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Abstract: The use of rescue drones is expected to increase in forthcoming years. 

However, the success of their implementation through different applications will 

depend on public acceptance. Studies to date have analyzed public support for the use 

of drones with various applications. However, public acceptance of drones in specific 

contexts remains to be explored. In particular, the use of drones for beach rescues has 

proven beneficial in reducing response times, thus helping to save lives. In this study, 

we analyze the public acceptance of lifesaving drones and their influencing variables. 

Data collected from a survey of beach users (N = 3363) for this study are used to 

measure public acceptance of rescue drones. We found that public acceptance of rescue 

drones is moderate, with approximately half of all participants accepting their use. In 

terms of influencing variables, we found that the factors most associated with their use 

are ‘perceived benefits’ and ‘perceived risks’. We also found that the participants from 

beaches without lifeguard services were more likely to accept the use of rescue drones. 

These results initiated a discussion on the variables that are associated with the public 

acceptance in the specific context of lifesaving. In addition, based on the results of this 

study, we propose implementation plans for rescue drones that might also include 

public information campaigns on their benefits for beach users. 

 

Keywords: Lifeguarding; unmanned aerial vehicle; drones; perceived benefits; 

perceived risks; technology acceptance. 

Citation: Del-Real, C., & Díaz-Fernández, A. M. (2021). Lifeguards in the sky: Examining 

the public acceptance of beach-rescue drones. Technology in Society, 64, 101502. 

1. Introduction 

The use of drones for safety and emergency applications is no longer a matter of whether, 

but when and where. Both questions, beyond the legal regulation of drones [1], [2], depend 

on whether the public would accept their use. Although drones have been used since the 20th 

century for military purposes [3], it was not until the early 21st century that their use increased, 

for which reason they can be defined as an ‘emerging technology’ [4]. According to Rotolo 

et al. [5], emerging technologies are characterized by their radical novelty, relatively fast 

growth, prominent impact, uncertainty, and ambiguity. Due to these characteristics, the 

public acceptance of emerging technologies –such as drones– is difficult to ascertain.  

Understanding whether the use of drones would be accepted by the public is important for 

policymakers, safety and emergency agencies, and the industry. First, it is important for 



policymakers who take their decisions based on public attitudes, especially towards public 

safety [6]. Second, without a careful analysis of public acceptance and the design of an 

implementation plan, the public might perceive that safety and emergency services are 

making unlawful use of drones, compromising public confidence in safety and emergency 

agencies [7]–[9]. Third, public rejection might result in negative publicity for the 

commercialization of drones, negatively affecting the market [10]. Accordingly, the 

successful implementation of a drone project will have to take account of public acceptance 

towards drones and other influencing variables.  

Within the general field of safety and emergencies, the use of drones has been 

explored, particularly for search and rescue applications [11], [12], such as shark sightings 

from the shore [13], [14], distress in athletics competitions [15], beach usage [16], and crowd 

control [17]. In Spain, a highly tourist-dependent country, rescue drones can be implemented 

for surveillance, and search and rescue tasks along its 5978 km of coastline. According to the 

National Drowning Report of the Royal Spanish Lifesaving Federation, 440 people died in 

Spain from drowning in 2019, amounting to a total of 2,146 since 2015. Among these 

incidents, approximately 50% took place on beaches, and over 80% in situations without 

lifeguard services. In these cases, the lack of surveillance can be understood as one of the 

main causes of drowning. Since drowning typically occurs on isolated beaches, situated far 

from urban environments, the absence of lifeguard services is, in some cases, accompanied 

by the absence of other beachgoers who might otherwise be able to assist the person at risk 

of drowning.  

Rescue drones offer rescue services with some advantages over human lifeguards. 

Firstly, rescue drones can control larger areas since they operate from the sky. Secondly, 

rescue drones are faster, thus reducing the response time to an off-shore emergency at sea. 

Thirdly, rescue drones can operate under conditions that might be too dangerous for human 

rescuers, thus preventing further loss of life in emergency situations. Finally, rescue drones 

can, through smart sensors, gather useful information for future interventions. However, 

despite their many advantages, rescue drones are not extensively used in practice [18].  

A solid understanding of public acceptance of drones is important to ensure their 

successful implementation [19], [20]. Most public acceptance studies have analyzed the 

factors that determine whether an individual would adopt and use a specific technology. 

Among the technologies under analysis, studies can be found on the factors that determine 

the acceptance of mobile applications [21]–[24], Internet services [25], [26], and robots [27]–

[32]. However, public acceptance of technologies used by such institutions as the police or 

the emergency services has been addressed in fewer studies. Studies on public acceptance of 

drones are among the exceptions. Empirical research conducted to date has explored a 

number of issues related to drone use, such as the best accepted definition of a drone [33], 

[34], the influence of knowledge, risk perception, and socio-demographic factors on 

acceptance [35], and the type of use that might receive the most public support [36].  

So far, we are unaware of any study in Spain that has analyzed the public acceptance 

of the use of drones for rescue purposes. This study is the first empirical approach to the 

public acceptance of beach-rescue drones in the Spanish context. It is, to date and to the best 

of the authors’ knowledge, the only study to have been focused on the specific field of 

lifeguards. The aim of this study is to understand whether beach users in Spain would accept 

the use of lifesaving drones, as well as the factors that may be associated with public 



acceptance. In the background section, previous research on public acceptance of the use of 

drones will be summarized. We will then present the objectives and hypotheses for this study. 

In the methodology section, we will describe the variables, the sample and the procedure 

carried out to implement the questionnaire and to analyze the data. The results will then be 

presented and discussed in relation to previous research on the public acceptance of drones. 

Finally, the potential implications of the results obtained for future projects on the 

implementation of rescue drones will be discussed. 

2. Literature review 

Studies conducted on public acceptance of drones differ slightly from those conducted on 

other technologies such as mobile phones [22] or robots [28], [31]. Studies on the acceptance 

of drone use by third parties are addressed using two approaches. On the one hand, the 

comparative analysis of drone use by situations and, on the other, the risk perception, privacy 

concerns, and perceived benefits associated with drone use. Both approaches are discussed 

in the following paragraphs. 

2.1. Usage context-dependent public acceptance 

The research review by the authors suggests that the public acceptance of drones will depend 

on the usage context, with most acceptance for drones expressed in relation to security-

related applications –such as crime detection and investigation, national security defense, and 

emergency search and rescue [36]–[38]. A survey conducted in the US found that 80% of 

respondents would support the use of drones for search and rescue missions, followed by 

other policing activities such as tracking criminals, giving speeding tickets, and controlling 

illegal immigration [39]. These results were later confirmed in another study [37], which 

revealed that 57% out of a sample of 2,119 participants supported the use of drones for all 

applications, search and rescue (88%), homeland security (67%), and fighting crime (63%); 

areas with greater support than, for example, commercial applications (61%). Thompson and 

Bracken-Roche [40] in Canada affirmed that 75.3% of participants would accept the use of 

drones for search and rescue operations.  

However, public acceptance was lower when drones were used by private 

corporations, industry, or law enforcement agencies for routine policing activities –e.g., 

issuance of speeding tickets and routine patrols [41]–. In a later study on the acceptance of 

drones with five different policing applications, it was found that 94% of the sample 

population would accept the use of drones for search and rescue operations, and 76% for 

border patrol [42]. However, the acceptance levels decreased when drones were used for 

detection of criminal activity in open public spaces (57%) or for mass control (47%). In the 

same vein, in the study conducted by Lidynia et al. [43], participants reported the acceptance 

of a drone flying over their property only in rescue and emergency situations. These results 

were later confirmed in other studies, in which military and policing applications were seen 

as more acceptable when compared with others, such as hobby-related, commercial, delivery, 

and scientific applications [35], [36]. In particular, positive attitudes towards search and 

rescue, delivery of rescue floats, and emergency response applications were found among 

participants [35]. These results contrast with other studies that found low public support for 

drones with security functions [34], [44]. Similar results may be foreseen in the Spanish 



context, and our initial expectation was that the sample population would express general 

acceptance towards the use of drones for beach-rescue applications.  

2.2. Perceived risks and benefits 

Second, we also found a considerable amount of research that was aimed at measuring the 

perceived risks and privacy concerns regarding the use of drones. In general, these studies 

follow the general pattern described in a consistent manner in social science studies: people 

make their decisions based on their motivation to avoid loss or to prevent damage rather 

than to gain or to promote benefits [45], [46]. The concept used in the literature on public 

perception of drones is ‘risk perception’. Risk perception is described by Renn and Benighaus 

[47] as the processing of ‘physical signals and/or information about potential hazards and 

risks associated with a technology and the formation of a judgment about seriousness, 

likelihood, and acceptability of this technology’.  

Studies have found that risk perception depends mainly on the applications of the 

drone rather than on its characteristics or conditions of use, such as who is piloting it. As 

such, Clothier et al. [33] found no significant differences in risk perception between 

autonomous and manned aircraft, and concluded that risk perception for both cases was low. 

Lidynia et al. [43] in their study in Germany found that respondents’ knowledge that an 

accredited pilot was controlling the drone had no effect on their risk perception, and 

concluded that the most important barrier to the acceptance of drones was the anonymity 

of the pilot [43]. Consistently, Klauser and Pedrozo [36] found that between 28 and 36% of 

participants associated privacy issues with the use of military or police drones, an association 

that rose to 62% in the case of commercial and hobby drones. However, more recent studies 

have found that the perceived privacy risks of drone use were overwhelming [44] [4]. In 

particular, Nelson et al. [4] found a greater concern for privacy when drones are used by the 

government rather than, in comparison, private or commercial firms.  

Finally, the influence of the perception of benefits has also been explored in the 

literature of public acceptance of drones, although less extensively than risk perception. In 

his study, Boucher [48] found that public acceptance of civil drones depended on the 

perception of social benefit, which in turn was related to the perceived legitimacy attributed 

to the pilot. The same result was reached by Thompson and Bracken-Roche [40] in Canada. 

The authors found that participants were more likely to accept the use of drones for those 

applications involving helping people at risk. Lastly, Russell [49] in his doctoral dissertation, 

evaluated the influence of perceived benefits among fire chiefs on the adoption of drones, 

and determined that perceived benefits to operations was a predictor of their adoption. Based 

on the research conducted to date, we expect to find low levels of risk perception and higher 

levels of perception of benefits towards the use of drones for rescue purposes. We also 

expect to find a positive association between public acceptance of rescue drones and the 

perception of benefits and a negative association with the perception of risks. 

2.3. Attitudes 

Together with perceived benefits and perceived risks, attitudes toward technology is the 

other factor that has been explored more than any other in the literature on the public 

acceptance of technologies [10]. Attitudes towards a technology have been defined as the 



result of weighing up non-separate beliefs [50]. Likewise, the perception of benefits and the 

perception of risks have been studied as mediating factors within those attitudes [51], as well 

as factors that directly influence the public acceptance of technologies [10]. Research on 

drones has found that the general public express neutral or consenting attitudes, rather than 

negative attitudes toward drones [43]. Negative public attitudes toward the use of drones are 

related to concerns about drones flying overhead and privacy violations whenever a drone 

may be equipped with cameras [43], [52]. In the context of a dedicated beach-rescue drone 

equipped with cameras and other smart sensors, it will in all probability circulate over bathers, 

to monitor those at risk of drowning and, if necessary, to rescue an individual by dropping a 

lifejacket. People who express neutral or positive attitudes towards the fact that a drone is 

flying over them or filming them may be expected to show higher levels of acceptance of 

this technology when compared to those with negative attitudes towards the deployment of 

drones flying over a beach. 

2.4. Individual differences 

Individual factors have been also explored in the literature of public perceptions towards the 

use of drones [10]. In general, differences in perceptions according to age and gender are the 

two variables that have been explored most of all. Research has found that older people are 

more supportive of the use of drones compared to younger people, especially for rescue and 

emergency uses [42], [52]. With regard to gender, research has shown that women are less 

supportive of drone use and more concerned about privacy than men [35], [42], [53]. In 

contrast, educational levels of interviewees appear to have no effect on their public 

perceptions of drones [35], [42]. In addition to the above-mentioned socio-demographic 

characteristics – in the specific context of beach rescue –, it is expected that other personal 

variables may be associated with the rejection or acceptance of drones, such as the number 

of children under supervision at a beach, levels of self-confidence at swimming, drowning 

rescue training and first-aid skills when assisting a person at risk of drowning, and familiarity 

with the beach where the rescue drone may be deployed. However, little or no research that 

explores the association of those variables with public acceptance of rescue drones has been 

found. Thus, despite its relevance, the number of children under supervision has scarcely 

been considered as a variable that links supervision to child-injury risk on beaches and other 

aquatic environments [54]–[56]. Lack of appropriate supervision is a persistent risk factor in 

most drowning incidents on beaches that involve children and is always associated with a 

high risk of drowning when swimming. However, little is known about parent or child-carer 

supervisory practice and their perceptions of swimming safety at beaches [57]. We therefore 

expect to find that adults with children under their care will show higher levels of acceptance 

and will recognize the perceived benefits of the use of rescue drones on the beach. 

 Self-confidence has been explored, particularly in relation to child supervision and 

perceptions of risk in aquatic environments. Although there is still a major research gap, 

some research has shown that the self-confidence of parents reduces their perceptions of 

any need for supervision [58]. Specifically in open water environments –such as seaside 

beaches –, male parents were reported to be more likely to underestimate the risk, due to 

greater confidence in their own swimming fitness levels, estimated swimming competence, 

and the perception that they were safer in open water than others [59]. These results have 



been corroborated in other studies with the general population, finding that personal self-

confidence in swimming skills (swimming frequency, better self-reported swimming skills, 

and previous at-risk swimming behaviors) were all associated with lower perceptions of risk 

[60]. In concordance with these studies, we expect that perceived self-confidence and rescue 

capacity on the beach will be negatively related to public acceptance of rescue drones.  

Finally, in a study on the acceptance of the use of drones for shark-bite mitigation, it was 

found to be more widely accepted among surfers, as they were the ones who frequented the 

beach more than any others [14]. In this study, we analyzed the frequency of beach use, to 

ascertain whether frequent beachgoers would show greater willingness to accept the use of 

drones as technological lifeguards. 

In summary, research conducted to date has shown that public acceptance of drones 

is determined by usage context and perceptions of risk or benefit. However, we have found 

a lack of research on the factors influencing public acceptance of drones for specific uses, 

such as rescue and emergency. We consider further research focused on specific uses is 

required, as it would allow the exploration of additional variables associated with public 

acceptance, such as attitudes towards drones and socio-demographic characteristics. We 

believe that the association of these variables with the public acceptance of drones, despite 

having been included in other studies on public acceptance of technologies [10], should be 

further explored in specific user contexts. In this study we aim to deepen our understanding 

of the variables that influence public acceptance of drone use in the specific context of beach-

rescue and off-shore sea emergencies.  

3. The present study 

Drones represent a technology of great potential for surveillance and rescue operations on 

beaches. However, there is still little empirical evidence on the nature of public opinion 

towards the use of drones in the context of rescue in Spain. Using a sample of 3363 

respondents, the current study was designed to advance research into public opinions 

towards drones by pursuing three objectives: (1) to determine to what extent the public 

accepts the use of drones for search and rescue applications on beaches; (2) to determine 

whether public acceptance of rescue drones is associated with the perceived benefits, the 

perceived risks, the attitudes towards drones, the perception of self-confidence and the self-

perceived rescue capacity; and, (3) to determine whether public acceptance of rescue drones 

differs across socio-demographic and context-dependent variables: specifically, the presence 

of human rescue services at the beach and the condition of having children under one’s care.  

4. Methodology 

4.1. Questionnaire 

An ad hoc questionnaire to assess public acceptance of the use of rescue drones on beaches 

and the associated factors was designed. The questionnaire was structured into eight sections 

containing 25 questions. Our dependent variable was the public acceptance of rescue drones, 

which we measured with two questions, one measuring the behavioral acceptance –question 

3–, and the other measuring acceptance through judgement –question 4–. We used a 4-point 



Likert scale to rate the responses (1 = ‘strongly disagree’, 2 = ‘disagree’, 3 = ‘agree’, and 4 = 

‘strongly agree’).  

The variables that determine the public acceptance of drones are scarcely explored. 

Research focused on specific applications of drones is even more limited. So, to define our 

independent variables we followed the few available studies on public acceptance of drones 

[8], [33], [43], which we complemented with previous research on public acceptance of other 

technologies [10], [28]. In the specific context of beach rescue, we expect the variables related 

to public acceptance of drones to be perceived risks, perceived benefits, attitudes towards 

drones, self-confidence at the beach, and perceived rescue self-efficacy. Along with the two 

items designed to measure our dependent variable – public acceptance – we developed 14 

others to measure the independent variables – four for perceived benefits, three for perceived 

risks and self-confidence at the beach, and two for attitudes towards drones and self-perceived 

rescue capacity. The list of 16 items was examined through an exploratory factor analysis 

(EFA) to check its validity. The Kaiser-Meyer-Olkin measure of sampling adequacy was .79, 

above the commonly recommended value of .6, and Bartlett’s test of sphericity was 

significant (χ2 (120) = 18826.1, p < .001). The communalities were all above .3 (see Error! 

Reference source not found.), further confirming that each item shared some common 

variance with other items. The factor loading matrix for the final solution is presented in 

Error! Reference source not found.. Composite scores were created for each of the six 

factors, based on the mean of the items which had their primary loadings on each factor.  

Internal consistency for each of the scales was then examined using Cronbach’s 

alpha. For all the factors, an alpha greater than .70 –the alpha recommended for exploratory 

studies– was obtained [61]. Additionally, we collected socio-demographic characteristics –

sex, age and education level–, and the numbers of children under supervision at the beach 

when the data collection took place, in order to test individual differences related to the 

public acceptance of dronesi. We also expected that public acceptance would be influenced 

by the number of years participants had been visiting the same beach, and the number of 

days they would visit the beach during the month of the fieldwork (August). Finally, we 

established whether or not the beach had lifeguard services. The entire survey and the 

Cronbach’s alpha values are provided in  

Appendix A.  

 

Table 1. Factor loadings and communalities based on Principal Component Analysis (PCA) 

with varimax rotation for 16 items (N = 3356). 

 Componentsi 

Communalities 
 1 2 3 4 5 6 

Even if rescue drones were used, I would still 
visit this beach 

.89      .83 

Even if rescue drones were used, I would still 
like this beach 

.85      .85 

A rescue drone would be useful to me, in case 
something happened to me on this beach 

.52 .60     .67 

A rescue drone would be useful, in general, for 
people, in case something happened to them 
on this beach 

.50 .56     .61 



 Componentsi 

Communalities 
 1 2 3 4 5 6 
Rescue on this beach would be improved by 
the drones 

 .75     .64 

The rescue drones would reduce the number 
of drownings on this beach 

 .80     .67 

A rescue drone is a dangerous object   .75    .68 
It’s very likely that a rescue drone will harm a 
person 

  .81    .67 

It’s very likely that a rescue drone will scare a 
person 

  .76    .65 

If a rescue drone filmed me, it might bother me       .91 .83 
If a rescue drone flied over me, it might bother 
me  

     .90 .82 

I am a great swimmer    .76   .64 
I feel absolutely safe when I bathe at this beach    .81   .66 
I can always reach the shore under any 
circumstances 

   .79   .63 

In case a child is drowning, I am fully capable 
of saving him/her 

    .90  .85 

In case an adult is drowning, I am fully capable 
of saving him/her 

    .90  .85 

Note: Rotation converged on 6 iterations. Factor loadings < .4 are suppressed. i Percentage of 

variance explained by each factor: Factor 1 = 2.6.5%; Factor 2 = 15.5%; Factor 3 = 10.2%; Factor 4 

= 7.4%; Factor 5 = 7.4%; Factor 6 = 5.4%. Total percentage of variance explained = 72.22%. KMO 

= .787. 

4.2. Participants 

A total of 3925 beach users were surveyed in Cádiz –South of Spain–. We identified 562 

cases as incomplete, so we removed them from the data set. Our final sample included 3363 

beach users. 1579 men (47.1%) and 1777 women (52.9%), ranging from 10 years to 87 years 

of age (M = 39.7, SD = 15.7), and mostly from Spain (n = 3284, 97.9%), resident in the 

province of Cádiz (n = 2320, 69.1%). Out of the 68 foreign participants, 65.3% were 

European, 26.4% were from a South American country, one from North America (1.4%), 

and one from Australia (1.4%). We found that 79.9% had spent their summers on the same 

beach for at least five years, with a mean number of 19.5 years (SD = 15.8) visiting the same 

beach. The survey was carried out at five beaches in Cádiz: La Cortadura (n = 1044; 31.1%), 

La Victoria (n = 1068; 31.1%), La Caleta (n = 286; 6.6%), Santa María del Mar (n = 299; 

5.2%), and Valdelagrana (n = 573, 17.1%). La Cortadura has no lifeguard services, unlike the 

other beaches (66.3% of the sample). The distribution of the characteristics of the sample 

can be found in Table 2. The frequencies and percentages corresponding to each category 

are shown for the categorical variables, while the range, the mean (M), the standard deviation 

(SD), and the median (Md) are displayed for the quantitative variables. 

 

 

Table 2. Descriptive statistics for the socio-demographic and contextual variables (N = 

3356). 

Variable n % Min. M SD Md Max. 



Sex        

 Male 1579 47.1      

 Female 1777 52.9      

Age        

 < 18 228 6.8      

 18-25 561 16.7      
 26-40 949 28.3      

 41-64 1345 40.1      

 > 64 273 8.1      

 Total   10 39.7 15.7 40 87 

Education        

 None 180 5.4      

 Primary school 569 17      

 Secondary school 862 25.7      

 Higher vocational education 551 16.4      

 University 1183 35.3      

Minors at care        

 No 2204 65.7      

 Yes 1152 34.3      

 Total   0 0.34 0.47 0 6 

Nationality        

 Spanish 3284 97.9      

 Non-Spanish 68 2      

Beach        

 La Cortadura 1044 31.1      

 La Caleta 286 8.5      

 La Victoria 1068 31.1      

 Santa María del Mar 299 8.9      

 Valdelagrana 573 17.1      

Availability of rescue services        

 Yes 2226 66.3      

 No 1044 31.1      

Years visiting the same beach   0 19.5 15.8 15 75 

Days will visit the same beach   1 12.5 8.6 10 31 

 

4.3. Data collection and analysis                                                                                                                                                                                                                                                                                                                                                                    

The questionnaire was administered in August and September 2017 on the beaches 

of La Cortadura, La Victoria, La Caleta, Santa María del Mar and Valdelagrana, all of them 

located in the province of Cádiz (Spain) (see Note: * The interviewer noted the beach where 

the participant was surveyed. 
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Appendix B). Six undergraduate research assistants visited the beaches every day throughout 

August to identify possible participants. Each beach was divided into geographical zones at 

a distance of 50 meters from the beach-sea line and each zone was numbered. Every day, 

three zones were randomly selected from each of the beaches and the researchers – 

identifiable by their cap, t-shirt and backpack from the University of Cádiz – were informed 

of the three zones where they would administer the survey to the beach users. First, the 

beach users were asked to consent to their participation in a study conducted by the 

University of Cádiz. Potential participants then listened to an explanation of what an 

autonomous beach-rescue drone is and how it operates. They were presented with a scenario 

in which a drone processes video images that are interpreted to be of a drowning person and 

it therefore approaches the scene to drop a life-jacket. We then asked if they had understood 

the scenario. If they answered affirmatively, the questions were asked and their answers were 

collected using the 1ka survey application [62]. All questions addressed the specific use of 

rescue drones on beaches. When the respondents were children, verbal consent was 

requested from their parents or carers, informing them that no private data from the children 

would be collected. Participation in the study was voluntary and no incentives were given to 

participants. 

5. Results 

5.1. Public acceptance of rescue-drones                                                                                                                                                                                                                                                                                                                                                                    

The results showed that public acceptance of rescue drones was moderate (Min. = 1, M = 

2.9, SD = .8, Md = 2.5, Max. = 4). Analyzing by questions, we found that the participants 

scored slightly higher on the question of whether they would still visit the beach, if the drones 

were used (Min. = 1, M = 2.9, SD = .9, Md = 3, Max. = 4), than on whether they would still 

like the beach (Min. = 1, M = 2.9, SD = .8, Md = 3, Max. = 4). The responses to whether 

they would also visit the beach are mostly concentrated on the options ‘disagree’ and 

‘strongly agree’, as can be seen in Table 3. The responses to whether they would also like the 

beach, however, are more or less equally scattered between the options ‘disagree’ (n = 1051, 

3%), ‘agree’ (n = 1249, 37.2%), and ‘strongly agree’ (n = 1015, 30.2%). Based on the results, 

both variables were significantly correlated, r(3354) = .8, p < .001.  

In the analysis of the percentage of respondents who would accept the use of rescue 

drones, we created two dichotomous variables by grouping the responses ‘strongly disagree’ 

and ‘disagree’ as 0 = ‘no’, and ‘agree’ and ‘strongly agree’ as 1 = ‘yes’ for both questions –

would still visit the beach, and would still like the beach–. Specifically, we found that 49.1% 

of participants (n = 1648) reported that in cases where rescue drones were used, they would 

still visit and like the beach. These are considered as public acceptance of rescue drones. On the 

other hand, 29.5% (n = 990) of the sample reported that they would neither visit nor like the 

beach were drones ever used, which can be understood as rejection of rescue drones. Finally, 

18.4% (n = 616) of participants reported they would still like the beach, but would not visit 

it, were drones used, and only 3% (n = 102) reported that they would still visit the beach 

even though they would not like it. Both options are considered rejection of rescue drones. 
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In summary, we observed from the results that participants scored moderately on both the 

behavioral item –frequency of visit the beach– and the cognitive item –liking the beach-, 

suggesting that public acceptance of rescue drones is not only due to the resignation of 

participants wishing to frequent the beach that they can, but also to a real acceptance of the 

technology. 
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Table 3. Descriptive statistics for the study variables (N = 3356) 

Variable 
Strongly 
disagree 

Disagree Agree 
Strongly 

agree M SD 

n % n % n % n % 

Public acceptance (PA)         2.97 .84 
 Even if rescue drones were used, I would still visit this beach 20 .6 1586 47.3 181 5.4 1569 46.8 2.98 .98 
 Even if case rescue drones were used, I would still like this beach 41 1.2 1051 31.3 1249 37.2 1015 30.2 2.96 .82 
Perceived benefits (PB)         2.73 .70 
 A rescue drone would be useful to me, in case something happened to me on 

this beach 
166 4.9 1710 51 584 17.4 896 26.7 2.66 .93 

 A rescue drone would be useful, in general, for people, in case something 
happened to them on this beach 

130 3.9 1632 48.6 558 16.6 1036 30.9 2.74 .94 

 Rescue on this beach would be improved by rescue drones 60 1.8 1468 43.7 942 28.1 886 26.4 2.79 .85 
 Rescue drones would reduce the number of drownings on this beach 77 2.3 1668 49.7 722 21.5 889 26.5 2.72 .88 
Perceived risk (PR)         1.79 .49 
 A rescue drone is a dangerous object 1003 29.9 2182 65 111 3.3 60 1.8 1.77 .59 
 It’s very likely that a rescue drone will harm a person 1328 39.6 1805 53.8 209 6.2 14 0.4 1.67 .61 
 It’s very likely that a rescue drone will scare a person 714 21.3 2235 66.6 347 10.3 60 1.8 1.93 .62 
Attitudes towards drones (AT)         1.95 .71 
 If a rescue drone filmed me, it might bother me 876 26.1 1907 56.8 296 8.8 277 8.3 1.99 .82 
 If a rescue drone flew over me, it might bother me  970 28.9 1877 55.9 363 10.8 146 4.4 1.91 .75 
Self-confidence at the beach (SC)         2.21 .60 
 I am a great swimmer 442 13.2 2174 64.8 596 17.8 144 4.3 2.13 .68 
 I feel absolutely safe when I bathe at this beach 271 8 2125 63.3 478 14.2 483 14.4 2.35 .82 
 I can always reach the shore under any circumstances 413 12.3 2233 66.5 412 12.3 298 8.9 2.18 .75 
Self-perceived rescue capacity (RC)         1.94 .67 
 In case a child is drowning, I am fully capable of saving him/her 702 20.9 2135 63.6 409 12.2 110 3.3 1.98 .68 
 In case an adult is drowning, I am fully capable of saving him/her 1020 30.4 1727 51.5 481 14.3 128 3.8 1.92 .77 
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5.2. Factors associated with the public acceptance of rescue-

drones                                                                                                                                                                                                                                                                                                                                                                  

The correlations between the public acceptance of rescue-drones and all the 

dependent variables were examined using Pearson’s correlation matrix that is summarized in  

Table 4. Strong correlations were found between public acceptance and perceived benefits 

and between public acceptance and perceived risks. However, correlation scores can only 

indicate that variables are related, but cannot provide the direction of such influence. We 

therefore performed a OLS regression analysis to respond to our second objective (Durbin 

Watson = 1.8; VIF for all variables ranging from 1 to 1.5).  

 

Table 4. Correlation matrix for study variables 

 PA PB PR AT SC RC Children Age Years Days 

PA -          

PB .60** -         

PR -.39** -.47** -        

AT -.07** -.09** .16** -       

SC .07** .05** -.04* -.08** -      

RC .00 .00 .00 -.08** .35** -     

Children .00 .00 .02 .02 .00 .05** -    

Age .01 .01 .09** .13** -.15** -.12** .13** -   

Years .02 .00 .04* -.01 -.09** -.05** .06** .44** -  

Days -.04* -.08** .10** -.02 .01 -.01 .00 .13** .36** - 

Note: significant correlations at levels **p<0.01 and *p<0.05. 

 

 The results of the OLS regression are summarized in Table 5. We found that the 

variable perceived benefits was associated with greater public acceptance of rescue drones. 

Conversely, the variable perceived risks was associated with lower public acceptance of 

rescue drones. We obtained these results regardless of whether the beach has human 

lifeguard services. We also observed that self-confidence in one’s own swimming skills was 

slightly associated with greater public acceptance of human-rescue services on the beaches. 

In spite of having obtained significant associations between social acceptance and attitudes 

towards drones [X2 (36, n = 3356) = 217.9, p < .001], self-perceived rescue capacity [X2 (36, 

n = 3356) = 160.5, p < .001], and number of children under care [X2 (36, n = 3356) = 58.4, 

p < .05] in the bivariate analyses, the results for the OLS regression were not significant for 

these variables. This model explains 37% of the variance in public attitudes towards rescue 

drones and their acceptance.  

 

 Table 5. OLS regression model for the public acceptance of rescue drones for the total 

sample and depending on the availability of human rescue services on the beach. 

  

General 

Human rescue services at the beach 

  Yes  No 
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Variable B SE B SE B SE 

Constant 1.59 .11 1.48 .13 1.71 .20 

Perceptions towards drones       

 Perceived benefits .64*** .02 .66*** .02 .61*** .04 

 Perceived risks -.25*** .03 -.25*** .04 -.30*** .05 

 Attitudes .00 .02 .01 .02 -.00 .03 

Individual characteristics       

 Self-confidence .05** .02 .06** .03 .03 .04 

 Perceived rescue capacity -.01 .02 -.02 .02 .00 .03 

 Number of children in care .00 .01 -.00 .01 .02 .03 

 Age .00 .00 .00 .00 -.00 .00 

Context       

 Years visiting the beach .01 .00 .00 .00 .00 .00 

 Days spend at the beach .01 .00 .00 .00 .00 .00 

RSE .67 .66 .67 

R2 .38 .38 .38 

Adjusted R2 .37 .38 .37 

No. observations 3284 2187 1017 

Note: B = unstandardized coefficient, SE = standard error. ** p < .05, *** p < .001.  

5.3. Socio-demographic and contextual differences                                                                                                                                                                                                                                                                                                                                                                

We carried out T-student and ANOVA tests to explore the different levels of public 

acceptance of drones according to socio-demographic and contextual variables. We found 

that the levels of public acceptance towards rescue drones reported by both male and female 

participants hardly differed, t(3354) = -.014, p = .99. Neither educational level [F(3, 3340) = 

1.09, p = .36] nor children under supervision [t(3354) = -1.23, p = .22] were associated with 

significantly different levels of drone acceptance. However, we did find statistically 

significant differences according to the nationality, and the presence of rescue services at the 

beach. Specifically, we found that Spanish beachgoers would accept the implementation of 

rescue drones (M = 2.9; SD = .8) to a greater extent than non-Spanish beachgoers (M = 2.7; 

SD = .9); t(3350) = -2.4, p < .05; d = -.3. Regarding the presence of rescue services at the 

beach, participants from beaches with lifeguard services reported lower levels of public 

acceptance (M = 2.9; SD = .8), than those surveyed on beaches without rescue services (M 

= 3.04; SD = .8); t(3269) = 2.5, p < .05; d = .1. Assuming a significance level of  = .05, 

Levene’s test indicated unequal variances for the age (F = 2.6, p = .03), so we conducted the 

non-parametric Kruskal-Wallis test. We found no significant differences for drone 

acceptance across age groups (X2 = 7.9, p = .095) (see Figure 1). 

 The regression analysis showed that the variables associated with the public 

acceptance of rescue drones are perceived benefits and perceived risks, so we also 

investigated the significance of socio-demographic differences within the sample in relation 

to both variables. To do so, independent T-test and ANOVA tests were performed. The 

differences in perceived benefits were the first to be examined. The results showed that those 

participants surveyed at beaches without human rescue services perceived more benefits for 

the use of rescue drones (M = 3.04; SD = .85) than those at beaches with human rescue 
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services (M = 2.96; SD = .84), t(3268) = 9.45, p < .001; d = .4. Besides, the group reporting 

higher levels of perceived benefits was formed of participants under 18 years old (M = 2.92; 

SD = .69), followed by those over 64 years old (M = 2.79; SD = .75). The group who reported 

lower levels of perceived benefits was formed of middle-aged participants (26 to 40 years 

old) (M = 2.67; SD = .69), F(4, 3351) = 6.61, p < .001; η2 = .01 (see Figure 1). No significant 

differences were found between male and female participants [t(3354) = -.624; p = .539], nor 

by educational level [F(4, 3340) = 1.27, p = .281], nor by nationality [t(3350) = -1.32, p = 

.186]. 

 

Figure 1. Differences in the mean for public acceptance, perceived benefits, and perceived 

risks of the use of beach-rescue drones across age intervals. 

 
 

 

Finally, we found statistically significant differences in risk perception according to 

the age [F(4, 3351) = 6.49, p < .001; η2 = .01] and the educational levels of the participants 

[X2 = 21.89, p < .001], as well as according to the presence of human rescue services at the 

beach [U = 1018545.5, p < .001]. Specifically, we found that participants older than 64 years 

reported higher levels of risk perception (M = 1.89, SD = .54), than younger participants 
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(see Figure 1). By educational level, we found that those with no studies perceived greater 

risks that they associated with the use of drones (M = 2, SD = .63), than the rest of the 

sample. Finally, participants surveyed on beaches with human lifeguard services perceived 

higher risks (M = 1.82, SD = .47) than those surveyed on beaches without lifeguard services 

(M = 1.72, SD = .52). No significant differences were found between male and female 

participants [U = 1388610.5, p = .595], nor by nationality [t(3350) = -.51, p = .608]. 

6. Discussion 

As citizens become more risk-adverse and susceptible to expect prompt responses, drones 

can make an important contribution to safety and emergency management. Complementing 

the service provided by humans, the incorporation into lifesaving tasks of the drone will be 

one of the major growth areas in the deployment of this technology. At present, 

technological barriers to the addition of new safety and emergency services are hardly present 

and any legal barriers are gradually being removed. Therefore, the decision over which 

emergency areas should benefit from their implementation is now firmly on the agenda of 

policy makers, as is a careful analysis of the process of public acceptance of this technology 

and the information campaigns of city councils and rescue and emergency agencies. The 

general objective of this study was to advance and to deepen in the understanding of public 

acceptance of drones, specifically in the context of beach lifesaving. To address this goal, the 

public acceptance of drones on the beaches of Cádiz is, in this study, examined, in relation 

to a set of associated variables.  

With regard to public acceptance, we found that 52.3% of respondents would 

continue to visit the beach even if rescue drones were used, while 47.8% said that they would 

not visit it. On the other hand, 67.5% said they would still like the beach, although 18.4% 

would not visit it. These results allow us to draw several conclusions. We understand that 

the participants who would accept the rescue drones are those who would continue to visit 

the beach and would still like it (i.e., 49.1%). The attitudes reported by some participants, 

who would still visit the same beach, even though they would not like it if rescue drones 

were used, can be also considered as public acceptance. Beyond the reasons for which they 

would continue to go to the same beach (e.g., resignation, impossibility of changing beaches, 

etc.), the behavior of these participants would imply acceptance of the presence of the 

drones, regardless of whether they support it. In other words, those are the individuals who, 

despite not supporting a policy, would be willing to accept it [63]. However, those people 

who would still like the beach, but would not visit it, cannot be considered as cases of public 

acceptance. They might after all still like the beach for some other reasons (e.g., because the 

beach is well located), unaffected by the installation and use of rescue drones. 

Understanding that only those participants who answered positively to the two items 

would be those who would accept the implementation of rescue drones, the conclusion is 

that public acceptance is lower than in those investigations conducted on non-specific usage 

contexts. Hence, 49.1% of participants who would accept the use of lifesaving drones on 

beaches is far from the high levels of support obtained in other research papers [35]–[37], 

[39], [40], [42], [43]. From our results, two possible explanations come to mind. First, 

following the discussion by Sakiyama et al. [42], we have argued that this result may simply 

reflect the greater clarity or the lesser ambiguity in relation to people’s perceptions of this 
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specific public safety objective. The public are accustomed to perceive reactive responses 

from the emergency services: often called to the scene of an incident only when a member 

of the public needs help, the emergency services hardly interfere in the life and the routines 

of citizens. Consistently, those technologies used for reactive actions -including the use of 

drones- would be better accepted than those of a proactive nature. In addition to this 

explanation, search and rescue operations often take place in remote areas. When people are 

asked –in general terms– to think of a search and rescue operation, their stereotypical image 

may refer to a mountainous area or to open spaces with few inhabitants. Re-entering the 

discussion by Sakiyama et al. [42], the public’s concern about being watched in these open 

and unoccupied spaces are less likely to be expressed. However, our study examined the 

acceptance of drones in the context of beach rescues located in densely populated urban 

spaces. In these places, where the presence of drones would be more visible than in remote 

contexts, we found less acceptance for their implementation. 

Another possible explanation for the lower level of public acceptance of drones that 

the results reflect when compared to similar studies is that we chose to measure public 

acceptance in an indirect way. Most studies measure public support for drone 

implementation with dichotomous measures (support vs. opposition) [37], [39], [42], or with 

scales of strong opposition to strong direct support [34], [35]; that is, they directly ask 

whether they would support or oppose drone implementation for a list of applications. We 

were not as interested in whether or not they would support the technology, but in whether 

their behavior would change, were the technology implemented. Given that the Spanish and 

particularly Cádiz’s economy depends largely on tourists from abroad, often generated 

around offshore tourism activity, our interest in this study was largely focused on whether 

the implementation of lifesaving drones would not change the behavior of beach users.    

In this study we found that the perceived benefits and the perceived risks are the two 

factors most strongly associated with public acceptance. In particular, we found that 

perceived benefit is the variable with the greatest effect on public acceptance of drones (ƞ2 

= 0.28), in line with other studies that have measured public acceptance of drones [40], [48], 

[49], as well as studies on other technologies [64]. In terms of risk perception, our results 

were more in line with studies that found low-risk perceptions for the use of drones [33], 

[36], in contrast with studies that associated a very high risk with their use [4], [44]. 

In our study, we introduced the analysis of the presence of lifeguard services on 

beaches in relation to public acceptance of drones. The results showed that the presence of 

human lifeguard services was associated with lower perceived benefit, higher perceived risk 

and, consequently, lower public acceptance of lifesaving drones. These results are consistent, 

as drones are more likely to be perceived by the participants as unnecessary in the presence 

of human rescue services. In contrast, the fact that public acceptance of drones is higher on 

isolated beaches, without lifeguard services, suggests that participants might understand the 

use of drones as an alternative to human lifeguards. Future analysis could examine other 

options that would be preferred by bathers and beachgoers with no lifeguard services. 

This study also has implications for the literature. First, it advances our knowledge 

of the variables related to public acceptance of drones by introducing two main innovations: 

(1) the fieldwork was carried out for the first time in Spain; and, (2) the study focused on a 

specific application of drones rather than on a comparison between different applications. 

Further studies are therefore essential with other applications, to test the reproducibility of 
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these data-collection techniques. This study should be understood in the general framework 

of studies on public acceptance of drones, and can be considered as an example of focusing 

on a specific area of application: beach-rescue drones. And second, the results support the 

association of perceived risks and perceived benefits with the public attitudes towards 

acceptance of rescue drones. Future studies may use these results as a basis for adding 

variables to the study to complement their model in various ways, such as the mediating roles 

of the physical characteristics of drones, privacy concerns, and trust in human emergency 

services, among others. 

This study also has implications for practice. Implementation programs for rescue 

drones should include public information campaigns providing detailed information on the 

benefits of their use. In particular, they should address (1) their effectiveness in reducing 

response times; and, (2) their advantages in areas without human rescue services. In addition, 

explaining to the population that drones are low risk should also be included as part of the 

implementation strategies. In particular, beaches that make use of rescue drones are 

recommended to warn bathers of their presence. In this way, the probability of the drone 

scaring them off when maneuvering overhead would be reduced. 

Finally, this study has some limitations that should be taken into account when 

interpreting the results. First, although the sample size is large (3363 participants), it was only 

collected within the province of Cádiz. Therefore, the results cannot be generalized to beach 

users from other parts of the world, because the impact of cultural differences is not present. 

Second, the study includes a reduced number of associated variables. Future studies should 

include more variables in the analysis. Third, we have not taken into account the 

characteristics of the drone or the terminology used to name it, which may bias the results. 

Thus, we cannot point to a type of rescue drone that might be acceptable to beach users or 

the best way of referring to it in the surveys. In future studies we will explore acceptance 

according to the drone design. Fourth, this study is based on a questionnaire with 

hypothetical questions – in case of drone use –. The reality of implementing rescue drones 

may differ greatly. As a technology associated with surveillance, participants who initially 

reported public acceptance may change their minds having experienced their presence. 

Conversely, people who reported low acceptance might, having experienced drones and 

observed their performance, eventually accept them. Future research could therefore include 

experimental studies on public acceptance of rescue drones when used in real time. 

7. Conclusion 

The objective of this paper has been to determine public acceptance of beach-rescue drones 

and the associated variables, because understanding public acceptance is important for 

designing implementation programs. To achieve this goal, we have conducted an extensive 

literature review of research on public acceptance of drones. The set of variables has been 

defined that might, in our opinion and based on the literature review, affect public acceptance 

of drones. These variables have been complemented with others from the specific context 

of beach lifeguards – e.g., self-confidence at the beach, self-perception of efficacy, and 

presence of human lifesaving services – which had not previously been considered in the 

literature on the public acceptance of drones. In addition, the focus of the analysis on the 

particular context of drones was considered an important contribution since, up until now, 
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studies have compared applications – e.g., hobby, rescue, or commercial applications – rather 

than looking in depth at one of them. Given the complexity of the interaction between 

humans and technology, studies should focus more on applications for specific drone-related 

services. In general, our results have shown how public acceptance of rescue drones is 

moderate. We have also found that perceived benefit and perceived risk are the key variables 

in explaining public acceptance of rescue drones, as well as the presence of human rescue 

services on the beach. This study may therefore be of service to the subsequent development 

of a comprehensive model that might help explain public acceptance of drones. 
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Appendices 

 

Appendix A. Questionnaire. 

 Question Measurement and code Alpha 

Public acceptance   .86 

1 
Even if rescue drones were used, I would still visit this 

beach 

1 = ‘Strongly disagree’ 

2 = ‘Disagree’ 

3 = ‘Agree’ 

4 = ‘Strongly agree’ 

 

2 
Even if rescue drones were used, I would still like this 

beach 

 

Self-confidence at the beach .71 

3 I am a great swimmer  

4 I feel absolutely safe when I bathe at this beach  

5 I can always reach the shore under any circumstances  

Self-perceived rescue capacity .83 

6 
In case a child is drowning, I am fully capable of saving 

him/her 

 

7 
In case an adult is drowning, I am fully capable of saving 

him/her 

 

Perceived benefits .78 

8 
A rescue drone would be useful to me in case something 

happened to me on this beach 

 

9 
A rescue drone would be useful, in general, for people, in 

case something happened to them on this beach 

 

10 Rescue on this beach would be improved by rescue drones  

11 
Rescue drones would reduce the number of drownings on 

this beach 

 

Perceived risk .73 

12 A rescue drone is a dangerous object  

13 It’s very likely that a rescue drone will harm a person  

14 It’s very likely that a rescue drone will scare a person  

Attitudes .79 

15 If a rescue drone filmed me, it might bother me   

16 If a rescue drone flew over me, it might bother me   

Individual factors   

17 What is your sex? 
1 = ‘Male’ 

2 = ‘Female’ 

 

18 What is your nationality? 
0 = ‘Foreign’ 

1 = ‘Spanish’ 

 

19 (If 18 is “Spanish”) What Province in Spain are you from? Name of the Province  

20 What year were you born? Number of years  

21 What is the highest level of education you have completed? 

1 = ‘None’ 

2 = ‘Primary school’ 

3 = ‘Secondary school’ 

4 = ‘Higher vocational 

education’ 
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 Question Measurement and code Alpha 

5 = University 

22 
How many children are you supervising on the beach right 

now? 
Number of children 

 

23 How many years have you visited this beach? Number of years  

24 
How many days do you expect to visit this beach in the 

month of August? 
Number of days 

 

Situational factor*   

25 Beach 

1 = La Cortadura 

2 = La Caleta 

3 = La Victoria 

4 = Santa María del 

Mar 

5 = Valdelagrana 

 

Note: * The interviewer noted the beach where the participant was surveyed. 
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Appendix B. Map of beaches in the Province of Cádiz where the interviews were held. 
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i The beaches of the province of Cadiz are very familiar; that is, the users of the beaches are 

usually families who come with several children. This variable does not measure the number 

of children in the household, but rather the number of children that the interviewee was 

supervising on the beach at the time of the survey. 
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