION AS-60) was employed to calculate the
LAeq,10min and LAmax without the use of horns. The data for horn sounds were removed
from the initial data, and then both acoustic indices were recalculated. Figure 7 displays
the variations in total traffic volume and LAeq,10min during the measurement time for each
intersection and each measurement day. The similar results for LAmax are displayed in
Figure 8.
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Figure 7. Temporal variations of the total traffic volume and LAeq,10min.
Appl. Sci. 2022, 12, x FOR PEER REVIEW 13 of 17 
 

 
Figure 8. Temporal variations of the total traffic volume and LAmax. 

4.5. Relationship between Noise Level and the Traffic Environment 
To clarify the effects of vehicle horn use and traffic environment on the acoustic en-

vironment around intersections, multiple regression analysis was performed with LAeq,10min 
as the dependent variable and the honking frequencies, as well as the traffic environmen-
tal factors, such as the traffic volumes of the three vehicle types, total number of entry 
lanes, and total number of exiting lanes in each intersection, as the independent variables. 

As a result, an index of multicollinearity suggested that the variable “total number 
of entry lanes” was correlated with the other variables. Therefore, this variable was ex-
cluded from the independent variables and an analysis was conducted using five varia-
bles. Table 10 presents the obtained result. According to this table, the variable “traffic 
volume of motorcycles” was statistically significant (p < 0.001). The result reveals that 
LAeq,10min increases with the traffic volume of motorcycles. Neither the traffic count of 
standard-sized vehicles nor their horn use appears to have any effect on the acoustic en-
vironments of intersections. 

Table 10. Result of multiple regression analysis for LAeq,10min. 

Independent Variables Standardized Partial  
Regression Coefficient 

p Value 

Traffic volume of motorcycles 0.670 <0.001 
Traffic volume of standard-sized vehicles −0.095 0.518 

Traffic volume of large-sized vehicles −0.030 0.827 
Total number of exiting lanes 0.022 0.883 

Honking frequency 0.201 0.109 

75

80

85

90

95

100

0

500

1000

1500

2000

7 8 9 10 11 12 13 14 15 16 17 18

L A
m

ax
[d

B
]

N
um

be
r o

f v
eh

ic
le

s/
10

 m
in

Time zone

Traffic volume with honking without honking

Intersection 1/weekday

75

80

85

90

95

100

0

500

1000

1500

2000

7 8 9 10 11 12 13 14 15 16 17 18

L A
m

ax
[d

B
]

N
um

be
r o

f v
eh

ic
le

s/
10

 m
in

Time zone

Traffic volume with honking without honking

Intersection 1/weekend

75

80

85

90

95

100

0

500

1000

1500

2000

7 8 9 10 11 12 13 14 15 16 17 18

L A
m

ax
[d

B]

N
um

be
r o

f v
eh

ic
le

s/
10

 m
in

Time zone

Traffic volume with honking without honking

Intersection 2/weekday

75

80

85

90

95

100

0

500

1000

1500

2000

7 8 9 10 11 12 13 14 15 16 17 18

L A
m

ax
[d

B]

N
um

be
r o

f v
eh

ic
le

s/
10

 m
in

Time zone

Traffic volume with honking without honking

Intersection 2/weekend

75

80

85

90

95

100

0

500

1000

1500

2000

7 8 9 10 11 12 13 14 15 16 17 18

L A
m

ax
[d

B
]

N
um

be
r o

f v
eh

ic
le

s/
10

 m
in

Time zone

Traffic volume with honking without honking

Intersection 3/weekday

75

80

85

90

95

100

0

500

1000

1500

2000

7 8 9 10 11 12 13 14 15 16 17 18

L A
m

ax
[d

B
]

N
um

be
r o

f v
eh

ic
le

s/
10

 m
in

Time zone

Traffic volume with honking without honking

Intersection 3/weekend

Figure 8. Temporal variations of the total traffic volume and LAmax.
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Significant relationships between LAeq,10min and total traffic volume were found for all
measurements, except one weekday at Intersection 1 (Intersection 1: rweekday = −0.05, not
significant; rweekend = 0.81, p < 0.01; Intersection 2: rweekday = 0.87, p < 0.01; rweekend = 0.76,
p < 0.01; and Intersection 3: rweekday = 0.62, p < 0.05; rweekend = 0.85, p < 0.01). Although
the values of LAeq,10min when the noise level data of honking were removed were very
similar to those when such data were not removed, LAmax sometimes decreased when
the noise level data of honking were removed in situations when LAeq,10min values were
relatively low.

4.5. Relationship between Noise Level and the Traffic Environment

To clarify the effects of vehicle horn use and traffic environment on the acoustic envi-
ronment around intersections, multiple regression analysis was performed with LAeq,10min
as the dependent variable and the honking frequencies, as well as the traffic environmental
factors, such as the traffic volumes of the three vehicle types, total number of entry lanes,
and total number of exiting lanes in each intersection, as the independent variables.

As a result, an index of multicollinearity suggested that the variable “total number
of entry lanes” was correlated with the other variables. Therefore, this variable was ex-
cluded from the independent variables and an analysis was conducted using five variables.
Table 10 presents the obtained result. According to this table, the variable “traffic volume
of motorcycles” was statistically significant (p < 0.001). The result reveals that LAeq,10min
increases with the traffic volume of motorcycles. Neither the traffic count of standard-
sized vehicles nor their horn use appears to have any effect on the acoustic environments
of intersections.

Table 10. Result of multiple regression analysis for LAeq,10min.

Independent Variables Standardized Partial
Regression Coefficient p Value

Traffic volume of motorcycles 0.670 <0.001
Traffic volume of standard-sized vehicles −0.095 0.518

Traffic volume of large-sized vehicles −0.030 0.827
Total number of exiting lanes 0.022 0.883

Honking frequency 0.201 0.109

A similar analysis was conducted for LAmax. The dependent variable was LAmax and
the independent variables were the honking frequencies and the traffic environmental
factors mentioned above. As a result, because multicollinearity problems also arose in this
analysis, the variable “total number of entry lanes” was excluded. Table 11 shows that the
significant variable is the “honking frequency” only and suggests that LAmax increases with
the frequency of honking.

Table 11. Result of multiple regression analysis for LAmax.

Independent Variables Standardized Partial
Regression Coefficient p Value

Traffic volume of motorcycles 0.221 0.118
Traffic volume of standard-sized vehicles −0.303 0.144

Traffic volume of large-sized vehicles 0.301 0.117
Total number of exiting lanes 0.144 0.494

Honking frequency 0.542 0.003

5. Discussion
5.1. Relationship between the Acoustic Environment around Intersections and Horn Honking and
the Traffic Environment

The analysis of the LAeq,10min and LAmax of the RTN with and without honking at
intersections indicates that LAmax values sometimes decreased when the noise level data of
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honking were removed in situations with low LAeq,10min values. As electric cars and hybrid
vehicles become more prevalent in the future, the acoustic environment near roads will
improve, but as it is, the current horn system will prevent that improvement.

The values of LAeq,10min obtained by excluding the noise level data for horn use was
almost the same as those obtained from the original data, as shown in Figure 7. The rela-
tionship between the number of honks per minute and the increment of the RTN indicated
that LAeq did not increase when horn events occurred less than twice per minute [44]. In
the present result, the maximum numbers of honks per minute were estimated as 2.3 at
Intersection 1 and 3.3 at Intersection 2 (Figure 4). Therefore, the sound energy of honks was
not supposed to affect the LAeq,10min values.

The acoustic environment around roads should generally be influenced by traffic
volume [45]. In the surveyed sites, small motorcycles are commonly used for commuting
(Table 4). To improve the acoustic environment of the surveyed sites, it is necessary to
address the heavy motorcycle traffic.

The LAeq,10min values at Intersection 1 were lower than those at other intersections,
especially during rush hours (8:00 and 18:00); nevertheless, traffic volume was very high
(Figure 7). The measurement point at Intersection 1 was located on the pedestrian bridge
on the west side of this intersection (Figure 2). This measurement point was located on the
outside of the intersection, slightly away from the road, with many lanes in the north–south
direction, which serves as an arterial road connecting Taipei City and its suburbs. Therefore,
noise from the north–south traffic flow was not fully reflected in the noise level values. On
the other hand, the LAeq,10min values were higher at 9:00 and 17:00 than at other time zones
due to ambulance sirens. These may be the reasons why the correlation between noise level
and traffic volume was not significant (r = −0.05) only at Intersection 1 on weekday.

This analysis also confirmed that horn honking did not significantly affect the noise
levels (LAeq,10min) at the surveyed sites. However, the multiple regression analysis for
LAmax indicated that the maximum noise level increased with honking frequency. It may
suggest that the more frequent the honking is, the more likely it is to be reflected in the
maximum values of noise levels. Therefore, a reduction of deafening horn sounds should
be effective in improving the acoustic environment around intersections.

5.2. Relationship between Horn Honking Use and Traffic Volume

To investigate the factors affecting a driver’s horn use, relationships with the vehicular
environment were analyzed. Although the total traffic volume was mainly constructed with
those of motorcycles and standard-sized vehicles, correlation analysis indicates that the
frequency of horn use was related to the standard-sized vehicle traffic volume (Table 5). The
frequency of horn use, especially on the weekends, increased with the number of standard-
sized vehicles. The increase in the number of standard-sized vehicles at intersections might
create dangerous and frustrating situations that may induce drivers to use their horns.

Figure 5 shows that the frequency of horn use differs among intersections, and that the
traffic volume of Intersection 2 was higher than that of other intersections. Intersection 2 is
located near Taipei Main Station and is an important traffic hub. These characteristics may
have influenced the traffic volume and the frequency of honking.

5.3. Relationships between Driver Horn Use and Various Factors on Vehicular Environment

A detailed analysis of the situations in which horns were honked revealed that ve-
hicle horn use was more frequent during traffic signal phases allowing a left turn and
in “stopping states” situations. There were many cases where a vehicle on the stop line
did not immediately start moving after the green light was turned on to allow a left turn,
and the driver of the following vehicle then used their horn for the purpose of requesting
that the vehicle start moving. Vehicle start delay is considered to be one of the causes of
driver horn use. The significant difference in mean start delay time between when the horn
occurred and when it did not occur at a green light allowing a left turn also supported this
consideration (Table 9).
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Video data analysis revealed that drivers sometimes did not realize a green light signal
and delayed starting to move their vehicle. When the start delay time exceeded 4 s, drivers
of the following vehicles used their horns. Behavioral experiments for drivers have shown
that during rush hours and on weekends, their reaction time to horn use was 2 to 4 s
when blocked by another car after a green light [35]. If drivers’ response delays to traffic
signals could be prevented, their horn use would decrease. To achieve drivers’ immediate
responses to traffic signals, it is necessary to install traffic signals in locations where drivers
can easily see them. It may be also effective in directing the driver’s attention to the traffic
signal by displaying the time remaining before the traffic signal turns green while the
vehicle is stopped.

A previous study [41] that applied a logit model to predict the probability of driver
horn use reported that the probability significantly increased with the departure delay
time and the standard-sized vehicle traffic volume. Furthermore, it was suggested that the
probability tended to increase with a shorter green light signal duration that permitted
a left turn (p = 0.063). Traffic signal optimization would be effective for not only better
managing traffic flow [46,47], but also for reducing the use of horns.

6. Conclusions

Our measurements and recordings of horn use and current circumstances of traffic
at three intersections in Taipei city, Taiwan suggested that LAmax significantly increased
with frequency of honking, although no effect of horn honking on LAeq was found. In
terms of LAeq, driver horn use did not affect the acoustic environment at the surveyed sites.
Here, reducing the amount of small motorcycle traffic would be most effective. However,
horn sounds are audible when noise levels are relatively low. Therefore, reducing the
use of deafening horn sounds could be effective for improving the acoustic environment
around intersections.

The present study indicates the relationship between standard-sized vehicle traffic
volume and frequency of horn use. The results also suggest that the characteristics of the
intersections, such as connections with roads and number of lanes, were related to horn use.
An analysis of honking frequency during traffic signal cycles showed that honking was
more frequently observed during the green light phases allowing left turns than in other
phases. Video data analysis regarding the instances of honking during such green light
phases appeared to show that horn use was frequently found in “stopping state” situations
in which a vehicle at a stop line did not immediately start moving after a green light was
turned on to allow a left turn, inducing another driver’s horn use. In such situations, the
mean start delay times when drivers used their horns were significantly longer than those
when they did not. To prevent vehicle start delays and reduce driver horn use, measures to
direct the attention of stopped drivers to traffic signals would be necessary.

If the next-generation mobility (e.g., self-driving vehicles) is widely introduced into
society and traffic conditions improve, the current horn system may no longer be needed.
However, until such a dream is realized, the current system will be maintained. This study
is expected to provide useful information for such current situations.
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