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Drone applications are increasingly being developed for urban 

environments, and drones may soon become additional traffic 

participants in cities. Thus, drones would be a further component to 

existing traffic and yet another stimulus in urban areas. Therefore, 

it is crucial to investigate how urban air mobility (UAM) is 

perceived by the society. Will the presence of drones be tolerated by 

the general public? To address this question, a Virtual Reality (VR) 

study was conducted, which investigates how the factors flight 

height, visual density and drone noise affect the acceptance of 

passers-by in an urban scenario. Furthermore, it explored how 

people perceive the landing of an air taxi nearby. The sample of the 

study comprises 47 participants. 

The results indicate some significant effects of flight height and 

visual density on acceptance, but no effect of drone noise was 

observed. Compared to the baseline scenario without drones, the 

flight height and visual density scenarios with drones were rated 

more negative. The same applies for the air taxi scenario. After 

participating in the simulation, participants' worries about noise 

and privacy significantly decreased. More than half of the 

participants reported that their attitudes toward drones had 

changed following the simulation and tended to improve. 

Keywords—urban air mobility (UAM), drones, acceptance, 

virtual reality (VR), simulation, noise, flight height, visual density, 

air taxi 

I. MOTIVATION 

Drones have already found use in a wide range of public, 

commercial, and private sectors. They will therefore probably 

become a part of urban transportation soon. This implies that 

they will also fly over or close to people. Due to this, it is 

crucial to prevent drone flights from disturbing citizen and to 

learn more about how drone flights are perceived by the 

general public. The study presented in this paper aims to 

contribute to this by investigating how drones are perceived in 

an urban setting through a simulation experiment. 

II. THEORETICAL BACKGROUND 

There are numerous studies indicating that visual [1, 2] or 

acoustic pollution [1, 3-8] might affect drone acceptance in a 

negative way A telephone survey carried out by Eißfeldt [3], 

for example, revealed that 53% of the respondents have 

concerns about the noise caused by drones. An investigation 

of Yedavalli and Mooberry [5] came to similar conclusions, as 

in their study almost half of the of the respondents expressed 

concerns about drone noise and the number of drones visible. 

There are, however, investigations that came to different 

conclusions. Al Haddad [9] and Grossi [10] observed, that 

only very few of the respondents expressed concerns about 

visual pollution caused by drones. Grossi’s study [10] 

included field flight tests. Thus, it differs from the 

aforementioned research, which is based on surveys without 

letting the participants experience drone flights as part of the 

study. This might be an explanation for the different 

observations. According to a study conducted by Lydinia, 

Philipsen, and Ziefle [4], people who have no experiences 

with drones tend to have a lot of reservations about their use 

and a general opposition to autonomous flying drones. 

In addition to Grossi's research [10], other studies have used 

virtual simulations or field experiments to examine the 

acoustic or visual effects of drones on people. Torija, Li and 

Self [11] observed that participants feel less annoyance from 

drones when visual stimuli were presented in addition to 

acoustic ones. However, a simulation experiment carried out 

by Aalmoes and Sieben [12] revealed no significant 

differences in the perceived annoyance caused by drones 

between purely acoustic and visual-acoustic stimuli. 

According to Gwak, Han, and Lee [13], perceived annoyance 

appears to increase with drone size. Small drones are therefore 

perceived as less disruptive than larger ones. Lastly, research 

results of Hui [14] point out that the relationship between 

perceived annoyance and drone type, flight altitude and flight 

mode is complex. In general, the study found that drones at 

low altitudes are perceived as more annoying than those at 

higher altitudes. 

In the current study a virtual reality (VR) experiment was 

conducted with the purpose to investigate how different flight 

heights, different volumes of drones, in this paper named 

“visual density”, and the noise of drones affect the acceptance 

of passers-by in an urban environment. The study is an 

extension of the experiment that the German Aerospace 

Center (DLR) carried out in the City-ATM project in 2020 

[15]. The experiment in 2020 also investigated how flight 

height and visual density affect people's acceptance, but 

without including drone noises and with a smaller sample. The 

current study was conducted within the HorizonUAM project 
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[16] and additionally involves drone noise and more different 

flight heights. Moreover, it includes a scenario with an air taxi 

landing nearby to further explore how a large drone is 

perceived by people. Lastly, it will investigate, how 

experiencing drones in the simulation influence attitude and 

concerns people have with respect to drones. 

 

III. RESEARCH QUESTIONS 

This study addresses the following research questions: 

 

1. How do the factors flight height, visual density and 

the noise of drones affect the acceptance of passers-

by? 

 

2. How do passers-by accept the presence of an air taxi 

landing nearby? 

 

3. How does experiencing drone flights in the virtual 

simulation affect attitude and concerns of the 

participants related to drones? 

 

IV. METHOD 

A. Sample 

The study involved 47 individuals in total and was conducted 

in the summer of 2021. Among the participants 33 were male 

and 14 were female. The average age was 32 (SD = 12.1) 

years. The youngest participant was 18 years old and 64 was 

the oldest. 74 percent of the participants reside in a city with a 

population greater than 100,000. With a majority of 79 percent 

having either a high school diploma or a university degree, the 

sample demonstrates a fairly high level of education. 

The study's participants are generally very interested in 

technology. The average score is 8.70 (SD = 1.53) on a scale 

of 1 to 10 with 1 being the least interested in modern 

technology and 10 being the most interested. On a scale from  

1 (not at all informed) to 7 (very well informed), the mean 

value for the test subjects' perceptions of their level of 

knowledge regarding civilian drones and potential applications 

is 4.02 (SD = 1.5). (very well informed). This represents a 

mediocre level of knowledge. Before the study, the vast 

majority of the subjects (72%) had already used drones for 

either personal, professional, or both purposes. 

Online platforms like Facebook, eBay and the institute's 

website were used to find the test participants. 

B. Apparatus 

The experiment took place outside the office building of 

DLR’s Institute of Flight Guidance due to the restrictions from 

the COVID-19 pandemic that were present to that time. To 

avoid direct sunlight and precipitation, the participants and the 

leader of the study sat beneath a tent. For each presented 

scenario a participant had to wear the VR helmet-mounted 

display (HMD) and headphones to see and hear the simulated 

environment. 

For this study, we used the HTC VIVE Pro [17] as the VR-

HMD which offers a field of view of 110 degrees and uses the 

external SteamVR [18] tracking together with an inertial 

measurement unit (IMU) for positional and rotational head 

tracking. The most relevant technical specifications of this 

device are shown in Table 1. For the sound we used the 

Beyerdynamic DT880 Edition [19] over-ear headphones. 

Both, VR-HMD and headphones, were connected to the 

simulation host PC.  

TABLE 1: TECHNICAL SPECIFICATIONS OF THE HTC VIVE PRO VIRTUAL 

REALITY HEAD-MOUNTED DISPLAY 

screen resolution 1440 x 1600 pixels per eye 

display type 3.5-inch dual AMOLED  

display refresh rate 90 Hz 

field of view 110 degrees 

head tracking 
positional: SteamVR tracking 

rotational: accelerometer, gyroscope 

connections DisplayPort, USB 3.0, Bluetooth 

 

The simulation allows the user to see an urban environment 

that not only shows air vehicles but also other means of 

transportation – like pedestrians, cars and buses. As the 

displayed scenario we chose the square at the main station in 

Braunschweig, Germany. In this area, many different road 

users contribute to the traffic volume. 

To avoid the 3D modeling of the desired scenery and the 

simulation of the described traffic, we decided to record a 

360-degree video of the real environment. For the recording 

we used the Insta360 Pro 2 camera to have footage with 8K 

resolution. The technical specifications of the Insta360 Pro 2 

[20] are listed in Table 2. 

TABLE 2: TECHNICAL SPECIFICATIONS OF THE INSTA360 PRO 2 VIDEO 

CAMERA 

lenses 6x F2.4 fisheye 

photo resolution up to 7680 x 7680 px 

video resolution up to 7680 x 3840 px (8K)  

at 60 fps 

video encoding MP4, H264, H265 

battery capacity 5100 mAh 

connections Wi-Fi, Ethernet, GPS, SD card, etc. 

 

The video footage was then played back as a skybox inside the 

game engine Unity that was used to create the drone 

simulation. This way, the field of regard (FOR) of the 

simulation is as large as the real-world FOR which creates an 

immersive experience. 

Independent from the video playback, the drones were 

simulated to fly along predefined trajectories. These 

trajectories are designed to follow the course of the roads and 

cross the user’s field of view in a neutral head position. Each 

drone flies at a constant altitude with constant speed. The 
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simulation comprises five 3D models of drones and one model 

of an air taxi that are listed below: 

• Alpha 800 from Alpha Unmanned Systems 

• DeX ProX8 from DeXModels 

• Phantom 4 from DJI 

• MK Okto XL from Mikrokopter 

• PX-31 from Maritime Robotics 

• Volocopter 2X from Volocopter 

 

The air taxi performed a continuous descent from 200 meters 

and hovered above the rooftop of the central bus station that is 

located in direct vicinity of the main station in Braunschweig. 

In order to avoid to influence the participants' responses in any 

way, the company logo of Volocopter was eliminated from the 

3D model of the air taxi. 

For the sound simulation we used audio footage from drone 

noise measurements the German Aerospace Center (DLR) 

conducted together with the German Environment Agency 

(UBA) [21]. All drones used the same audio clip. The sound 

played by the air taxi is an audio clip extracted from a video of 

a Volocopter flight demonstration [22]. As a sound model we 

used the built-in sound system of Unity that adjusts the 

volume based on distance and direction. 

 

 
Figure 1. Visual density scenario with drones flying on all of the four 

trajectories. 

 
Figure 2. Air taxi landing scenario. 

 

C. Scenarios 

The study used a within-subject design and the factors flight 

height, visual density and drone noise as independent 

variables. It comprised five different manifestations (10 m, 15 

m, 20 m, 50 m, 100 m) of the factor flight height, three of the 

factor visual density and one additional scenario showing an 

air taxi landing (cf. Figure 4). In the flight height scenario 

drones were only flying on trajectory 2 (cf. Figure 3) in the 

different heights. Visual density was varied by the number of 

trajectories drones were flying on. In the first manifestation of 

this factor, drones flew on two trajectories, in the second on 

three and in the third manifestation on all of the four 

trajectories (cf. Figure 3). The drones had a flight speed of 10 

m/s and a separation of 100 m on each trajectory. On 

trajectory 1 and 2 drones were flying at 20 m and 10 m on 

trajectory 3 and 4. 

 
Figure 3. Real location of the central station scenario, which was simulated in 
the study, on OpenStreetMap. The manikin indicates the viewpoint of the 

participants. The numbered lines on the roads (1-4) are the four trajectories, 

drones were flying on in the simulation. The blue star shows the landing spot 
of the air taxi. 

 

All the scenarios, except the air taxi scenario, were presented 

to the participants once with drone noises and once without 

noises. The air taxi scenario was presented with noise. The 

flight height and visual density scenarios had a duration of one 

minute each and their order was randomized. The air taxi 

scenario lasted two minutes and was shown as the last 

scenario. Furthermore, a baseline scenario was shown in the 

beginning of the simulation, which did not involve drones, but 

only the urban scenario. In total the study comprised 18 

scenarios. 
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Figure 4. Scenarios of the simulation experiment including, flight height, 
visual density, noise and an air taxi scenario. 

D. Questionnaires 

Pre- and post-simulation questions: 

To address the question, how the drone experience in the 

simulations affects attitude and concerns of the participants, 

attitude and concerns were asked for before and after the 

simulation experiment. The items were derived from the 

telephone survey the DLR conducted together with Infas in 

2018 [3]. In contrast to the survey in 2018, in this study the 

attitude on drones and concerns related to them were rated on 

a 7-point-scale (attitude: 1 = very negative, 7 = very positive; 

concerns: 1 = not concerned at all, 7 = very concerned). To 

assess attitudes after the simulation a 5-point-scale was used 

(1 = much more negative, 2 = rather more negative, 3 = rather 

the same, 4 = rather more positive, 5 = much more positive). 

The concerns regarding drones asked for in the study involve 

criminal actions, violation of privacy, uncertainties regarding 

liability and insurance, damages due to accidents, 

endangerment of traffic safety, endangerment of animals and 

noise. 

 

Technical Acceptance Questionnaire: 

In order to asses the acceptance of drone flights in the 

different scenarios of the simulation, eight items were 

answered by the participants after each scenario. Three items 

(feeling comfortable, feeling disturbed, feeling observed) were 

used from the Technical Acceptance Questionnaire (TAM) 

adapted to video surveillance by Krempel (TAM-VIS) [23]. 

Two other items were derived from the TAM 3 related to 

computer anxiety (CANX) [24]. Three further items have been 

added by the researchers. Two of them relate to privacy and 

safety, because previous research identified these aspects as 

main concerns people have about drones [1, 3, 5-7, 9, 10, 25-

31]. The last item asked, whether participants perceived the 

events in the situation as unpredictable. For the air taxi 

scenario, a ninth item referring to the perception of the air 

taxi’s noise was included. 

Each item was worded in a way that accurately captured how 

participants felt about it in the different scenarios. The items 

were answered on a 7-point-scale (1 = totally disagree, 7 = 

totally agree). Additionally, in order to check if drones in the 

scenarios were recognized, participants were asked to state 

whether they had seen and heard the drones before responding 

to the items. 

E. Procedure 

The study was held outside under a garden pavilion because of 

the COVID-19 pandemic. The participants sat at a table 

beneath the pavilion throughout the experiment. Each 

participant completed a questionnaire at the start of the study 

that captured various aspects of their attitudes toward civil 

drones. Questions about the acceptability of various drone 

uses, flights in various city types and areas, and the desired 

minimum flight height that drones should maintain were 

addressed in the questionnaire. After that, the 18 simulated 

scenarios were presented to the participants. Each scenario 

lasted one minute, except the air taxi scenario, which had a 

duration of 2 minutes. The order of the flight height and visual 

density scenarios was randomized. The baseline scenario was 

always presented in the beginning of the experiment and the 

air taxi scenario in the end. 

Following the simulation, the test participants completed a 

final questionnaire in which aspects from the first 

questionnaire were recorded again in order to determine how 

much their attitudes toward drones had changed as a result of 

the simulation. In addition, demographic information such as 

age, gender, education, and income were gathered. 

F. Analysis 

In order to analyze whether there the manifestations of the 

factors flight height and visual density significantly differ 

from each other and to compare scenarios with and without 

drone noise, a two-way ANOVA with repeated measures was 

conducted for both flight height and visual density. Paired t-

tests were performed using the mean values of all flight height 

and visual density scenarios to look for statistically significant 

differences between the baseline scenario and the flight height 

and visual density scenarios. The air taxis scenario was 

compared with the baseline scenario using a paired t-test, as 

well. 

For comparing participant’s attitude on drones before and after 

the simulation, frequencies were calculated in percent. In 

order to compare the responses related to concerns about 

drones a paired t-test was carried out. 

For the analyses a significance level of α = 0.05 was set. 

 

V. RESULTS 

A. Recognition of drones 

In each scenario, the subjects answered yes to the question of 

whether they saw the flying drones in the simulation by a 

large majority (more than 91 percent). However, responses to 

the question of whether drones could be heard were mixed. In 

the scenarios involving flight height and visual density, the 

majority of the test subjects (ranging from 61 to 81 percent, 

depending on the scenario) consistently stated that they had 

not heard any drones. Only in the first visual density scenario, 

in which drones were flying on two trajectories including their 

noise, half of the participants stated they could hear the 
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drones. In the air taxi scenario, the flying taxi was heard over 

95% of the time (cf. Table 3). 

TABLE 3: RESPONSES OF WHETHER PARTICIPANTS HAVE SEEN AND HEARD 

DRONES IN THE SCENARIOS GIVEN IN PERCENT 

 seen drone heard drone 

yes no yes no 

baseline  4.3 95.7 2.1 97.9 

 
 

 

flight 
height 

10 m (noise) 100 0 25.5 74.5 
15 m (noise) 100 0 25.5 74.5 

20 m (noise) 100 0 23.4 76.6 

50 m (noise) 97.9 2.1 25.5 74.5 
100 m (noise) 91.5 8.5 19.1 80.9 

10 m 100 0 29.8 70.2 

15 m 100 0 27.7 72.3 
20 m 100 0 21.3 78.7 

50 m 100 0 23.4 76.6 

100 m 97.9 2.1 21.3 78.7 

 
 

visual 

density 

2 traj. (noise) 97.9 2.1 51.1 48.9 
3 traj. (noise) 97.9 2.1 29.8 70.2 

4 traj. (noise) 97.9 2.1 38.3 61.7 

2 traj. 100 0 31.9 68.1 
3 traj. 100 0 29.8 70.2 

4 traj. 100 0 38.3 61.7 

air taxi  100 0 95.7 4.3 

 

B. Flight height 

It was determined whether the different flight heights and the 

presence of drone noises have a significant impact on the eight 

acceptance items using a two-way ANOVA with repeated 

measures. 

The findings show that flight height has a significant effect on 

feeling comfortable, nervous and having the feeling the events 

in the scenario seem to be unpredictable (cf. Figure 5). 

Pairwise comparisons reveal, that regarding feeling 

comfortable responses significantly differ between 10 m (M = 

5.80, SEM = 0.18) and 50 m (M = 6.23, SEM = 0.12), p =.021, 

with respect to feeling nervous between 10 m (M = 1.97, SEM 

= 0.17) and 15 m (M = 1.55, SEM = 0.11), p =.013 and 

between 10 m (M = 2.10, SEM = 0.19) and 20 m (M = 1.71, 

SEM = 0.17), p = .002 related to the question, whether events 

seemed unpredictable. In all cases the responses are more 

positive the higher drones were flying. 

There are no significant differences in flight noise between the 

scenarios with and without drone sounds. 

 

To analyze if the flight height scenarios significantly differ 

from the baseline measurement, a paired t-test was used. 

Because drone noise has no significant effect in the ANOVA, 

mean values for the eight items from all flight height scenarios 

with and without noise were calculated. The t-test is based on 

these variables. The results show that the mean values 

significantly differ in six of the items compared to the baseline 

(cf. Table 4). Only the items asking for feeling safe and 

whether the events in the scenario seemed unpredictable did 

not turn significant. The baseline scenario's responses are 

rated more positively in contrast to the flight heights 

scenarios. 

 

TABLE 4: RESULTS OF THE T-TEST COMPARING BETWEEN FLIGHT HEIGHT 

SCENARIOS AND THE BASELINE SCENARIO (α = 0.05); 1 = TOTALLY DISAGREE, 
7 = TOTALLY AGREE 

 baseline flight 

height 

t p 

I felt comfortable in the 

scenario. 
6.36 6.06     2.64 .011 

I felt safe in the scenario. 6.38 6.15     1.69 .096 

In the scenario I felt 

restricted in my privacy. 
1.66 2.22  -3.01 .004 

I felt disturbed in the 

scenario. 
1.64 2.07  -2.07 .044 

I felt observed in the 

scenario. 
1.74 2.21  -2.23 .030 

The events in the scenario 

seemed unpredictable. 
1.81 1.90  -0.72 .474 

I felt scared in the 

scenario. 
1.06 1.35  -3.34 .002 

I felt nervous in the 

scenario. 
1.21 1.64  -3.48 .001 

C. Visual density 

It was determined whether the different manifestations of the 

factor visual density and the presence of drone noise have a 

significant influence on the eight items for recording the 

perception of the individual scenarios using a two-way 

ANOVA with repeated measures. 

The results show that visual density has a significant effect on 

all items (cf. Figure 5).  In all cases responses are more 

negative the more drones were flying. However, with respect 

to have the feeling of being restricted in privacy the ANOVA 

turned significant, but not the pairwise comparisons. 

Regarding feeling comfortable in the scenario, responses 

significantly differ between 2 trajectories (M = 5.60, SEM = 

0.16) and 3 trajectories (M = 5.28, SEM = 0.18), p = .036, 

between 2 trajectories (M = 5.60, SEM = 0.16) and 4 

trajectories (M = 4.97, SEM = 0.18), p = .000 and between 3 

trajectories (M = 5.28, SEM = 0.18) and 4 trajectories (M = 

4.97, SEM = 0.18), p = .039. 

Regarding feeling safe in the scenario, responses significantly 

differ between 2 trajectories (M = 5.59, SEM = 0.17) and 4 

trajectories (M = 5.23, SEM = 0.17), p = .002.
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Figure 5. ANOVA results for flight height and visual density including the  
factor noise (α = 0.05). 1 = totally disagree, 7 = totally agree. 

Regarding feeling disturbed in the scenario, responses 

significantly differ between 2 trajectories (M = 2.61, SEM = 

0.19) and 4 trajectories (M = 3.33, SEM = 0.22), p = .000. 

Regarding feeling observed in the scenario, responses 

significantly differ between 2 trajectories (M = 2.54, SEM = 

0.20) and 4 trajectories (M = 2.91, SEM = 0.24), p = .016. 

Regarding having the feeling the events seem unpredictable in 

the scenario, responses significantly differ between 2 trajectories 

(M = 2.18, SEM = 0.17) and 3 trajectories (M = 3.23, SEM = 

0.22), p = .000 and between 2 trajectories (M = 2.18, SEM = 

0.17) and 4 trajectories (M = 3.52, SEM = 0.21), p = .000. 

Regarding feeling scared in the scenario, responses significantly 

differ between 2 trajectories (M = 1.59, SEM = 0.11) and 3 

trajectories (M = 1.87, SEM = 0.16), p = .048 and between 2 

trajectories (M = 1.59, SEM = 0.11) and 4 trajectories (M = 2.10, 

SEM = 0.15), p = .001. 

Regarding feeling nervous in the scenario, responses significantly 

differ between 2 trajectories (M = 1.91, SEM = 0.14) and 3 

trajectories (M = 2.37, SEM = 0.20), p = .008, between 2 

trajectories (M = 1.91, SEM = 0.14) and 4 trajectories (M = 2.75, 

SEM = 0.18), p = .000 and between 3 (M = 2.37, SEM = 0.20) 

trajectories and 4 trajectories (M = 2.75, SEM = 0.18), p = .024. 

To analyze if the visual density scenarios significantly differ 

from the baseline measurement, a paired t-test was used. Because 

drone noise has no significant effect in the ANOVA, mean values 

for the eight items from all flight height scenarios with and 

without noise were calculated. The t-test is based on these 

variables. The results show that the mean values significantly 

differ in all items compared to the baseline (cf. Table 5). The 

responses in the baseline scenario are more positive than in the 

visual density scenarios. 

TABLE 5: RESULTS OF THE T-TEST COMPARING BETWEEN VISUAL DENSITY 

SCENARIOS AND THE BASELINE SCENARIO (α = 0.05); 1 = TOTALLY DISAGREE, 7 = 

TOTALLY AGREE 

 
 baseline visual 

density 

t p 

I felt comfortable in the 

scenario. 
6.36 5.29   6.26 .000 

I felt safe in the 

scenario. 
6.38 5.42   5.03 .000 

In the scenario I felt 

restricted in my privacy. 
1.66 2.67  -4.28 .000 

I felt disturbed in the 
scenario. 

1.64 2.96  -5.46 .000 

I felt observed in the 

scenario. 
1.74 2.71  -3.77 .000 

The events in the 

scenario seemed 

unpredictable. 

1.81 2.97  -5.87 .000 

I felt scared in the 

scenario. 
1.06 1.85  -6.08 .000 

I felt nervous in the 
scenario. 

1.21 2.34  -7.07 .000 
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D. Air taxi 

A t-test, like the factors flight height and visual density, shows 

that in the air taxi scenario, all of the eight items were rated 

significantly more negative compared to the baseline (cf. 

Table 7). A ninth item was answered in the air taxi scenario 

measuring how bothered the participants were by the noise of 

the air taxi. The average is 3.15 (SEM = 0.28), indicating a 

low to medium level of noise pollution (cf. Table 6). 

TABLE 6: MEANS VALUES AND STANDARD ERROR OF THE RESPONSES IN THE 

AIR TAXI SCENARIO; 1 = TOTALLY DISAGREE, 7 = TOTALLY AGREE 

 M SEM 

I felt comfortable in the scenario. 4.87 0.23 

I felt safe in the scenario. 4.89 0.25 
In the scenario I felt restricted in my privacy. 2.34 0.25 

I felt disturbed in the scenario. 3.13 0.26 

I felt observed in the scenario. 2.26 0.21 
The events in the scenario seemed 

unpredictable. 
2.77 0.26 

I felt scared in the scenario. 2.38 0.24 
I felt nervous in the scenario. 2.94 0.26 

The noise of the air taxi bothered me. 3.15 0.28 

 

TABLE 7: RESULTS OF THE T-TEST COMPARING BETWEEN THE AIR TAXI 

SCENARIO AND THE BASELINE SCENARIO (α = 0.05); 1 = TOTALLY DISAGREE, 7 

= TOTALLY AGREE 

 baseline air taxi t p 

I felt comfortable 

in the scenario. 
6.36 4.87   6.38 .000 

I felt safe in the 
scenario. 

6.38 4.89   5.32 .000 

In the scenario I 

felt restricted in 
my privacy. 

1.66 2.34  -2.57 .014 

I felt disturbed in 

the scenario. 
1.64 3.13  -5.17 .000 

I felt observed in 

the scenario. 
1.74 2.26  -2.10 .041 

The events in the 
scenario seemed 

unpredictable. 

1.81 2.77  -3.23 .002 

I felt scared in the 
scenario. 

1.06 2.38  -5.74 .000 

I felt nervous in 

the scenario. 
1.21 2.94  -6.65 .000 

 

E. Attitude and concerns 

Before the simulation experiment almost all of the participants 

had a neutral or quite positive opinion (97.9 %) before 

watching. The majority of the responses are in the positive 

range of the scale (76.6 %) (cf. Figure 6). After the simulation 

participants were asked, how their attitude on drones changed. 

The results indicate that 34 percent of the participants had the 

same attitude and 42.6 percent a more positive attitude 

afterwards. However, 25 percent had a more negative attitude 

after experiencing the simulation (cf. Figure 7). 

 
Figure 6. The bar chart indicates participant’s attitude on drones before the 
experiment in percent. 

 
Figure 7. The bar chart indicates participant’s attitude on drones after the 
experiment in percent. 

 

In terms of concerns related to drones the mean values range 

from being medium to rather high concerned in all respects. 

Participants mostly fear that drones might violate the privacy 

of people. After participants have experienced the simulation 

their concerns slightly decreased in almost all respects. 

Exceptions include worries about criminal actions and 

damages due to accidents, where a slight increase in mean 

values can be seen. A t-test reveals significant decreases in 

concerns with respect to violation of privacy t(46) = 2.99, p = 

.004 and noise t(46) = 2.31, p = .025 after the simulation 

experiment (cf. Figure 8). 

 

 
Figure 8. The bar chart indicates the mean values of participant’s concerns 

before and after the experiment. 1 = not concerned at all, 7 = very concerned 
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VI. DISCUSSION 

A. Discussion of empirical results 

This study investigated how drones are perceived in an urban 

environment. For this purpose, a simulation experiment was 

conducted, in which different flight heights and volumes 

(visual density) of drones were presented to participants. 

Furthermore, it compared the flight height and visual density 

with and without sound. Besides that, a scenario with the 

landing of an air taxi was shown. 

With respect to the factors flight height significant effects 

were found in three of the eight acceptance items, all 

indicating a lower acceptance for lower flight heights. This is 

similar to the research of Hui [14], in which drones flying at 

lower altitudes were found to be more annoying. Regarding 

visual density significant effects were observed on all items. 

Responses were more negative the more drones were visible. 

For both, flight height and visual density, there is no evidence 

for drone noise having a significant influence on acceptance in 

an urban environment. A possible explanation for this is 

provided by the participant’s rating, whether drone noises 

were recognized in the scenarios. The majority of the 

participants constantly stated, that they did not hear drones in 

the flight height and visual density scenarios. As there were 

also noises from ground traffic in the scenarios, drone noises 

might have been covered by them. This observation is 

consistent with Torija, Self, and Li's [11] discovery that drone 

noises appear to be partially masked in noisy environments, 

such as at heavily trafficked intersections. 

With respect to the air taxi scenario this study revealed, that 

responses for all items are significantly more negative 

compared to the baseline measurement. Moreover, the 

annoyance ratings of the air taxi noise are in a positive to 

medium range of the answer scale. 

It was further observed, that attitudes on drones mostly stayed 

the same or turned more positive after the participants took 

part in the simulation experiment. The sample is noteworthy 

because it is relatively educated, young, and highly interested 

in contemporary technology. In addition, many participants 

have already used drones in either a professional or personal 

setting. This might have indicated that participants in the study 

were more open-minded about drones from the start. 

Lastly, after the simulation experiment participant’s concerns 

regarding to privacy and noise significantly decreased. The 

findings related to attitude and concerns suggest, that more 

experiences with drones might increase their acceptability. 

 

B. Limitations 

The fact that this study was conducted outside of a lab because 

of the COVID-19 pandemic is one of its limitations. For this 

reason, external noises might have influenced the results. To 

reduce this risk noise-absorbing headphones were used and the 

order of the flight height and visual density scenarios 

randomized. With respect to the simulation, the occlusion of 

the drones was incorrect, due to the video shown as skybox 

that is always behind all objects. Furthermore, flight dynamics 

were not considered as drones flew along splines with 

constant speed. A constraint regarding drone noises is the fact, 

that one sound sample was used for all drones in the flight 

height and visual density scenarios. However, different drone 

types might have different sound characteristics. Furthermore, 

parameters like wind or sound reflections on buildings were 

not taken into account. Consequently, the simulation cannot be 

entirely applied to reality. 

VII. CONCLUSION 

This study revealed some significant effects of the factors 

flight height and visual density on drone acceptance in an 

urban setting. However, drone noises did not affect 

participant’s ratings significantly, probably, because most of 

them did not hear drones in the different scenarios. In order to 

minimize disruption, drone routes may pass close to noisy 

infrastructure. Additionally, it should be taken into 

consideration when planning flight routes that drones do not 

fly too close to the ground and are not overly prevalent in 

urban areas. Air taxi landing zones should be placed so that 

they do not fly too close to people in order to ensure that their 

noises do not cause any disturbance. 

As some concerns related to drones significantly decreased 

after the experiment and attitudes for some of the participants 

turned more positive, experiencing drone flight might improve 

acceptance. In order to allow the public to experience drones 

and test different applications, real laboratories may be set up 

or citizen could be invited to flight demonstrations. 
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