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Abstract: This study investigated the public acceptance of drones in six European countries. For
this purpose, an online questionnaire was created, which was completed by 2998 participants. The
general attitude towards drones, concerns, approval for different use cases, minimum tolerable flight
altitude, acceptable flight areas, and the impact of personal and demographic attributes on drone
acceptance were analyzed. Overall, attitudes towards drones were quite positive in the entire sample
and even improved slightly in a second measurement at the end of the questionnaire. However,
the results also show that acceptance strongly depends on the use case. Drones for civil and public
applications are more widely accepted than those for private and commercial applications. Moreover,
the population still has high concerns about privacy and safety. Knowledge about drones, interest
in technologies, and age proved essential to predicting acceptance. Thus, tailored communication
strategies, for example, through social media, can enhance public awareness and acceptance.

Keywords: acceptance; Urban Air Mobility (UAM); drones; Uncrewed Aircraft System (UAS);
U-space; Europe (EU)

1. Introduction

Drones, ranging from hobbyist devices to potential air taxis, might become increas-
ingly prevalent in our skies, shaping a dynamic and an evolving global market [1]. As
people might be affected by drones by overflights or by being active users of specific use
cases, public approval of drone missions is crucial for many business cases, and is also
an enabler for the implementation of U-space in Europe. U-space envisages numerous
digital supporting services to ensure safe drone operations in busy airspaces like those
above urban areas [2]. This approach harmonizes regulations and introduces innovative
services and procedures, marking a pivotal advancement in drone operations [3]. There are
different attempts to harmonize the European drone market. The European Drones Outlook
Study prioritizes coordination and alignment at the European level. This refers to an “EU
drone package” that needs to be implemented quickly to establish a single drone market.
According to a SESAR-based study, a shared technological and regulatory ecosystem is
required to bring together all relevant stakeholders [4]. The CORUS-XUAM project released
the fourth edition of a Concept of Operation (ConOps) for European uncrewed air traffic. It
comprises, for example, infrastructure, safety, traffic management, flight rules, and also
social acceptability [2]. Social acceptance is also addressed in the European Drone Strategy
2.0 of the European Commission. The Commission is interested in ensuring that drones are
supported by society and addressing concerns like noise, safety, and privacy [5].

Since EU-wide harmonization among the European population requires a high level
of drone approval, the following study is dedicated to this topic. The study focuses on civil
drones, representing diverse systems and vehicles that can operate in a highly automated
manner. According to Boucher, these drones encompass individual flying devices, ground
stations, software systems, communication infrastructures, and other components. RPAS
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(Remotely Piloted Aircraft Systems) vehicles vary in size, weight, and automation levels.
They are often categorized by weight, with a significant regulatory threshold of 150 kg;
drones under this limit are regulated at the national level, while those above are regulated
at the European level. System complexity varies based on operating altitudes, line of sight,
and applications, including state, commercial, and recreational uses. RPAS are highly
customizable, allowing the same base system to be configured with different payloads for
various marketable services in government, commercial, and recreational sectors [6].

To investigate the general acceptance of drones in Europe, an online survey was
conducted across six European countries within the project USpace4UAM [7]. The study
addresses various aspects of drone acceptance, including the general attitude toward
drones, approval for specific use cases, concerns, tolerable flight altitudes, approval of
drone flights in different areas, and the impact of demographic and personal attributes
on acceptance. The survey is based on the telephone survey conducted by the German
Aerospace Center in 2018 [8]. It covers many of the same aspects but in several EU countries.

2. Theoretical Framework
2.1. State of Research

According to an EASA survey conducted in several European cities in 2021, individuals
have a strong interest in using drone services and have a mainly positive perception of
drones [9]. Acceptance may differ depending on the nation being polled. For instance,
responses to German surveys varied between very positive and very negative opinions
about civilian drone use [8,10]. In Australia, a different study revealed more neutral
attitudes [11]. A survey including the US public and UAM stakeholders identified several
factors affecting public acceptance of drones. Among them are perceived benefits and risks,
use case, flight area, drone characteristics, usage, and production costs [12].

A systematic literature review conducted by Sabino et al. identified the main expected
benefits as flexibility and variety of drone applications, cost reductions, technology safety,
and the applicability of drones for emergency response and monitoring [13]. A Nordic
study indicates that the main benefit of using drones is seen in improved accessibility
of areas that are hard to reach [14]. About concerns, numerous surveys have shown
that people’s primary worries are that drones might invade their privacy [8,10,12–18] or
that the technology is not secure enough [8–10,13–17,19–26] and drones might crash and
hurt people.

Research also shows that the acceptance of drones depends on the use case. Pub-
lic, industrial, or health-related applications are favored over private and commercial
ones [8,10,14,16,17,27]. For example, drone usage for civil protection, science, and medical
delivery is more tolerated than parcel or passenger transport. Furthermore, it makes a
difference where drones fly. People would rather accept drones flying in sparsely popu-
lated areas [8,21] than close to houses and people. Use cases that benefit society may be
an exemption [23]. When planning drone missions and flight routes, it also needs to be
considered that visual and acoustic pollution caused by drones may disturb people and
influence public acceptance negatively [8,20,23,24,28–31].

Lastly, personal attributes and characteristics affecting acceptance have been identified.
More negative attitudes were discovered among rural inhabitants [21], women [8,10,13,32],
people with less experience and knowledge about drones [8,29], and people with lower
income or older people [8,10].

2.2. Research Questions

The state of research shows that drone acceptance has already been examined in
numerous studies and various facets. However, many studies examined acceptance in one
country and not on a broader level. The EASA survey was conducted in various European
countries but focused on passenger transportation and parcel delivery by drone rather
than drones in general [9]. This study also focuses on several EU countries and covers
all civilian drones, which have a wide range of applications, e.g., filming, parcel delivery,
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rescue missions, research, hobbies, etc. This study aims to record the acceptance of drones
in several European countries and to compare it between the individual countries. Previous
research shows that drone acceptance is built upon several factors. Firstly, people have
a general attitude towards drones. Secondly, it is essential for drone acceptance that the
population does not have strong concerns about the implementation of drones. Studies
have also shown that acceptance depends on the intended use and that not all use cases are
equally accepted. Attitude, concerns, and approval for different use cases are therefore used
in this study to measure the construct of acceptance. These three aspects were analyzed for
the entire sample. Furthermore, comparisons were made between countries. The following
research questions guided this analysis:

RQ1a: How high is the public acceptance of drones at the European level?

RQ1b: Does the public acceptance of drones vary throughout different European countries?

To harmonize the regulations for drone traffic throughout the EU, it is crucial to
determine the population’s requirements regarding mission planning, as they may be
affected by the visual presence of flying drones and/or their noise impact. As described in
the state of research, there are already initial indications that drones could disturb people.
To avoid this, it could be essential to consider where drones fly and at what altitude.
Previous studies have already shown preferences on the part of the population concerning
the flight area. The flight altitude can also play a role, as this determines whether a drone is
perceived visually and/or acoustically by people on the ground. This aspect is also crucial
for the localization of landing sites, as drones fly at very low altitudes during take-off
and landing, and people in the vicinity may be disturbed by this. This study, therefore,
investigated the acceptance of flights in different areas and the minimum tolerated flight
altitude for drones for public, commercial, and private purposes. The following research
question drove this analysis:

RQ2: What are the requirements of the general public regarding flight planning (flying area and
altitude) for drones?

As the public should accept the regulations for flying drones in general, this study
was interested in understanding the influence of individual factors on acceptance. This
knowledge could be helpful to understand if and which groups there are in the general
public concerning the acceptance of drones. A random forest model was created for
this purpose. The model incorporates several factors identified as relevant in previous re-
search [8,10,11,13,21,29,32]. These include gender, age, income, residence, knowledge about
drones, interest in modern technologies, and drone experience. Additionally, the country
of the participants was included. The analysis dealt with the following research question:

RQ3: How do personal and demographic factors affect the acceptance of drones?

3. Method
3.1. Procedure

A questionnaire was developed and distributed across six European nations to inves-
tigate the public acceptance of drones in Europe. These nations comprised Germany, the
United Kingdom (UK), Poland, Spain, the Czech Republic, and Austria. These countries
were selected because they were represented in the Uspace4UAM project consortium.

One part of the questionnaire addressed the acceptance of drones in general, involving
attitude, use cases, concerns, minimum flight altitude, flying area, and personal and
demographic attributes. The second part focused on the acceptance and possible usage of
air taxis. This paper will only report the methodology and findings of the first questionnaire
section regarding the overall acceptance of drones. One exception is the item on the
acceptance of various use cases. Drones for passenger transportation were included here
because this is a frequently mentioned business case.
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The questionnaire addressed civilian drones, not those used for military purposes.
To explain the term drones, the participants were given the following definition at the
beginning of the questionnaire: “The drones we are talking about have a size from 50 cm
up to 2 m. They have multiple rotors and are powered by batteries. We are talking about
civilian drones, that for example are used to take pictures or videos or transport smaller
objects. These drones are controlled by humans from the ground or fly fully independently
on a pre-planned route”.

The questionnaire items are based on the telephone poll conducted by the German
Aerospace Center (DLR) in 2018 [8]. Other response choices and additional items, though,
were employed. Overall attitude, acceptance of use cases, and different concerns about
drones were measured on a 7-point scale with extrema labeling (attitude: 1 = very negative,
7 = very positive; concerns: 1 = not concerned at all, 7 = very concerned; acceptance
of use cases and flying area: 1 = strongly disagree, 7 = strongly agree). Participants
were also offered a “Don’t know” option for the items mentioned. Concerns (10 items)
and uses cases (11 items) were measured via matrix questions in which the participants
were asked to rate each item from the matrix on the scale. Additionally, concerns were
captured by asking participants to write their worries about drones in an open text form. To
evaluate the minimum tolerable flight altitude, the participants were asked to choose their
preferred altitude for public, commercial, and private drone applications from different
flight altitudes. The question referred to the cruising altitude of a drone, i.e., a flyover,
not to take off or land. Response categories comprise 1 = no minimum flight altitude,
2 = 10 m (maple tree, one-family house), 3 = 15 m (multi-family house with four levels),
4 = 20 m (Brandenburg Gate, Berlin), 5 = 50 m (Arc de Triomphe, Paris), 6 = 100 m (Big
Ben, London), 7 = more than 100 m, 8 = don’t know. The response categories 5–7 were not
included in the telephone survey 2018 and were added to this study, as the flight altitudes
are more likely to correspond to the actual cruising altitudes. Lower altitudes are more
relevant in the hobby sector or for take-off and landing processes. As can be seen from the
response categories, various types of buildings or tree heights were given as a reference for
the respective flight altitudes so that the participants could better visualize them.

The market research institute SKOPOS conducted the data collection on behalf of
DLR. SKOPOS adapted the questionnaire to the respective native languages of the indi-
vidual countries. Recruitment was carried out via an online access panel. Population-
representative quotas for gender and age were used for each country. If corresponding
quotas were reached, the survey was closed for these groups of people. The age limit
for participants was set between 18 and 65 years old, as the proportion of internet users
among older people in the six countries surveyed varies considerably (between 43 and
76 percent) [33,34]. This could lead to a bias, particularly in countries with a lower propor-
tion, because internet use may be determined by factors such as affinity for technology or
social status. Furthermore, an analysis in Germany shows that significantly fewer older
women have access to the Internet than older men [35]. Participation in the survey was
financially remunerated. The survey was run from April to May 2022.

3.2. Analysis

The data-cleaning process was conducted by SKOPOS. For this purpose, response
rates, the variance within item batteries, the fit of open-ended responses to the question,
and the general consistency of response behavior were analyzed. Any data records with
conspicuous deviations were removed.

The analyses in this study comprise various methods. These include exploratory
methods such as factor analysis, statistical tests such as t-tests, ANOVAs, non-parametric
tests, and algorithms such as random forest. A significance level of α = 0.05 was set for all
statistical tests, and missing values have been removed. This was performed for each item
individually by excluding cases that selected the “Don’t know” response option.

The dataset referring to the questionnaire part on the general acceptance of drones is
available in a publicly accessible repository.
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3.2.1. Attitude

The mean values of attitude toward drones were calculated. With a paired t-test, it
was analyzed whether the means significantly differed at the survey’s beginning and end.
With a one-way ANOVA, differences between the countries were explored.

3.2.2. Use Cases

Mean values were calculated for the different use cases, including the whole sample. A
Principal Component Analysis (PCA) was conducted to explore components, and according
to the outcome, those use cases belonging to a dimension were consolidated to a scale. The
mean values of these scales were then compared using a paired t-test to detect significant
differences between the factors for each country. With a one-way ANOVA, differences
between the countries were analyzed.

3.2.3. Concerns

Mean values were calculated for the 10 concerns-related items and then aggregated
to one scale. According to a reliability analysis, the scale’s internal consistency was high
(α = 0.909). The mean values of the scale were compared using a one-way ANOVA to
evaluate whether mean values significantly differed between countries.

Participants could additionally express their concerns in an open-response format.
The answers were translated into English with Google Translate from the library
“deep_translator” [36]. This is a flexible, accessible, unlimited Python tool that uses multiple
translators to translate between different languages. The frequencies of the individual
words were determined with Python’s library NLTK, a platform for building Python pro-
grams to work with human language data [37]. Words that were not related to concerns
were removed. Then, a list containing all content-bearing words and their frequencies was
created. The word frequencies for the whole sample and the individual countries were vi-
sualized in a word cloud. The size of the words was an indicator of the weights (frequency).
A further analysis was conducted to determine the frequency of responses indicating no
concerns. For this purpose, the keyword “no” was searched within all answers and only
responses which indicated no concerns were filtered.

3.2.4. Flying Area and Flight Altitude

To evaluate the acceptance of flight areas, mean values related to the approval of
drone flights in different community types and city areas were calculated. Regarding flight
altitude, mean values for the acceptable minimum flight altitudes were compared between
public, commercial, and private drone applications using a Friedman test.

3.2.5. Impact of Demographic and Personal Attributes on Acceptance

The impact of demographic and personal attributes on acceptance was analyzed using
the random forest method. Random forest is an ensemble model from machine learning
and is one of the supervised learning algorithms. The method was developed by Leon
Breiman [38]. A random forest can be used to make predictions of a target variable using
several predictor variables and to determine the influence of the individual predictor
variables. For the prediction, the algorithm divides the data into randomized subsets,
creates randomized tree predictors, and aggregates their predictions. For instance, in
regression scenarios, averages are used to aggregate predictions [39,40]. By combining
multiple uncorrelated decision trees, the predictive accuracy can be enhanced. Random
forest analyses are versatile for classification and regression tasks [38,41]. They construct
decision trees by considering every possible split on each predictor variable, selecting
the “best” split based on criteria like Root Mean Square Error (RMSE). This recursive
process continues until a stopping criterion is met and terminal nodes are formed [42].
Using the CART (classification and regression trees) algorithm, random forest establishes
optimal decision thresholds for variables through recursive partitioning. This overcomes
the limitations of single-tree CART models in handling complex data. In construction,



Drones 2024, 8, 107 6 of 25

random forest generates hundreds or thousands of decision trees, averting overfitting by
aggregating their outputs [43].

In our analysis, acceptance involved the target variable’s attitude, concerns, and
approval for private and commercial and public and civil use cases. For each target variable,
a random forest regression was conducted. There is proof from the literature that knowledge
of drones, experience with drones [8,29], gender [8], inhabitants of residence [21], age, and
income [8] have an impact on acceptance. Thus, they were included as predicting features
in all analyses. Besides that, country and interest in modern technologies were additional
predictor variables. In the random forest analysis, dummy coding of the categorical
variable’s country, gender, and income was used to allow the algorithm to capture non-
linear relationships between the categories better and improve the model’s performance.
For the reporting in the results section (Section 4.3), the model predictions were aggregated
back to their original response categories for better readability. The variable income is
initially available in the dataset in separate categories with different currencies for each
country. A new variable with Euro values was created for the analysis based on Eurostat
statistics 2018 [44]. These provide the average annual household income for all EU countries.
The average income was assigned to the “moderate income” category. Values below this
were defined as “low income” and those above as “high income”. There is also the response
category “not specified”.

Missing values were not included in the analyses. All random forest regressions
followed the same procedure. In the first step, 10-fold cross-validation was carried out
to assess the model’s predictive performance. In the next step, hyperparameters were
optimized. They included the number of estimators (number of trees), the maximum depth
of each tree, and the minimum sample in a split. In the optimization process, all possible
combinations of parameters were tested following a grid search approach. The combination
resulting in the lowest RMSE was chosen for the model.

The Python codes for the random forest analyses are available in a publicly accessi-
ble repository.

3.2.6. Sample

A total of 2998 people responded to the questionnaire. Around 500 people from each
of the six countries participated. Fifty-one percent were female, 48 percent were male,
and less than one percent chose the “diverse” option or denied the answer. The age of
the sample ranged from 18 to 65, with an average age of 41 (SD = 13). More than half of
the participants had a university degree or a vocational education. The general interest in
modern technology was moderate to high across the sample (M = 6.49, SD = 2.56; 0 = not at
all interested in modern technologies, 10 = very interested in modern technologies). Most
people already had some experience with drones, albeit mostly second-hand expertise
(63%), meaning having seen or heard drones. A total of 19% of the respondents had
used a drone independently and had first-hand experience. Only 18% stated they had no
experience with drones.

A few things became apparent when looking for potential biases In the sample. First,
compared to other countries, there were noticeably more individuals in Spain who held
a university degree, and in the Czech Republic, there were many people with secondary
modern school qualifications. Despite the UK’s 84% urbanization rate [45], most partici-
pants in the sample lived in small towns. Lastly, individuals with a high income dominated
in the Czech Republic and the United Kingdom.

4. Results
4.1. Attitude

Mean values indicate that at the beginning of the questionnaire, attitudes toward
drones ranged from moderate to positive across all countries (see Figure 1). The most
positive attitude was observed in Poland and the most negative in Austria. A one-way
ANOVA revealed an overall significant effect when comparing the mean values of attitude



Drones 2024, 8, 107 7 of 25

between the six countries (F(5,2724) = 46.6, p < 0.001, ηp2 = 0.079, n = 2730). It was a
moderate effect with an effect size of f = 0.29. According to the pairwise comparison,
Poland (M = 5.64, SD = 1.32) and Spain (M = 5.46, SD = 1.32) differed significantly from
every other country (Germany: M = 4.68, SD = 1.55; UK: M = 4.67, SD = 1.51; Czech
Republic: M = 4.84, SD = 1.47; Austria: M = 4.54, SD = 1.49). Moreover, there was a
significant difference between the Czech Republic (M = 4.84, SD = 1.47) and Austria
(M = 4.54, SD = 1.49).
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Figure 1. Mean values of attitude toward drones at the beginning and end of the survey for the
participating countries and the total sample. Whiskers indicate standard deviations.

Attitude was measured at the beginning and end of the drone-related section of the
questionnaire. The findings revealed a slight increase in almost all countries except Poland
and Spain, where a slight decrease could be observed.

A paired t-test was conducted to analyze whether there was a significant change in
attitude in the overall sample. Findings exhibited a significant improvement (t = −6.06,
p < 0.001, n = 2687) between the first (M = 4.99, SD = 1.50) and the second measurement
(M = 5.11, SD = 1.38). The effect size due to Cohen (1988) was d = 0.12, which is a weak
effect. Paired t-tests were also conducted for the single countries, pointing out that attitude
significantly improved in the UK, the Czech Republic, and Austria, as well as in the total
sample (see Table 1).

Table 1. Results of a paired t-test for attitude on drones comparing responses at the beginning and
the end of the survey for the participating countries.

Country n M (1st

Measurement)
M (2nd

Measurement)
T p Cohen’s d

Germany 434 4.71 (SD = 1.55) 4.81 (SD = 1.42) −1.87 0.062 -
UK 417 4.67 (SD = 1.52) 5.03 (SD = 1.44) −6.53 <0.001 *** 0.32

Poland 454 5.65 (SD = 1.31) 5.59 (SD = 1.19) 1.39 0.165 -
Spain 474 5.47 (SD = 1.32) 5.46 (SD = 1.27) 0.13 0.895 -
Czech

Republic 449 4.84 (SD = 1.47) 5.01 (SD = 1.38) −3.54 <0.001 *** 0.17

Austria 459 4.54 (SD = 1.49) 4.74 (SD = 1.39) −4.25 <0.001 *** 0.20

Total
sample 2687 4.99 (SD = 1.50) 5.11 (SD = 1.38) −6.06 <0.001 *** 0.12

Note: Asterisks indicate the strength of statistical significance (0.01 * = significant, 0.001 ** = highly significant,
<0.001 *** = extremely significant).
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4.2. Use Cases

Mean values related to the approval for various drone use cases suggested two cate-
gories of applications with different acceptance levels. The use cases (see Figure 2), ranging
from disaster management to monitoring transport networks and energy supply, were
more accepted by people than the use cases ranging from photos and videos for news
reports to passenger transport, which were moderately accepted.
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Thus, an explorative factor analysis tested their structure to aggregate the items for
further analyses. The Bartlett test (χ2(55) = 16,150.52, p < 0.001), as well as the Kaiser–Meyer–
Olkin Measure of Sampling Adequacy (KMO = 0.919), suggested that the variables were
appropriate for using factor analysis. Thus, a PCA with varimax rotation was conducted.
The analysis suggested two factors with an eigenvalue bigger than 1.0. Therefore, a two-
factor solution was chosen, which explains 66 percent of the variance. Factor 1 was defined
as civil and public use cases, and factor 2 was defined as private and commercial use cases
(see Table 2). This is the same structure as the bar chart in Figure 2 suggests. A reliability
analysis indicated a high internal consistency for factors 1 (α = 0.896) and 2 (α = 0.853).
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Table 2. Groups of use cases according to the factor analysis.

Factor 1: Civil & Public Use Cases Factor 2: Private & Commercial Use Cases

Disaster management Photos & videos for news reports
Research Parcel delivery

Agriculture Hobby
Medical use Photos & videos for advertisement

Civil protection Passenger transport (air taxi)

A paired t-test revealed significant differences (t = 46.31, p < 0.001, n = 2572) between
public and civil (M = 5.62, SD = 1.24) and private and commercial drone applications
(M = 4.53, SD = 1.47) in the total sample. The effect size due to Cohen (1992) was r = 0.91,
which is a strong effect. Paired t-tests were also performed for the individual countries,
demonstrating significant differences between the use cases (see Table 3 and Figure 3).

Table 3. Results of a paired t-test for acceptance on public and civil compared to private and
commercial use cases for the participating countries.

Country n M (Public & Civil) M (Private & Commercial) T p Cohen’s d

Germany 429 5.46 (SD = 1.35) 4.17 (SD = 1.57) 20.14 <0.001 *** 0.97
UK 408 5.40 (SD = 1.28) 4.32 (SD = 1.44) 17.88 <0.001 *** 0.89

Poland 440 5.88 (SD = 1.16) 5.18 (SD = 1.31) 15.07 <0.001 *** 0.72
Spain 439 5.74 (SD = 1.15) 4.74 (SD = 1.32) 18.45 <0.001 *** 0.88

Czech Republic 417 5.74 (SD = 1.18) 4.64 (SD = 1.42) 20.54 <0.001 *** 1.01
Austria 440 5.50 (SD = 1.26) 4.12 (SD = 1.46) 22.75 <0.001 *** 1.08

Total sample 2,572 5.62 (SD = 1.24) 4.53 (SD = 1.57) 46.31 <0.001 *** 0.91

Note: Asterisks indicate the strength of statistical significance (0.01 * = significant, 0.001 ** = highly significant,
<0.001 *** = extremely significant).
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Figure 3. Approval for public and civil use cases compared to approval for private and commercial
use cases in the different countries and the total sample. Whiskers indicate standard deviations.
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A one-way ANOVA further revealed a significant difference for both private and
commercial F(5,2638) = 35.7, p < 0.001, ηp2 = 0.063, n = 2644) and public and civil use cases
F(5,2766) = 11.5, p < 0.001, ηp2 = 0.020, n = 2772) between the countries. The effect size was
moderate for private and commercial (f = 0.26) and small for public and civil use cases
(f = 0.14).

In the case of private and commercial use cases, Games–Howell posthoc tests indicated
that the mean value in Poland (M = 5.17, SD = 1.31) significantly differed from all other
countries (Germany: M = 4.14, SD = 1.58; UK: M = 4.32, SD = 1.43; Spain: M = 4.73,
SD = 1.32; Czech Republic; M = 4.62, SD = 1.43; Austria: M = 4.12, SD = 1.46). Spain
(M = 4.73, SD = 1.32), and the Czech Republic (M = 4.62, SD = 1.43) significantly differed
from Germany (M = 4.14, SD = 1.58), the UK (M = 4.32, SD = 1.43), Poland (M = 5.17,
SD = 1.31), and Austria (M = 4.12, SD = 1.46).

In terms of public and civil use cases, Games–Howell posthoc tests showed that the
mean values in Germany (M = 5.48, SD = 1.33) and the UK (M = 5.44, SD = 1.26) significantly
differed from those in Poland (M = 5.90, SD = 1.17), Spain (M = 5.78, SD = 1.14), and
the Czech Republic (M = 5.78, SD = 1.16). Additionally, Austria (M = 5.50, SD = 1.24)
significantly differed from Poland (M = 5.90, SD = 1.17), Spain (M = 5.78, SD = 1.14), and
the Czech Republic (M = 5.78, SD = 1.16).

4.3. Concerns

Responses related to various drone concerns showed that people were moderately
to intensely concerned about the different aspects. The biggest concern was that drones
might violate citizens’ privacy or be misused for criminal actions. Participants were least
concerned about drone noises (see Figure 4).
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Figure 4. Participants’ single concerns about drones. Whiskers indicate standard deviations.
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All concern-related items were aggregated to one scale by calculating mean values
for further analyses. Mean values for the different countries revealed the highest level of
concern in Germany and the UK and the lowest in Poland (see Figure 5).
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A one-way ANOVA revealed an overall significant effect when comparing the mean
values of the concern scale between the six countries (F(5,2608) = 12.9, p < 0.001, ηp2 = 0.024,
n = 2614). It was a small effect with an effect size of f = 0.16. Games–Howell posthoc
tests indicate significant differences between Poland (M = 4.40, SD = 1.36) and Germany
(M = 4.94, SD = 1.19), UK (M = 4.96, SD = 1.24), Spain (M = 4.84, SD = 1.20), and Austria
(M = 4.85, SD = 1.17). Furthermore, there are significant differences between the Czech
Republic (M = 4.63, SD = 1.25) and Germany (M = 4.94, SD = 1.19) and the UK (M = 4.96,
SD = 1.24).

Concern-related statements from the open response format were analyzed according
to the frequency of content-bearing keywords. Figure 6 visualizes the outcome in a word
cloud. It involves the results from the entire sample. The five most common concern-
related words of each subsample are shown in Table 4. The word privacy was mentioned
most often across all countries. The results are consistent with the findings from the
previous analysis, which indicates privacy concerns and concerns about criminal abuse are
most important.

Table 4. The most frequently stated concerns in each country.

Total Germany UK Poland Spain Czech Republic Austria

privacy privacy privacy privacy privacy privacy privacy
people people people people people invasion private
private private invasion fall accident fall fall

fall spy spy spy fall abuse crash
invasion protection invade lack private people people
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Figure 6. The word cloud shows the risks and concerns people associate with drones. The bigger the
words, the more frequently they were stated by the participants.

The relative frequency of people with no concerns was 28% for the whole sample.
Table 5 shows the relative frequencies of participants without concerns for each country.
According to the findings, Poland and the UK had the highest number of respondents
without concerns, whereas the Czech Republic had the lowest.

Table 5. Amount of people with no concerns in each country.

Total Germany UK Poland Spain Czech Republic Austria

28.0 23.4% 34.5% 35.0% 32.0% 16.2% 27.3%

4.4. Flying Area and Flight Altitude

Mean values for flight areas where drone operations are acceptable showed that drone
flights are most favorable in uninhabited regions. Only in this category were responses
rather positive. The acceptance of flights over sparsely populated areas and small towns
was moderate, whereas it dropped into the negative scale range for medium-sized and big
cities (see Figure 7).

As drone operations in big cities are unfavorable, the acceptance of flights in various
city areas was moderate to negative (Figure 8). In cities, flights were most tolerable in
industrial parks and recreational areas, whereas they were less acceptable in city centers
and housing areas.
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Figure 7. People’s approval for drones flying in different community types. Whiskers indicate
standard deviations.
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Figure 8. People’s approval for drones flying in different city areas. Whiskers indicate standard deviations.

According to relative frequencies of tolerable minimum flight altitudes for different
drone applications, drones used for public functions can fly at lower altitudes of up to 20 m,
which was acceptable to 50% of participants. In comparison, fewer people would tolerate
such altitudes for private or commercial uses (see Figure 9).
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Figure 9. Relative frequencies of acceptable minimum flight altitudes compared between public,
private, and commercial drones.

The results of a Friedman test revealed that the tolerated minimum flight altitude
significantly differed between the three fields of use (χ2 (2) = 141.39, p < 0.001, n = 2183).
Lower altitudes were acceptable for drones with public functions, followed by privately
used drones. Commercial drones should fly at high altitudes. According to a Dunn–
Bonferroni posthoc test there were significant differences between public and private
drones (z = 0.13, p < 0.001, Cohen’s r = 0.00), public and commercial drones (z = 0.30,
p = < 0.001, Cohen’s r = 0.01), as well as between private and commercial drones (z = −0.18,
p < 0.001, Cohen’s r = 0.00). However, the effect sizes mentioned show that this was an
extremely weak effect. For each field of usage, 20 percent or more of the participants chose
the “Don’t know” option. Thus, they were not considered in the Friedman test.

A look at the total frequencies was taken to see if the number of participants who
chose the “Don’t know” option was associated with drone experience. The frequencies
are presented in Table 6. In all categories (drones with public, commercial, and private
functions), it appears that within the group of participants with no experience, there was
the highest number of individuals who chose “Don’t know” (around 40% in each category)
compared to the groups of participants with first- or second-hand experience.

Table 6. Proportion of participants expressing uncertainty regarding the tolerable minimum flight
altitude, segmented by their experience with drones across three application areas.

Number of Participants
Choosing “Don’t Know”

within the Individual
Experience Levels

Frequency of
Participants for the

Respective Levels of
Experience

Public
No experience 212 (39%) 544 (18%)
Second-hand

experience 362 (19%) 1883 (63%)

First-hand experience 40 (7%) 560 (19%)

Commercial
No experience 230 (42%) 544 (18%)
Second-hand

experience 437 (23%) 1883 (63%)

First-hand experience 44 (6%) 560 (18%)
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Table 6. Cont.

Number of Participants
Choosing “Don’t Know”

within the Individual
Experience Levels

Frequency of
Participants for the

Respective Levels of
Experience

Private
No experience 216 (40%) 544 (18%)
Second-hand

experience 392 (21%) 1883 (63%)

First-hand experience 44 (8%) 560 (19%)
Note: The table displays the proportion of participants uncertain about minimum flight altitude, categorized by
drone experience and application areas. Counts reflect those choosing “Don’t know” within each experience level.
The rightmost column indicates the total number of participants per experience level. The values are given in
absolute and relative frequencies (in brackets).

4.5. Impact of Demographic and Personal Attributes on Acceptance

A random forest analysis was conducted for four target variables, each involving eight
predicting features. The correlation matrix in Figure 10 shows that none of the factors in
the model correlate too highly with each other, as all coefficients are below 0.8.
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In each model’s first step, a 10-fold cross-validation was performed, followed by
hyperparameter optimization to increase the model performance. Table 7 provides an
overview of each random forest analysis’s selected parameters, model performance, and
sample size. The sample sizes differ because missing values were removed beforehand.
The hyperparameters involved the maximum depth of the regression trees, the number of
trees (estimators), and the minimum sample split. The selected hyperparameters resulting
in the lowest RMSE, and thus being used for building the random forest, are shown. The
out-of-bag (OOB) accuracy indicates the correct predictions and is a metric for the model
performance. Its values range between 0 and 1. The OOB values indicate that more than
80% of the predictions were made correctly in each model.

Table 7. Selected parameters and model performance.

Variable Sample Size Max Depth Estimators Min Sample Split OOB acc

Attitude 2711 7 100 30 0.88

Concerns 2594 10 200 150 0.84

Approval for private &
commercial use cases 2625 10 300 30 0.88

Approval for public & civil
use cases 2750 6 1000 50 0.85

The outcome of the random forest analyses is presented in Feature Importance
(Figure 11) and Partial Dependence Plots (Figure 12).
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Figure 11. The Feature Importance Plots indicate the relative importance of each feature according to
its impact on the target variable. A relative importance of a feature of 0 corresponds to one percent
and 1 corresponds to 100 percent.
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Figure 12. The Partial Dependence Plots show the predicted values of the target variables for
each feature. The predicted values are presented on the y-axis, and the features’ categories are on
the x-axis.

The Feature Importance Plots show how important each feature is for predicting the
target variable. In the models referring to the attitude toward drones and the approval
for private and commercial use cases, knowledge about drones had the most substantial
impact, followed by general interest in technology. In case of public and civil use cases,
technology interest was the dominant influence. Regarding concerns related to drones, age
was the feature with the highest importance.
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The Partial Dependence Plots present the predicted values of the target variable for
each feature category. As the categories are shown as numeric values, the plots’ interpreta-
tion is guided by Table 8. It lists the variable names and their categories as numeric and
string values. The percentage of people in the sample is also given for categorical and
ordinal variables.

Table 8. Overview of features and target variables used in the random forest analyses.

Features

Variable Numeric Value Value Label (and Proportion of the Category in the Sample in %)

Country

1 Germany (17%)
2 UK (17%)
3 Poland (17%)
4 Spain (17%)
5 Czech Republic (17%)
6 Austria (17%)

Age

1 18–29 years old (23%)
2 30–39 years old (45%)
3 40–49 years old (24%)
4 50–65 years old (31%)

Knowledge (scale) 1–7 1 = Not informed at all, 7 = Very well informed

Interest in technology 0–10 0 = not at all interested in modern technologies, 10 = very interested
in modern technologies

Gender
1 Male (48%)
2 Female (52%)

Experience
1 No experience (18%)
2 Second-hand experience (63%)
3 First-hand experience (19%)

Inhabitants_residence

1 Village (fewer than 5000 inhabitants) (20%)
2 Small town (5000 to below 20,000 inhabitants) (23%)
3 Medium-sized town (20,000 to below 100,000 inhabitants) (23%)
4 Big city (more than 100,000 inhabitants) (33%)

Income

1 I prefer not to say (7%)
2 Low income (18%)
3 Moderate income (40%)
4 High income (33%)

Target Variables

Variable Numeric Value Value Label

Attitude (scale) 1–7 1 = Very negative, 7 = Very positive

Concerns (scale) 1–7 1 = Not concerned at all, 7 = Very concerned

Approval for private &
commercial use cases (scale) 1–7 1 = Strongly disagree, 7 = Strongly agree

Approval for public & civil
use cases (scale) 1–7 1 = Strongly disagree, 7 = Strongly agree

Referring to the target variables attitude and approval for private and commercial use
cases, as with the feature importance plots, the importance of knowledge and also interest
in technologies is visible here. Both target variables gradually became more positive when
people were more informed about drones or the more they were interested in modern
technologies in general. There were also differences in the predictions for the country. As
was already seen in the results in Sections 4.3 and 4.4, the predicted values for Poland were
noticeably more positive than for the other countries. Spain also reached higher values than
the other countries, but the predictions were not as high as for Poland. More experience
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with drones led to a somewhat more positive attitude as well. The predicted values of the
other features, however, differed little.

Similar observations can be made regarding concerns and approval for public and
civil use cases. In particular, approval for private and commercial use cases also became
more positive as interest in modern technologies increased. Still, the range of differences
between the values of all other features was smaller than for the other target variables.
Here, the predictions for the individual variables seemed to differ significantly less from
one another. Regarding concerns, the fluctuations were most vigorous for the variable age,
which aligns with the results presented in Feature Importance Plots.

5. Discussion
5.1. Results
5.1.1. RQ1a: How High Is the Public Acceptance of Drones at European Level?/RQ1b:
Does the Public Acceptance of Drones Vary throughout Different European Countries?

To answer the research questions, we measured three aspects of drone acceptance.
The general attitude towards drones, the approval for different use cases, and concerns
with respect to drones were measured. These aspects were compared among the six
countries, but also analyzed for the total sample. The findings revealed a generally positive
attitude within the total sample. However, significant differences between countries exist,
prompting an examination of their practical relevance, especially considering the weak
effect size. These differences necessitate a careful consideration of potential biases. Even
if efforts were made to collect representative samples, biases in the country’s samples
can cause some of the effects found here. Taking together the weak effects of country
differences, the possible bias in the sample, and the low significance of the country in the
random forest analysis, the country seems to play less of a role in the acceptance of drones.

Our findings underscore substantial variations in the acceptability of drones across
diverse use cases. Notably, public and civil applications, such as disaster management or
research, receive higher approval compared to private and commercial ones, like passenger
transport or recreational use. This difference is statistically significant, indicating a strong
effect and suggesting that public acceptance of drones is closely linked to the specific use
case. This aligns with existing research, emphasizing the pivotal role of implementation
and perceived benefits in shaping public approval ([8,14,17,27,40]). A mixed-method study
on drone acceptance points out that the approval for specific use cases depends on how
they are implemented and how beneficial people perceive them. For example, the intention
to use air taxis depends on the price, safety, or the location of landing spots [46].

Like in other studies, the findings of this survey also show that people’s most signifi-
cant concerns relate to the violation of privacy followed by the use of drones for criminal
purposes. Concerns are lowest in terms of noise pollution. Comparisons between countries
regarding concerns revealed significant differences, but as with attitude, the effect is weak.
This fits with the observation that the country in the random forest analysis also did not
have a high predictive power on the variables. The question arises: how can existing
concerns be addressed and reduced? On the one hand, laws and regulations should guar-
antee data protection. Pauner et al. state that EU legislation does not sufficiently cover
new privacy and data protection threats. Activities to address data protection and privacy
issues related to drones should be standardized across the EU and worldwide [47]. Further
measures to address public concerns may include providing real-time information on drone
activities, e.g., who is flying and for what purpose, via platforms similar to Flight Radar.
Visual indicators like flashing lights can signal when drones capture media, enhancing
awareness and addressing privacy concerns. Moreover, care must be taken to ensure that
cyber security is considered. U-space architectures must be secure in this respect. Besides
that, it needs to be guaranteed that in the future drone operations are often conducted
in a highly automated U-space environment. In the event of an incident, drones should
be able to switch to a safe state or capable of a safe landing (e.g., by using parachutes).
Security risks should also be considered when planning missions. Densely populated areas
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or security-critical infrastructures might be avoided. Prioritizing safety in implementing
U-spaces is fundamental for fostering public trust in drone operations.

In conclusion, the study indicates a generally positive acceptance of drones with weak
differences among countries. This provides a favorable foundation for the implementation
of U-spaces in Europe. However, it is imperative to address existing concerns adequately,
as highlighted earlier. When introducing novel technologies, a fundamental question
arises: Are extensive efforts necessary to increase acceptance, or will people gradually
adapt to innovations over time? Notably, the study suggests that the effort required may
not be enormous in the case of drones due to the already positive attitude observed. The
conducted questionnaire already slightly positively affected the participants’ attitudes,
highlighting the impact of even minor interventions. Implications for entities such as com-
panies and research institutions include enhancing communication about new technologies
and potentially, for example, using social media platforms or public events. Small-scale
measures could effectively raise societal awareness. Integrating acceptance considerations
in scientific or industrial drone projects is crucial, emphasizing effective communication
with the public on technical developments. Moreover, opportunities should be seized to
involve the general public, for example, when flight demonstrations are carried out or
when test fields and living labs are established in certain regions, as they offer a practical
opportunity to familiarize society with drones. Concerning increasing the acceptance of
new technologies such as drones, it would be interesting to carry out studies investigating
the efficiency of individual measures to increase acceptance.

5.1.2. RQ2: What Are the Requirements of the General Public Regarding Flight Planning
(Flying Area and Altitude) for Drones?

This survey revealed findings similar to the telephone survey in Germany concerning
the acceptance of different flight areas and flight altitudes [8]. According to the results,
drone flights are most tolerable in uninhabited or sparsely populated regions. In cities, the
highest tolerance is identified for flights in business and industrial areas, whereas drones
are not favored to operate in housing areas.

Regarding flight altitude, only minimal differences were found between drones with
public functions and commercial or private drone operations. Considering this, together
with the results on the flight area, it may be less important for people how high drones
fly for various applications, but rather where they fly and that they do not disturb people.
In practice, it is probably also difficult for people to classify the purpose of a drone if it
is not labeled in some way, for example, by the company logo. On the other hand, Hui
found in his experiment that altitude plays a role. He observed a decreased annoyance with
increasing flight altitude [48]. In our survey, it is striking that 20 percent of the participants
were unsure about the minimum tolerable flight altitude. Further analyses suggest that this
could have to do with a lack of experience with drones, as many people who stated that they
had no experience with drones chose the “Don’t know” response option. Participants with
first-hand experience, on the other hand, compound to a minor proportion in the “Don’t
know” category. Eventually, they have been in contact with drones most frequently through
their flights and can better assess different flight altitudes and their corresponding noise
exposure as their experience increases. Experiments are helpful for a better assessment
of tolerable minimum flight altitudes, in which participants experience drones flying in
different altitudes with visual and acoustic stimuli [31,49–51]. There are a few studies that
followed this approach. Studies on noise impact are crucial and should also be considered
in future research on the acceptance of drones. Based on the results of the surveys, it would
be interesting to investigate how drones are experienced in different regions and urban
areas. This is also important to research when planning landing points. At cruising altitude,
drones are probably less noticeable, but the noise impact is an essential consideration if
they land close to people. Noise mapping based on various research data is also essential
for flight path planning. The practical implication of the results is that when planning
drone flights, it is vital to ensure that drones primarily fly over areas where they will not
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disturb people, like in sparsely populated areas or industrial areas. This is in line with the
current SORA (Specific Operations Risk Assessment) requirements, according to which
drones should avoid flying over densely populated areas due to the increasing ground
risk [52]. If possible, landing points should be located so that the noise of drones taking off
and landing is not disturbing. However, it could be that landing points are also planned in
cities, for example, for logistics drones or air taxis. In that case, it could make sense to locate
them at central hubs such as railway stations and airports where there are no residential
areas in the immediate vicinity and where drone noise is masked by other traffic noise.

5.1.3. RQ3: How Do Personal and Demographic Factors Affect the Acceptance of Drones?

Knowledge and interest in modern technology were the most decisive predicting
factors regarding the general attitude toward drones and approval for different use cases.
This aligns with existing research indicating that people with higher knowledge about
drones are more positive about them [13,15,53,54]. Knowledge is more relevant for attitude
and approval for private and commercial use cases. In contrast, interest in technology
is the more important factor for approval for public and civil use cases. This could be
because drone deployments for purposes that are used for the good of society already
enjoy a high level of approval. It could, therefore, be that people who are open to new
technologies are also open to using them for such purposes. However, approval was lower
for private and commercial use cases, and people differed more strongly in their opinions.
It could be that the population is divided into people who already have a high level of
knowledge, experience, and interest in drones and are, therefore, potential early adopters
of this technology and people who are not yet as experienced and interested. People with a
high level of knowledge may also see more advantages in all possible drone use cases.

So, high knowledge about drones and interest in technology appear to be important
drivers for a high level of acceptance among the population. When it comes to new tech-
nologies, early adopters often get to grips with a particular innovation very early and show
a high commitment and willingness to use it. According to the Diffusion of Innovation
Theory [55], early adopters are crucial in adopting novel technologies. The theory operates
at both individual and aggregated levels. At the individual level, it focuses on the adoption
process involving the innovation, individuals who have adopted it, those yet to adopt
it, and communication channels facilitating information exchange. The theory explains
the stages an individual goes through in deciding to adopt. Communication, including
word-of-mouth and mass media, influences this process. On the aggregate level, the theory
suggests an S-shaped cumulative adoption pattern over time. Some individuals adopt
earlier, reflecting their innovativeness [56]. Within the group of potential adopters, there
are often less than 20 percent early adopters, but these play a very important role in the dif-
fusion process of innovations. Early adopters are characterized, in particular, by a positive
technology orientation, more knowledge, and prior experience with a novel technology.
Dedehayir et al. suggest that businesses should increase adopters’ knowledge of new
products and services [56]. Experiential knowledge from earlier adopters is crucial for
individuals in the early stages. As experience is limited, it is often obtained from closely
connected individuals. In the late stage, when a majority has adopted, externalities from
peers’ behaviors become prominent, positively or negatively influencing the remaining
individuals’ propensity to adopt. Positive externalities typically lead to widespread dif-
fusion of promising innovations, while negative social influence can result in negative
externalities [57]. As discussed in Section 5.1.1, knowledge and experience about drones
could be communicated via various communication channels, such as social media plat-
forms, test fields, and living labs. The latter are often located away from urban areas for
infrastructural and security-related reasons, meaning that few people come into contact
with them. Test fields and living labs presumably attract early adopters, who are most
likely to be among their visitors due to the high interest in the technology. Such living
labs should, therefore, primarily address this target group. According to the diffusion of
innovation theory described above, the early adopters could gain more concrete experience
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with drones there and disseminate the experience and knowledge they have gained in
their environment.

In terms of concerns, age has the highest impact on the predictions. A literature review
by Lee and Coughlin identified several factors influencing older people’s adoption of
technology [58]. The review found that older people are likelier to adopt a new technology
with a recognizable benefit. Technologies are not accepted simply because they are new.
According to one study, older people are often unaware of new technologies that could
be helpful to them [59]. Regarding drones, older people may be less likely to see the
advantages and benefits and are more likely to be concerned about the dangers. When
communicating about drones, it is essential to adapt information to different age groups
and emphasize the technology’s benefits, especially for older people. Lee’s and Coughlin’s
review further revealed that older people are likelier to adopt new technologies if they
help them maintain their independence [58]. Drone applications such as delivery services
could ensure this, as they could make shopping easier, for example. On the other hand,
the review also found that new technologies could bring with them the perceived risk of
reducing social interactions [60]. In the instance of parcel delivery by drone, this could be
the case because it might reduce interactions such as those you have in the supermarket or
with parcel carriers. Lastly, a study by Morris and Venkatesh found that privacy sensitivity
is particularly pronounced among older people [61]. In a study on smart home technolo-
gies, older participants also reported concerns about possible invasion of privacy by cam-
eras [62]. Privacy concerns are also high with drones and maybe even more pronounced for
older people.

5.2. Strengths and Limitations

The study used a large sample size, providing a solid basis for deriving meaningful
conclusions. Another strength of this study is that it investigated the acceptance of drones
at the European level and compared individual aspects, such as general attitudes towards
drones between the different countries. The country was included as a factor in the random
forest analysis to examine its influence on acceptance. The random forest approach proved
very useful in this study for analyzing the significance of individual factors for different
target variables and predicting the target variable for individual factor levels. In their
overview of random forests in psychological research, Fife and D’Onofrio notice that they
are used comparatively less frequently in psychology. They encourage researchers to apply
this method more often, especially for explorative data analysis [63].

One limitation is that although the study was conducted at the European level, it only
covered a small selection of EU countries and not all of them. The survey was undertaken
only in those countries that were represented in the consortium of the Uspace4UAM
project, but these did not include the Scandinavian region or France and Italy, for example.
Accordingly, the results cannot be applied to all EU countries. Another limitation is the
exclusion of the older population. The results are only representative of people between
the ages of 18 and 65. In addition, the biases in the sample regarding education, place of
residence, and income should be mentioned. When filtering the participants, no quotas
were set for these characteristics, meaning less could be checked for these attributes. For
example, it is often the case in online surveys that education is above average, as this group
is usually more strongly represented in the panels. This could have led to a bias in the
results. This must be considered, particularly in the case of significant differences in the
comparison between countries regarding attitude, approval for use cases, and concerns.
Concerning place of residence, however, a study by Aydin showed that urban, suburban,
and rural residents do not differ in their attitudes towards drones. One possible reason is
that these groups do not differ in drone knowledge [32].

In general, it can be said that measuring the acceptance of drones is challenging, as
several factors play a role here. This study used the variables of attitude, approval for use
cases, and concerns, which were frequently addressed in the relevant literature. However,
it cannot be ruled out that other elements play a role. Acoustic and visual pollution were
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also mentioned as important factors in the discussion. However, it is hardly possible to
capture these in surveys; the experiments mentioned in virtual reality are better suited to
this. Surveys are unlikely to reflect all facets of drone acceptance adequately. It also cannot
be ruled out that certain essential aspects are not represented in the items themselves. This
could be the case for use cases and concerns, for example. The results might have differed
if the participants had been presented with other or even more use cases and concerns to
evaluate. The open response format was therefore included for worries. It was noticeable
in the results that concerns similar to those we had expressed in the matrix question on
concerns were stated in the open responses.
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